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Tsunami generation near Japan by earthquakes in along-strike single segmentation al

along-dip double segmentation
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After the 2011 Tohoku-oki megathrust earthquake of Mw9.0, we have proposed a hypothesis that megathrust earthquake
worldwide occur Along-dip Double Segmentation (ADDS) or Along-strike Single Segmentation (ASSS). The former is char-
acterized by the apparent absence of earthquakes in the aligned seismic segments along the Japan trench as opposed to tl
along the Japan Islands that generate repeated smaller earthquakes (ADDS), where the 2011 Tohoku-oki megathrust occurr
Meanwhile, the latter is by a weak seismic activity before the main event all over the subduction zone, where we find aligned
seismic segments along the subduction zone from the trench to the island-arc (ASSS). A typical example of ASSS is the Nank:
trough, Japan, where future great earthquakes are expected. The 1960 and 2010 Chile megathrusts occurred in ASSS. In ¢
near Japan, ADDS earthquake activity is restrictively found along the Pacific side of Hokkaido and Tohoku regions and the
Hyuganada, Kyushu. The rest of seismic activity near Japan is classified into ASSS. Comparing tsunami magnitude m fron
local tsunami-wave heights and seismic moment Mo from long-period surface-waves of 61 earthquakes from 1923 in and nee
Japan, we found that tsunami-wave heights of ASSS earthquakes are almost two times larger than those of ADDS's. This is als
confirmed by studying tsunami magnitude Mt evaluated from teleseismic tsunami-wave heights. The reason of this different ex
citation between ADDS and ASSS is considered to be due to either (1) shallower focal depths for ASSS give rise to larger ocea
bottom deformation, resulting in larger tsunami excitation, (2) larger dip-angles of fault planes for ASSS, (3) three dimensional
ocean-bottom structures, such as troughs, trenches and continental shelves, or (4) ocean bottom topography nearby causes
focusing of tsunami waves. (1) is the conclusion that we would like to derive. (2) Speaking about the effect of dip angles to
the maximum ocean bottom deformations, the difference is about 30% in cases of reverse faults with dip angles of 30 and 6
degrees. (3) Both of earthquakes along the passive margin of the back-arc basin of the Japan sea and along the Nankai trot
are classified into ASSS. (4) Both of local and teleseismic tsunami-wave heights do suggest the similar result, rejecting the loce
tsunami focusing. Therefore, we conclude that the larger tsunami excitation for ASSS earthquakes is due to larger amount c
ocean bottom deformations than those for ADDS earthquakes or by the reason of (1) or by both the effects. Asperity for ADDS
locates in the shallow part of the subduction zone along the trench, and it ruptures only in the case of megathrust events like
the 2011 Tohoku-oki earthquake. In estimating tsunami wave heights for future earthquakes, we have to take into account of thi
difference in tsunami excitations in the ADDS or ASSS zone.
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The 2011 Tohoku-oki megathrust earthquake (Mw 9.0) and slip deficit of the past tsunam

earthquakes in the region
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The 2011 Tohoku-oki megathrust earthquaké/bf 9.0 generated a devastating tsunami. Gusman et al. (2011) estimated the
slip distribution of the earthquake, analyzing tsunami waveforms, GPS data, and ocean bottom deformation, and they indicate
that the largest slip was located shallower part of the fault near the trench. That place is the same source areas of tsunamis
significant earthquakes of 869, 1611, 1793 and 1896 (Hatori,1975). This means a slip deficit existed in the region of the 201:
because there was little strain accumulation there if the region released the strain perfectly every time. We aware some of the
earthquakes were tsunami earthquakes and there must have been the slip deficit. Seismic moment of an earthquake with some
deficit is smaller than that of an earthquake without deficit, when the areal sizes of two earthquakes the same. Now the comparisc
is made to check the above hypothesis that the seismic moment of tsunami earthquakes is smaller than that of ordinary inter-ple
earthquakes with a same size of rupture areas.

This is done by studying the scaling relation between seismic moment and rupture area of tsunami and ordinary earthquake
Standard scaling law for ordinary earthquakes is adopted from Koyama (197#;legl.5 logS + 15.12, wheré/ , is seismic
moment [Nm] andS is rupture area [kif{. Compared to the relation, we obtained smaller seismic moment for some tsunami
earthquakes such as 1992 Nicaragua, 2006 Java, and 2010 Sumatra. Some other tsunami earthquakes such as 1994 Java,
Peru, and 1998 Papua New Guinea are almost the same as the relation. The former are those characterised by low rupture veloc
and the latter are by land-slides or slump of ocean bottoms and may be by a smooth faulting with weak fault heterogeneities.

The 1896 tsunami earthquake occurred in the region of horst and graben structure similar to the 1992 Nicaragua earthquak
This indicates tsunami earthquakes off the Pacific coast of Tohoku are also characterized by low rupture velocity, and there mu:
have been slip deficits.

We conclude that before the 2011 earthquake, the trench side of the rupture zone had a large amount of slip deficit due f
repeated ruptures by tsunami earthquakes. Since the 2011 megathrust occurred in Along-dip Double Segmentation, the trenc
ward seismic segment has had the potential to generate large moment release due to the slip deficit and the large slip in tl
trench-ward segment had accompanied with the rupture in the land-ward segment.
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Anelastic deformation during the 2011 Tohoku earthquake: The role of extensional fault-
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The 2011 Tohoku-oki earthquake (Mw 9.0) ruptured a wide area along the plate interface ("450 km in the trench-parallel di-
rection) and generated a particularly large tsunami. On the basis of geodetic and geophysical data as well as tsunami recort
large slip along the plate interface ("60 m) was estimated to have occurred near the trench off Miyagi. However, the mechanism
of large displacement along the plate interface near the trench are not well understood. Prior to the 2011 Tohoku-oki earthquak
the plate interface near the Japan Trench was thought to be too weak to accumulate strain and, because of this presumed wi
lithology, the frontal prism was expected to deform aseismically. Here we identify a series of faults in seismic reflection pro-
files acquired within and outside of the tsunami source area and examine dynamic changes of the fault traces on the seafloor
comparing observations made during submersible dives before and after the 2011 earthquake, in order to identify characterist
geological structures and dynamic fault activity within the overriding plate in the tsunami source area. During the seafloor obser:
vations, we also repeatedly measured heat flow to evaluate the activity of the fault system.

Observations of seafloor morphologies and environments made before and after the 2011 Tohoku-oki earthquake reveal op
fissures, generated during the earthquake, where the fault trace is interpreted on seismic profiles to intersect the seafloor. Anon
lously high heat flow was observed at a landward-dipping normal fault in August 2011, five months after the earthquake, but by
August 2012 heat flow measured at the same station had decreased to close to the background value, which suggests that
normal fault ruptured during the 2011 earthquake. These seafloor observations and measurements demonstrate deformation 1
was both extensional and anelastic within the overriding continental plate during the 2011 earthquake. Seismic profiles as well ¢
seafloor bathymetry data in the tsunami source area further demonstrate that landward-dipping normal faults (extensional fault
collapse the continental framework and detach the seaward frontal crust from the landward crust at far landward from the trenct
The extensional and anelastic deformation (i.e., normal faulting) observed in both seafloor observations and seismic profiles a
lows the smooth seaward movement of the continental crust. Seaward extension of the continental crust close to the trench axis
response to normal faulting is a characteristic structure of tsunami source areas, as similar landward-dipping normal faults ha
been observed at other convergent plate margins where tsunamigenic earthquakes have occurred. We propose that the existe
of a normal fault that moves the continental crust close to the trench can be considered one indicator of a source area for a hu
tsunami.
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One of the biggest features of the subduction-zone processes is tsunami earthquake that generate tsunamis disproportiona
large for their seismic energy. Tsunami earthquakes have been reported in the subduction zones worldwide: for example, 18¢
Sanriku, 1946 Aleutian, 1992 Nicaragua, and 1994 Java. Most of the tsunami earthquakes appear to propagate along shallc
decollement up to near trench. However, the tsunamigenic decollement is not clearly identified and its nature is largely un:
known. Here we report seismic reflection character and spatial distribution of the tsunamigenic, shallow decollement along the
Nankai subduction zone, southwest Japan. Seismic reflection profiles along and across the Nankai Trough reveal clear shallc
plate-boundary fault (i.e., decollement) with variation of negative and positive polarity reflections. Very-low-frequency earth-
guakes suggesting slow seismic slip and shear failure occur around the decollements with tsunami potential. Although fluid-poa
decollement with positive polarity reflection too may have tsunami potential, fluid-rich decollement with negative polarity reflec-
tion could be much easier to slip due to elevated fluid pressure leading to low effective normal stress so that it is conditionally
stable. On the whole, the fluid-rich decollement is identified off Shikoku Island and Cape Shiono. The fluid-poor decollement is
recognized off Kii Channel. Alteration of the fluid-rich and fluid-poor decollements is observed off Kumano Basin. The huge,
fluid-rich decollement zone off Shikoku Island is almost consistent with tsunami source area of the 1605 Keicho event. On
seismic reflection profiles, we also identify three distinct turbidites underthrusting along the shallow decollement immediately
beneath the Nankai accretionary wedge. Deep sea turbidite subduction may affect formation of the fluid-rich decollement witt
much more tsunami potential.
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Estimation of effective pressure in Nankai accretionary margin using physical properties

of sediments
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Effective pressure within accretionary wedge and along decollement in subduction zone affects both on strength of sedimen
in wedges and friction strength along decollement or mega-splay faults. Those strengths control widely wedge architecture, stre:
state, and seismic behavior. Therefore, estimation of effective pressure is critical to understand wedge state and seismicity in su
duction zone.

In this study, we estimate effective pressure along decollement from shallow to deep up to shallow seismogenic zone, an
also along mega-splay fault in Nankai trough combining physical properties of sediments with information from seismic profiles
in Nankai Troguh.

For shallow decollement, from deformation front to “25 km landward, we followed Tobin and Saffer (2009) to estimate effec-
tive pressure. They used velocity-porosity relationship obtained from sediments only in the toe and reference sites. Porosity we
converted from velocity along decollement obtained by seismic data in Nankai Trough. The porosity was converted to effective
pressure based on porosity-effective pressure relationship at reference site. We have newly made porosity-velocity relationsh
with additional data from rocks in Shiamnto Belt to cover wider range of porosity. The estimated effective pressure based on the
newly modified porosity-velocity relationship represents less than 10 MPa, which is very consistent with the result of Tobin and
Saffer (2009).

For deeper decollement, about 5 km depth, effective pressure was estimated using elastic properties of hanging-wall ar
footwall bounded by fossil seismogenic fault in Mugi melange, Shimanto Belt. The elastic properties were measured in labo-
ratory under controlled effective pressure. Amplitude variations with offset (AVO) analysis were taken for the estimation. By
comparison between AVO parameters from seismic data and the elastic properties, appropriate effective pressure was estimal
as about 15MPa in hanging-wall and about 10 MPa in footwall.

Finally, for deep mega-splay fault, "8-10km deeper portion, effective pressure is also estimated by elastic properties o
hanging-wall and footwall bounded by Nobeoka thrust, Shimanto Belt. AVO analysis was also conducted to compare AVO pa-
rameters from seismic data and the elastic properties. The estimated effective pressure is about 50 MPa in hanging-wall ar
5MPa in footwall although the coincidence between AVO parameters was not so good. The bad coincidence is probably due t
anisotropy of elastic property especially in hanging-wall. At least, the difference in effective pressure between hanging-wall anc
footwall is larger than other portions.

Distribution of effective pressure in subduction zone from shallow to deep was examined in this study. About 5-15 MPa
of effective pressure are distributed along shallow to deep decollement up to shallower portion of seismogenic zone. 5MPa il
footwall and about 50MPa in hanging-wall of effective pressure are obtained along deep mega-splay fault. This low effective
pressure in footwall both in decollement and mega-splay fault lead to low friction along those faults. This estimation is for the
modern state based on the seismic data.
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The recurrence of Nankai trough mega thrust earthquakes is the very severe problem

to Japan. Therefore, MEXT of Japanese government has started to the research project on the estimation of seismic linka
around the Nanakai trough mega thrust earthquake seismogenic zones. This project is composed of three research subjects as
observational research, simulation research and disaster mitigation research.

In results of observational research subject, the precise structures and seismicity around the western part of the Nankai trou
are obtained. Especially, precise structures and characteristics of off Hyuga seismogenic zone including Kyushu-Palau

Ridge are obtained from refraction seismic surveys. Around off Hyuga, low frequency detected by the new analytical method.
Furthermore, we have carried out observations of earthquakes and crustal deformations around off East Japan seismogenic z
from before 2011 East Japan earthquake, so, results of off East Japan observations indicated crustal activities among the
shock, the main shock and aftershocks at 2011 East Japan. As results of simulation research subject, the crustal deformati
database has been constructed and tsunami sediments were sampled and analyzed for the estimation of historical large tsun.
recurrences. And some simulation technologies have been developed for advanced simulation researches including recurrer
cycle simulations and data assimilations. .

Finally, in disaster mitigation research subject, precise seismic wave and tsunami propagations have simulated for the reliab
hazard estimation. Furthermore, for the disaster mitigations and improvements of regional disaster measures, we have discuss
with local governmental people and lifeline industrial people at some regional disaster prevention research societies. Resul
from this project contributed to the new estimation of maximum Nankai tough seismogenic zones, tsunamigenic zones and dan
ages by Japanese Cabinet office.

Keywords: Nankai trough, Mega thrust earthquake, Seismic linkage
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The Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) is a multi-disciplinary scientific project designed to inves-
tigate fault mechanics and seismogenesis along subduction megathrusts through reflection and refraction seismic imaging, dire
sampling, in situ measurements, and long-term monitoring in conjunction with laboratory and numerical modeling studies. As
part of the NanTroSEIZE program, operations during Integrated Ocean Drilling Program (IODP) Expedition 338 were planned
to extend and case riser Hole CO002F, begun on Expedition 326 in 2010, from 856 meters below the sea floor (mbsf) to 360
mbsf. Riser operations extended the hole to 2005.5 mbsf, collecting a full suite of logging- and measurement-while-drilling
(LWD/MWD), mud gas and cutting data. However, due to damage to the riser during unfavorable winds and strong current
conditions, riser operations were cancelled. Hole CO002F was suspended at 2005.5 mbsf, but left for re-entry during future rise
drilling operations, which will deepen the hole to penetrate the megasplay fault at about 5000 mbstf.

Contingency riserless operations included coring at Site C0002 (200-505, 902-940 and 1100.5-1120 mbsf), LWD at Site:
C0012 (0-709 mbsf) and C0018 (0-350 mbsf), and LWD and coring at Sites C0021 (0-294 mbsf) and C0022 (0-420 mbsf). Thest
sites and drilling intervals represent key targets not sampled during previous NanTroSEIZE expeditions, but relevant to compre
hensively characterize the alteration stage of the oceanic basement input to the subduction zone, the early stage of Kumano Ba
evolution, gas hydrates in the forearc basin, and the recent activity of the shallow megasplay fault zone system and submarir
landslides.

Preliminary scientific results of Expedition 338 include:

1. LWD, mud gas monitoring and analyses of cuttings from the deep riser hole characterize two lithological units within the
inner wedge of the accretionary prism at Site C0002, separated by a prominent fault zone at “1640 mbsf. Internal style of defot
mation, downhole increase of thermogenically formed gas, and evidence for mechanical compaction and cementation docume
a complex structural evolution and provide unprecedented insights into the mechanical state and behavior of the wedge at dept

2. Multiple samples of the boundary between the Kumano Basin section and the underlying accretionary prism at Site C0O0O:
shed new light on this unconformity, the interpretation of which was debatable from previous samples and data. New sample
suggest that variable erosional processes were active on small spatial scales.

3. Geochemical data characterize the gas-hydrate bearing zone (200-400 mbsf) in the Kumano Basin at Site C0O002 as a zc
of disseminated methane-dominated hydrate of microbial origin.

4. Operations at Site C0012 included 178.7 m of detailed LWD characterization of the oceanic basement, indicating an uppe
~100 m zone of altered pillow basalts and sheet flow deposits, and a lower, presumably less altered basement unit.

5. Cores recovered at Site C0021 improve our understanding of submarine landslides in the slope basins seaward of the spl
fault. LWD data acquired at Sites C0018 and C0021 characterize in situ internal structures and properties of mass-transport d
posits (MTDs) which relate to the dynamics and kinematics of submarine landslides.

6. LWD resistivity images from Hole C0022A, located in the slope basin immediately seaward of the megasplay fault, show
a conductive horizon where the tip of the megasplay fault is inferred from the 3D seismic data. Although the fault itself was not
sampled at Hole C0022B, structural and porosity data from cores as well as interstitial water data suggest that the conductiv
horizon is possibly the splay fault tip.

Keywords: NanTroSEIZE, accretionary prism, forearc basin, megasplay fault, submarine landslide, subduction input
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IODP Expedition 3381 000000000
Preliminary structural geology results of IODP Expedition 338
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Integrated Ocean Drilling Program (IODP) Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) Expedition 338
took place from October 1, 2012 to January 13, 2013. This expedition was originally planned to extend riser Hole COO02F from
856 to "3600 mbsf. However, riser operations at Hole CO002F were suspended at 2005.5 mbsf because the riser pipe was dama
by unfavorable wind/current conditions. Contingency riserless operations including coring at Site C0002 (200-505, 902-940, an
1100.5-1120 mbsf), LWD at Sites C0012 (0-709 mbsf) and C0018 (0-350 mbsf), and LWD and coring at Sites C0021 (0-294
mbsf) and C0022 (0-420 mbsf) have been performed instead of deepen Hole CO002F. Here we report the preliminary results
Expedition 338 shipboard structural studies.

During Expedition 338, two types of sample material were used for structural geology analyses: (1) cuttings (1-4 mm and
>4 mm size fractions) sampled at 5-10 m intervals between 865.5 and 2004.5 mbsf during riser drilling of Hole CO002F, and
(2) cores recovered from intervals of 200.0-1112.84 mbsf at Holes CO002H, C0002J, C0002K, and from intervals of 0-419.5
mbsf at Hole C0022B. For the cuttings from Hole CO002F, deformation structures such as vein structures, carbonate veins, slicl
enlined surfaces, and minor faults, were observed as well as high number of drilling-induced deformation structures. Betwee
1550.5 ? 1675.5 mbsf, up to 10% of investigated cuttings show slickenlined surfaces. This is correlatable with the high fracture
concentration interval identified by LWD resistivity images. Abundant bedding, faults and deformation bands are observed in
the cores retrieved from Holes H, J, K and L at Site C0002. Deformation structures are rarely observed in cores from the uppe
part of the Kumano Basin deposits (Unit Il), while they are numerous in cores from the lowermost part of the Kumano Basin
sediments (Unit Ill) and from the accretionary prism sediments (Unit IV). At Site C0022, orientations of bedding dip and minor
faults appear to change across the possible splay fault. The existence of highly fractured or disturbed material and claystone wi
planar fabrics suggest that the interval of 100-101 mbsf is a plausible candidate for the location of the splay fault at Site C0022.

O000O00D0:10DP Expedition3380 0000000000000, Site CO002, Site C00021, Site C00022
Keywords: IODP Expedition 338, NanTroSEIZE, Site C0002, Site C00021, Site C00022
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What determines Mw7 or Mw8?
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Variations in earthquake magnitude and recurrence intervals of fault behavior need to be understood in the context of region:
tectonics. Convergent margins may be divided into two end-member types that are termed erosive and accretionary plate boun
aries (e.g. von Huene and Scholl, 1991; Clift and Vannucchi, 2004). The Nankai accretionary margin has a 1300-year historice
earthquake record with a recurrence interval of 100-150 years (Ando, 1975). In contrast, the Middle America trench offshore
Costa Rica represents an erosive margin characterized by magnitudes as high as 7.6Mw, with a recurrence interval of seve
decades.

CRISP (Costa-Rica Seismogenesis Project) Program-A has carried out the first step toward deep riser drilling by characteri:
ing the shallow lithologic, hydrologic, stress, and thermal state of this area (Vannucchi et al., 2011; Harris et al., 2013). CRISF
drilling of Exp. 344 reveals that the shallow upper plate crust is composed of terrigenous sediment accumulated at a high rate
The Costa Rica seismogenic zone is characterized by the subduction of young oceanic crust with high heat flow and active flui
flow (Spinelli and Wang, 2008; Spinelli and Harris, 2011; Harris et al., 2010). These characteristics are similar to the Nankai
seismogenic zone (Kinoshita et al., 2008). Some differences exist between both margins including the convergence rates, i
thickness and composition of incoming sediments, and physical properties of the crust. Among them, P-wave velocity within
the upper plate of the Costa Rica margin (Stavenhagen et al., 1998) is much higher than at the Nankai margin (Nakanishi et a
2002). In frictional stick-slip systems, the recurrence interval and event displacement varies with the stiffness of the system. W
propose that the characteristic magnitude of large subduction earthquakes and recurrence intervals are influenced by the stiffne
of the upper plate. This hypothesis may be best tested at the Nankai and Costa Rica margins.

Keywords: Large subduction earthquake, seismogenic zone drilling, accretion and erosive margin
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Preliminary results of stress and strain analyses, IODP Expeditions 334 and 344, Cost
Rica Seismogenesis Project (CRISP

0000 ™, 000 Y0000 %, XixiZhao?, 0000 1, Michael Stipg, Paola Vannucchj Walter KurZ, 0000 1,
Robert Harri$, Expeditions 334 and 344 Scientists

Yuzuru Yamamotd®, Weiren Lin', Yoichi Usuit, Xixi Zhao?, Saneatsu SaitpMichael Stipg, Paola Vannucchj Walter KurZ,
Arito Sakaguchi, Robert Harri§, Expeditions 334 and 344 Scientists

'FREE, JAMSTEC2UCSC,>GEOMAR, “University of London?University of Graz®Oregon State UniversityUSIO
'FREE, JAMSTEC2UCSC,>GEOMAR, “*University of London?University of Graz®Oregon State UniversityUSIO

The Costa Rica Seismogenesis Project (CRISP) is designed to understand the processes that control nucleation and seisi
rupture of large earthquakes at erosional subduction zones. Integrated Ocean Drilling Program (IODP) Expeditions 334 and 34
penetrated the middle slope at Sites U1378 and 1380, the upper slope at Sites U1379 and U1413, the frontal prism at Site U141
and input sites at Sites U1381 and U1414.

Stress and strain analyses using anelastic strain recovery (ASR), fault kinematics, and anisotropy of magnetic susceptibilit
(AMS) have been conducted in the middle and the upper slope. Based on ASR analyses during Expedition 334, a clear differenc
in present-days stress state between the slope sediments and the basement were identified at Site U1379: A normal-fault str
regime characterizes the slope sediments, whereas a strike-slip regime corresponds to the basement. On the other hand,
stress-states in the slope sediments at Sites U1378 and U1380 are characterized by a strike-slip regime that has Sigma 2 orien
vertically. The Sigma 1 direction is oriented NNW-SSE, which corresponds to the SHmax direction identified in the logging
while drilling (LWD), parallel to the present GPS direction. In contrast to the present-day stress state, the ancient stress an
strain based on onboard fault kinematics during both expeditions and AMS were controlled by direction of plate subduction
(Sigma 1 oriented to the vertical, whereas Sigma 2 oriented NW-SE). The spatial and time variations in stress state along th
CRISP transect plausibly correspond to the stress variations during earthquake cycles. Preliminary ASR and AMS results will bi
incorporated into this study.

0o0000:00,00000,CRISPOOOOOO0O
Keywords: Stress, Costa Rica, CRISP, Earthquake cycle
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Fluid-rock interaction and resultant rupture of great earthquake -An exercise from fos-

silized seismogenic plate boundary
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Recent investigations of exhumed and fossilized plate boundary thrusts and megasplay faults strongly suggest that unravelir
the physico-chemical dynamics of fluid-rock interaction and resultant rupture of great earthquake and tsunami is the scientifi
target of the seimogenic plate boundary processes, which is accessible only by Chikyu-deep riser drilling. The expected result ¢
drilling into the active and living fault in depth will be a great step of science.

Technological advantage of the Chikyu Riser drilling is no doubt for its ability of deep hole with coring, logging and obser-
vatory installation. A main target of IODP was direct drilling into the sesimogenic plate boundary thrust in the Nankai Trough
of subduction zone. After the first proposal for the NantroSEIZE many new discoveries have been reported from subductior
zones, e.g. deep low frequency earthquakes, shallow low frequency earthquakes, high velocity slip even along the plate bounda
decollement and on-going stress build-up within the hanging wall accretionary prism. However, unfortunately the deep target o
IODP has not been reached yet.

Before drilling into the seismogenic deep splay fault and plate boundary thrust, we have conducted investigation of exhume
and fossilized splay fault of the Nobeoka thrust and plate boundary fault rocks recorded as melange in the Shimanto belt, Japa

The Nobeoka thrust was once buried at the depth more than 10 km in subduction zone. Combining with inspection of surfact
exposure, drilling with logging for physical properties and borehole imaging was operated to compare the one dimension dat
set with the three dimensional occurrences of the fault zone.

Even though surface weathering and cracking with exhumation, the results of coring, logging, and borehole imaging preser
the condition of the fault in the depth of plate boundary. They show porosity less than several percentages with contrast betwee
the hanging wall and footwall, which are well correlated with electric resistivity, and elastic wave velocities of Vp and Vs. They
are systematically changes with the development of discrete slip zones in the shear zone and define a quantitative damage zo
Abundant mineral precipitation is characteristic in the fault and presents a catalog of fault rocks from friction melt of pseudo-
tachylyte to fluidized fault rock suggesting various fault mechanisms of dynamic weakening.

REE pattern of carbonate vein precipitated along the slip surfaces and extensional cracks suggests that fluid flow along tf
fault, which might be co-seismic, would be under reductive condition but inter-seismic fluid appear to be oxidized condition.
The change in chemical property appear be from rupture-related fluid-rock interaction along the plate boundary.

Exploration of the fossilized plate boundary to deep living ones is the revolving jump like autopsy to modern open-heart
surgery in medical science. The drilling into various plate boundaries with different subduction parameters is quite essential.
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Changes inillite crystallinity in the Nobeoka thrust fault zone SW Japan, ancient megaspr:

fault in a subduction zone
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The Nobeka thrust is a fossilized OOST in the Shimanto belts, Cretaceous and Paleogene accretionary complex in SW Jape
A bore hole penetrating the Nobeoka thrust was drilled at Nobeoka city, SW Japan as analogue of NanTroSEIZE project. Tote
drilling length was 255 m and continuous core samples were recovered. The borehole runs through the Nobeoka thrust at t
depth of 41.3m. The hangingwall is mainly phyllite of Kitagawa group and the footwall is cataclacite of Hyuga group (Kondo et
al., 2005).

The depth interval between 29m and 78.4m is suffered intense cataclasis due to Nobeoka thrust. Quartz and carbonate ve
are enriched in this interval except 41.3-52 m depth interval. We identified from 41.3m to 41.8 m to be a main thrust zone. We
also recognize fault breccia at 114m depth.

We collected fragmented core samples from every three meters and analyzed constituent minerals by powder X-ray diffractior
Quartz, plagioclase, illite, chlorite, calcite are main constituent minerals from the top to the bottom. Ankerite sometimes occurs
as a vein mineral. Here, we focus on the illite with special reference to fault activity.

We measured IC values (FWHM of illite 001 peak) of 65 samples from the top to the bottom. They show remarkable change
between hanging-wall and footwall.

IC values range from 0.240 0.22 above 38m depth they increase from 0.18 0.30 in the damaged zone between 38m
and 41.0m depth. They range from (?48 0.58 just above the Nobeoka thrust between 41.0 to 41.3 m depth. They range from
0.49 to 0.59 in the fault core between 41.3m and 41.8m depth, They range fromt ta¥862 in the footwall. Here, we focus
on the changes in IC values in the hanging-wall.

IC values increase near the Nobeoka thrust. In the damaged zone, the samples are divided into two groups, A and B. In tf
group A, IC value and peak intensity show negative correlation, whereas, IC values are low and peak intensity is high in the
group B. In the fault core, carbonate and clay minerals are enriched and plagioclase content is decreased by intense hydroth
mal alteration. The alteration temperature may be lower than the maximum plaetoemperature of Kitagawa group (320 degree
centigrade). This alteration may affect the high IC values in the fault core and the zone just above the fault.

Cray minerals are easily amorphitized by pulverization. IC values should increase during pulverization. We conducted pulver-
ization experiment of illite rich core samples by planetary ball mill. The IC values increased with decresing peak intensity, in a
similar relations as that of group A.

Therefore, the increase in IC values in the damaged zone of the Nobeoka thrust result from two processes, which are pulve
ization (group A) and hydrothermal alteration(group B).

gooobo:0b00,0000,0000,0000
Keywords: cray mineral, megaspray fault, illite
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Frictional behavior of incoming pelagic sediments to the Tohoku subduction zone
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Mechanical properties of the shallow Nankai Trough accretionary sediments
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We report the results of triaxial compression and friction experiments of mudstone, sandstone and tuff samples, which ar
cored from the shallow (1000-1500 mbsf) Nankai Trough accretionary prism at Sites C0002 and C0009 of IODP Expeditions
315 and 319, at confining pressures, pore water pressures and temperatures close to their in situ conditions.

Triaxial compression experiments at these conditions and an axial displacement rate of 10 micron/s reveal that failure strengt
is 300 MPa for a sandstone sample, 48 MPa for a tuff sample, 20 MPa for a silty mud sample, and 14 MPa for a clayey muc
sample. Another silty mud sample did not fail, and deformed ductilely at strength of 15 MPa. The sandstone sample is strongl
lithified by being cemented by calcite and dolomite, which makes this sample’s failure strength very high. The ductilely deformed
silty mud sample seems not lithified enough to fail. Failure strength of the other three samples shows a negative correlation wit
the content of clay minerals, i.e. it increases with decreasing content of clay minerals.

Friction experiments at these conditions and axial displacement rates changed stepwise among 0.1, 1 and 10 micron/s reve
that frictional strength, too, has a negative correlation with the content of clay minerals; steady-state friction coeffifeht is
for the sandstone sample with 5 wt% clays, "0.7 for the tuff sample with “15 wt% clays, ~0.55 for the silty mud samples with “30
wt% clays, and "0.25 for the clayey mud sample with "40 wt% clays. Slip-dependent frictional behavior also shows a correlation
with the content of clay minerals; sandstone sample, tuff and silty mud samples, and clayey mud sample exhibit slip-hardening
guasi steady-state slip, and slip-softening, respectively. All samples showed an increase in friction when sliding velocity was
increased or vice versa, i.e., velocity strengthening. We also found that the velocity dependence of friction has a correlation witl
the content of clay minerals, suggesting an increasing contribution of flow with increasing amount of clay minerals.

Thus the mechanical properties of shallow accretionary sediments differ basically according to the content of clay minerals
which would have important implications for deformation and faulting in the shallow Nankai Trough accretionary prism.

ooooo:0000,000,0000000000
Keywords: fracture experiment, permeability, velocity dependent of friction
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Dynamic weakening of smectite-rich faults at intermediate velocities and its importance

for rupture propagation
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Megathrust-zone heterogeneity and megathrust earthquakes
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We investigated the detailed 3-D seismic structure of the crust and upper mantle under the NE Japan and SW Japan arcs a
its implications for the generation of large megathrust earthquakes. We used P and S wave arrival times from earthquakes und
the forearc region under the Pacific Ocean and back-arc region under the Japan Sea which are relocated precisely using sP de
phases. P and S wave arrival-time data from many relocated aftershocks of the 2011 Tohoku-oki earthquake (Mw 9.0) are als
added to determine the updated 3-D Vp and Vs models of the Tohoku forearc region.

Significant structural heterogeneities are revealed in the interplate megathrust zone under the Tohoku forearc. Three low
velocity (low-V) anomalies exist off Sanriku, off Fukushima and off Ibaraki. There is a correlation between the velocity variation
and the distribution of large thrust-type earthquakes<M.0) that occurred from 1900 to 2011, including the foreshock, main-
shock and aftershocks of the 2011 Tohoku-oki earthquake. The low-V patches in the megathrust zone may contain subducte
sediments and fluids associated with slab dehydration, thus the subducting Pacific plate and the overriding continental plate m:
become weakly coupled or even decoupled in the low-V areas. In contrast, the high-velocity (high-V) patches in the megathrus
zone may result from subducted oceanic ridges, seamounts and other topographic highs on the Pacific seafloor that become
perities where the subducting Pacific plate and the overriding continental plate are strongly coupled. Thus tectonic stress ten
to accumulate in these high-V areas for a relatively long time during subduction, leading to the nucleation of large and grea
earthquakes in those areas. The off-Miyagi high-V zone, where the Tohoku-oki mainshock and its largest foreshock occurrec
corresponds to the area with large coseismic shi2b m) during the Tohoku-oki mainshock. This indicates that the off-Miyagi
high-V zone is a large asperity in the megathrust zone that ruptured during the Tohoku-oki mainshock. These results indicat
that the rupture nucleations of the large events in the 2011 Tohoku-oki earthquake sequence, including the mainshock and maj
foreshocks and aftershocks, were controlled by the structural heterogeneities in the interplate megathrust zone and the over-ridi
continental plate.

Detailed 3-D Vp and Vs models of the entire SW Japan arc from the Nankai trough to the Japan Sea are determined for th
first time using a large number of high-quality arrival-time data from local earthquakes. Our results show that strong lateral het-
erogeneities exist in the interplate megathrust zone under the Nankai forearc. Large interplate earthquakes mainly occurred in
around high-V patches in the megathrust zone. These high-V patches may represent asperities formed by the subducted ocea
ridges and seamounts. Low-V zones in the megathrust zone may contain sediments and fluids associated with slab dehydrati
and so become weakly coupled areas. Our results also show that the coseismic slip distributions of some megathrust earthqual
are not limited in the high-V patches (asperities) where the ruptures initiated. Because of the weak interplate coupling in the
low-V areas, the rupture of an interplate earthquake could unimpededly pass through the low-V anomalies and so resultin a gre
megathrust earthquake.
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Studies on deposits of prehistoric tsunamis indicate the occurrence of destructive earthquakes (Mw 8.4) along the southel
Kuril trench subduction zone (Nanayama et al., 2003). Intervals between inferred outsized tsunami events average nearly 4(
years, but range widely from about 100 to 800 years (Sawai et al. 2009).

Recent studies on fault zones show that considerable weakening can occur at a high slip velocity because of pore-fluid pre
surization via frictional heating or thermal weakening processes (Noda and Lapusta, 2010; Di Toro et al., 2011, Tsutsumi et al.
2011). Shibazaki et al. (2011) performed 3D quasi-dynamic modeling of the great Tohoku-oki earthquake cycle by considerinc
high-speed friction. The present study models the megathrust earthquake cycle along the southern Kuril trench subduction zor
considering weakening of friction by thermal pressurization at high slip velocity.

We investigate the model considering a rate- and state-dependent friction law and thermal pressurization by using a spectr
solver (Noda and Lapusta, 2010) to calculate the temperature and pore pressure evolution on a fault plane. Asperities for the 19!
Tokachi-oki earthquake (Mw 8.1) and the 1973 Nemuro-oki earthquake (Mw 7.8) are considered. The Geospatial Information
Authority of Japan (2012) suggests that there is a slip deficit region at the shallower subduction interface between the two sourc
regions, and in this respect, we set a larger asperity near the trench. We set the frictional properties of velocity weakening withil
the asperities and that of velocity strengthening outside of the asperities. Results show that when a rupture occurs around the lar
asperity near the trench, significant thermal pressurization occurs, resulting in large and fast slips. This rupture propagates to tl
stable creeping region and to the asperities of Mw 8 earthquakes. We examine conditions where observed recurrence interve
are reproduced. In cases where the recurrence interval of megathrust earthquakes is around 400 years, the size of the megath
earthquakes reaches Mw 8.8.
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On the basis of the revised RSF proposed by Nagata et al. (2012), we reinvestigated frictional stick-slip cycles of earthquak
faults. Simulation results showed a fairly large strength drop in the preslip period, which is localized within a few years preceding
the earthquake. This suggests a possibility of earthquake forecast by monitoring the strength drop of a natural fault by acoust
methodology. In laboratory, Nagata et al. (2008, 2012) conducted rock friction experiments in a double-direct-shear apparatus
where they simultaneously measured P-wave transmissivity across the frictional interface to monitor the state of contact (-
strength). The acoustic transmissiviTy was found to reflect changes in the contact state very well. However, a critical problem
is that how the acoustic monitoring can be realized at a natural scale. The present paper discusses its feasibility based on t
earlier studies on the acoustic method for monitoring mechanical properties of imperfectly welded interfaces (Kendall and Tabor
1971, Schoenberg, 1980).

We started from the laboratory experiment of Nagata et al. (2008) of the order of strength 10MPesftMHz and Llab =
1micron, where fc is a cutoff frequency and L is a characteristic slip distance of the interface. We theoretically derived that | times
greater strength and J times greater L lead to fc = (LABifc For our simulation values of 1=10 (L00MPa strength) and J=10"5
(L=10cm), fc can be estimated as 100 Hz. Recently reported large L=1m (J=10"6) (Hori and Miyazaki, 2011; Kato and Yoshida,
2011) and weak strength of 10MPa (I=1) (Hasegawa et al., 2011) for the 2012 Mw9.0 Tohoku earthquake, fc could be as low a
1 Hz. We think that the frequency range between 1 to 100 Hz is seismically observable. In fact, the explosion reflection survey:
conducted over the plate boundary on the forearc slope of the Japan Trench successfully revealed the intensity distribution ¢
plate boundary PP reflection around 5 - 20 Hz (Fujie et al., 2002; Mochizuki et al., 2005). Because acoustic réeigtion
theoretically related t¢T| (Schoenberg, 1980), acoustic monitoring of strengthjRjdooks feasible at a natural scale. Note that
though expected change df| in the preslip period would depend on the ratio of the change to the absolute value (Nagata et al.,
2012), and the ratio is arbitrary in the simulations (only the change from an arbitrarily chosen reference value is necessary). Th
ratio could be more than 50% if a weak fault is considered in our simulation, and it would be easily detected by seismic reflectior
surveys.

Reference
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friction law, Tectonophysics (2012), http://dx.doi.org/10.1016/j.tecto.2012.11.029
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We estimated the tsunami sources of the 2011 Tohoku earthquake and 1896 Meiji Sanriku tsunami earthquake by modelin
the tsunami waveform data and tsunami height data along the coasts.

The spatial and temporal slip distribution of the 2011 Tohoku tsunami source was inverted from 53 tsunami waveforms
recorded at ocean bottom pressure gauges, GPS wave gauges, and coastal wave and tide gauges (Satake et al., 2013, BS
The result shows that fault slip started near the hypocenter and very tafert) slip occurred on the deep plate interface near
the hypocenter within ™ 2.5 min, then huge (up to 69 m) slip occurred at the shallow part near the trench axis and propagated t
the north. The final slip distribution shows that the slip increases toward the trench axis. The average slip on a 550 km long an
200 km wide fault is 9.5 m, and the total seismic moment is 4.2%% Noin (Mw = 9.0). The slip distribution can be decomposed
into a shallow slip near the trench axis (Mw = 8.8) and a deeper slip on the plate interface (Mw = 8.8).

The shallow slip near the trench axis is similar to the proposed model of the 1896 Sanriku tsunami earthquake (Tanioka an
Satake, 1996, GRL), which is inferred from the tsunami records at three tide gauges (Hanasaki, Ayukawa and Choshi). Th
maximum tsunami height observed at tide gauges was 1.2 m at Ayukawa, which is much smaller than the observed one for tf
2011 tsunamix 8 m), while the maximum tsunami height (" 40 m) along the Sanriku coast was similar to the 2011 tsunami. The
tide gauge records and the coastal tsunami heights from the 1896 Sanriku earthquake can be explained by halving the slip of tl
2011 source model on the northern subfaults along the trench axis (200 km x 50 km). The seismic moment & NBx (Mw
= 8.2). While the average slip of “ 9 m is similar to the previous estimates (Tanioka and Seno, 2001, GRL), the slip increase:
toward south. This indicates that both the 1896 and 2011 earthquakes had similar slip distribution along the trench axis.
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Initial data evaluation of seismometer and tiltmeter installed in the C0002G borehole
observatory in the Nankai Trough

000000000 th,oooot
Toshinori Kimurd*, Eiichiro Araki', Kazuya Kitada

lopooooooo
1JAMSTEC

IODP Exp.3320 000 20100 120000000000 cooo2c 0 00DOdOopoOOoOoOOoOoDoOonoOoooong
000000000000 0D00000020130 10 2400 DONET(Dense Oceanfloor network system for Earthquake
and Tsunamisl 00 000000000000 O00ODOOO00ODOOOO0O0ODOOO0OODOOOOO0ODOOOOO0
Joooooobobobbboooooooooobobobobo0oooooooooDboD bbb oob oo
gooobobobbooooobooboooboog

000000000000l 0o000ooo0000ooo000oooo002QUooooooooooogg
0000000 00o0oo 3)0000o0000o0ooo000o0ooo000o0ooD00D0o0oDoDoUOoDoOoOOoooOoD
ggd

1)0000000000000000000000
0000000000000000000000000000000000000000000000000000
00000000000 (000000:GuralpD O CMG3TBD,0 0000 Geospac& 0 GS-11D,0000: 0000
000 JA-5H200)0 00000 (Applied Geomechanicss 0 LILY) D000 0.3Hz0ODODDODODO0O0O0O0000000O
0000000000000000000 DONETOOO KMD16000000000000000000000O0O
0000000000000010dB,000000 3-5dBO0000000000000000000000000O1Hz
050HzOOOOOOOOOOOODONETOOOOO0000000000 20dB00000000000000000
000000000000000000000 DONETOOO0O00000000000O0OOOOOOOOOOOOO
00000000000000000000000000000000000000000000O0000000000
00000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000

200000000000000000000000

gboooooooboboooooooobobobooboooooooboboboooooobOobobooboonoo
oboooooobOobobooooooooobobooooooooobooboobooooooobooboboboooon
boocooooobobobooooooobobobooooooooobOoboboooooooboOobobooooon
gboooboboooobooboooobooboooobooboooboobooon

j)y00000000O0O0O0O0O0O0OO0OO0O

o00o0000000D0DOO0OO0O00000000000000000000 (2012000000000000000O
obooooooobOoboooooooobobobooooooobOobOoboooboobooboobOoboobooooon
DONETO OO KMDle OO OOOOODOOOOOODODOOODODOODOOOOOOO0ODOOOOO0O0ODOOOOOOO
oo0000000opoooOo0O000oooO000ooooOoOo0O0O00o00ooyYDOODOOOOOOOooOO 4600000
ooo

googoooooocoooec ogoooooooooooooobooooooooboooooooDoboOgo
boooooooboboboooooooboboboooboooobOobOoboooOoooboobOobooooooon
boboooooboobobooboooooooboboboooooooboobOoboboOoboooobOobOoboboooon
goooooooboboboooooooooboboboooboooobobOooboooooobDOobDobboooOoo
gboooboooobobooboooboobooooobooooboboboooobooooDbOoDbo

gooobo:0bo0oo,bbo,000bb,o0ooo
Keywords: borehole observatory, seismometer, Nankai trough, data evaluation

1/1



Japan Geoscience Union Meeting 2013 0 ® ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

SSS31-P02 go:booboboobo 00:50 210 18:15-19:30

J000000000cooo2 D 0ooooooooooooon
Precision observation of seafloor pressure change on the platform of C0002 borehol

observatory in Nankai Trough
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The stress variation along the Nankai Trough observed in the scientific drillings Borehole

CO010A and C0004B, NanTroSEIZ _ S
The stress variation along the Nankai Trough observed in the scientific drillings Borehole

CO0010A and C0004B, NanTroSEIZ

oo “ooooltooooo!
HungYu WU*, Sanada Yoshinolj Kinoshita Masataka

1 Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
1 Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

In NanTroSEZIE Exp. 319, well CO010A was drilled to compare with well CO004B in physical properties, fault zone archi-
tecture, and the variations along-strike of Nankai Trough. Based on the seismic reflection data, the character of the mega-spr:
fault diverges remarkably between CO010A and C0004B. The well conditions of LWD images are collected to 550 meter below
sea floor (mbsf). In this paper, we used the stress polygon to analyze the reprocessing LWD images for picking the breakout ar
tensile fracture azimuth and width in well CO010A and C0004B. The stress state in site CO010A can be modified by the bore-
hole conditions, logging data and the physical properties. The same methods run on the site CO004B and the stable, consiste
stress profiles are shown. Several faults were identified by the rotated borehole breakout orientation. The fractures distributior
also supported the stress anomaly in the vicinity of the faults. The magnitudes of the horizontal stresses in CO010A vary in the
different units comparing to the CO004B. The difference of two sites indicated that the local structure near the Nankai Trough
would be the factor to influence the stress state in the boreholes. However, the normal fault stress regime was designed in b
boreholes. The low stress level in the shallow portion near the Nakai Trough was obtained in this scientific drilling project.
Keywords: NanTroSEIZE, LWD, Breakout, Tensile fractures, Stress polygon
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Analysis of Fracture Characteristic against Shape of Borehole Breakout
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Unsolving the fault activity off Tokai through 14C dating fossilised Calyptogena .spp

shells.
Unsolving the fault activity off Tokai through 14C dating fossilised Calyptogena .spp

shells.

Kazuhiro Yagasak¥, Shin’ichi Kuramotd, Juichiro Ashi
Kazuhiro Yagasak¥, Shin’ichi Kuramotd, Juichiro Ashi

LAtmosphere and Ocean Research Institute, The University of TSRISTEC
! Atmosphere and Ocean Research Institute, The University of TSRISTEC

The Nankai and the Tokai Trough regions are common areas for cold seeps, an area of the ocean floor where Hydrogen Sulphi
(H2S), Methane (CH4) and often hydro-carbon rich fluid seepage occurs. These various substances encourage the growth
Calyptogena .spp colonies to flourish at these sites. Naturally, cold seeps occur at tectonically active continental margins and a
mostly ephemeral. This suggests that the activities of cold seeps are possibly influenced by the tectonic activity of the divergin
plates. Previously attempts were made to reconstruct the cold seep activity history through amino acid racemisation dating. Ye
further data is required to show any significant relationship. In order to further study the possible relationship between the colc
seep activity and past major fault activity, radioactive 14C dating method will be used to attempt and accurately measure the ag
of the Calyptogena. spp shells.

00000 : Tokai Trough, Cold Seeps, Calyptogena .spp, 14C dating, Fault activity
Keywords: Tokai Trough, Cold Seeps, Calyptogena .spp, 14C dating, Fault activity
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High resolution shallow structures of the northern marginal fault of the forearc basin off

Kumano

0000 ™ 000320000 YKH11900000 ¢!
Juichiro Ashi*, Ken Ikehara, Takanori Ojima, KH-11-9 Shipboard Scientists

'Dooo,?2000000000
1The University of TokyoZNational Institute of Advanced Industrial Science and Technology

Investigation of shallow deformation structures is significant for understanding of recent tectonic activity. We carried out
deep towed subbottom profiling survey by ROV NSS (Navigable Sampling System) during Hakuho-maru KH-11-9 cruise. High
resolution mapping of shallow structures was successfully conducted by a chirp subbottom profiling system. ROV NSS also ha
a capability to take a piston core with a pinpoint accuracy. The studied area is the northern margin of the Kumao Trough. The
Kumano Trough is a well developed forearc basin associated with the growth of the accretionary prism that has been examine
by IODP drillings. The basin is characterized by pervasive large-scale folds trending ENE-WSW. The northern basin margin
is divided into two domains, with water depth differences of 14 m: northern margin at a water depth of 2028 m and southern
main basin floor at a water depth of 2042 m, by ENE-WSW trending step. An asymmetric anticlinal fold suggesting activity of a
blind fault is recognized beneath this step on multichannel seismic reflection profiles. Subbottom profiles show that reflectors o
both fold limbs bend up and thin out toward the fold axis. The northern limb is completely filled by sediments and the southern
limb corresponds to the gentle slope between the northern margin and the main basin floor. Acoustically transparent layers a
dominant at upper 5 m sequences of the both limbs. These layers seem to correspond to Holocene sediments after approximat
10,000 years ago by adjacent core sample ages. Because bend structures of shallow strata near the fold axis attribute to rela
uplift of the fold axis region, vertical displacement for the past 10,000 years is estimated to be 2.5 m. Further deep structure
revealed by SBPs show accumulation of displacement with depth. Moreover, MCS profiles suggest strike slip deformation aroun
this anticline based on existence of flower structures. Therefore, it is inferred that the northern marginal fault located below this
fold is active for more than 10,000 years at least.

gooobo:oboo,ob,ggg,booo
Keywords: monoclinal fold, flexure, active fault, forearc basin
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Studies of the source depth and the depositional environment of the mud volcano by usin

of drilling cores in the Kumano
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A seismic inversion study for incoming sedimentary sequence in the Nankai Trough,

southwest Japan
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Influence of Diatomaceous Structure on the Physical Properties - An Example of off San

riku, North Japan -

oooo ™ o000 2
Takanori Ojima*, Saneatsu Saito
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LAORI, The University of Tokyo2JAMSTEC

During Ocean Drilling Program(ODP) Leg. 186, two sites(Site 1150 and Site 1151) were drilled on the continental slope of the
deep-sea forearc basin of northern Japan. Diatomaceous sediments were recovered Site 1150 (390 10.9'N, 1430 19.9'E) and <
1151 (380 45.1'N, 143020.0’E), and the depth of each site is 1181.60 mbsf and 1113.60 mbsf, respectively. This area is unde
the influence of the Oyashio current and is one of the highly bio-productive regions of the North Pacific Ocean (Motoyama et al.,
2004). The combination of high productivity and active tectonic deformation that often caused high rate accumulating of fossil
and organic rich sediments.

The onboard results of porosity measurements show high value (50-70 %) down to 1000 mbsf, and obviously higher thar
nearby subduction trench, Nankai Trough (Taylor and Fisher, 1993). There is a possibility that diatomaceous shell keep a fram
structure from effective stress and load pressure. On another drilling site result, DSDP(Deep Sea Drilling Project) Leg. 19 locate!
60 km to the north of ODP sites, was reported high value of porosity, but recognized only shallowx&0§enibsf) (Shephard
and Bryant, 1980).

We focused on the relationships between physical property, microstructure, and logging data at deep range(?1000 mbsf).
picked 14 samples to observe microstructure using SEM and measure permeability using flow-ump approach(1.5-4.5 MPa), ar
compiled Logging data respectively.

We observed many pore in and around diatom fossils usuing SEM even in the sample from deeper than 1000 mbsf. And w
measured pore size and permeability at each depth. As depth is increased, permeability generally decreased by effective stri
and load pressure. In this site, we recognized diminish wavy curve in correlation between depth and permeability. Furthermore
wavelength cycle nearly matched resistivity alternation, and promised to have a correlation with lithofacies change.

gooobo:ob,00ob,0goooo,b0og,oooo
Keywords: diatom, high porosity, pore size analysis, permeability, logging
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Dehydration of amorphous silica in subduction seismogenic zone
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Mayuko Shimizd*, Jun Kamedb Yohei Hamad3, Gaku Kimurd
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1The University of Tokyo2Japan Agency for Marine-Earth Science and Technology

Generally, a shallow part of a plate boundary megathrust has been considered as aseismic. However, in the 2011 Tohoku-c
earthquake, the seismic fault slip propagated close to the axis of the Japan Trench and caused an extremely large tsunami. I
considered that ductile deformation of unconsolidated sediments is common deformation mechanism prominent in this aseism
region of the shallow part of the subduction zone. Accordingly, it is still unknown how the seismic rupture reached to nearby the
trench axis.

The megathrust is characterized by a prominent reflector. Therefore it has been pointed out that the megathrust may ho
highly pressurized fluids (Kimura et al., 2012). Moreover, based on the result of mineral analysis by Deep Sea Drilling Project
(DSDP) in 1977, it is supposed that the subducting sediments mainly consist of vitric diatomaceous and radiolarian silt with
pelagic clay intervals.

Opal-A in the vitric diatomaceous silt transform to quartz, and smectite in the pelagic clay to illite. These diagenetic reactions
accompany dehydration reactions. The dehydration rates become maximum at 50-60 km horizontally from the deformation front
where the temperature along the megathrust is 100-120?C. This region coincides with the locus with a prominent reflector, an
this suggests that the main source of highly pressured fluids is dehydration of sediments (Kimura et al., 2012).

However, few studies have conducted mineral analysis of sediments along the Japan Trench, and detailed dehydration proce
of hydrous minerals and the reality of fluid pressure have been poorly constrained. Therefore, in this study, we examined by X
ray diffraction whole rock composition of sediments including opal-A, which was recovered from outer rise of the Japan Trench
during DSDP Leg56. In this talk, we present calculations of the diageneses of opal-A and smectite, and discuss developmel
mechanism of fluid pressure in the shallow portion of the megathrust in the Japan Trench.

References

Kimura et al. (2012) Runaway slip to the trench due to rupture of highly pressurized megathrust beneath the middle trenct
slope: The tsunamigenesis of the 2011 Tohoku earthquake off the east coast of northern Japan. Earth and Planetary Scier
Letters, 339-340, 32-45

oo0oo0o0:00000,000,00, XRD
Keywords: Subduction zone, Silica, Dehydration, XRD

1/1



Japan Geoscience Union Meeting 2013 0 ® ;’

(May 19-24 2013 at Makubhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SSS31-P11 go:booboboobo 00:50 210 18:15-19:30

oo dddooooood —o0booooooooodd
O00—
tion of a subduction zone megasplay fault -Example from the Nobeoke

[ [
[ [

O

[ oo
[] 0od
Core-log integr
Thrust Drilling-

=00
QD

0000 ™00oDOoOo%4000Y4L%0000300004000%4,00003%,000004000060000
>, 000D0%0000?

Mari HamahasHi*, Saneatsu SaitpGaku Kimura, Asuka YamagucHi Rina Fukuchi, Jun Kamedg, Yohei Hamad?, Koichiro
Fujimoto*, Yoshitaka Hashimof Shoko Hind, Mio Eida®, Yujin Kitamura

'0000,?00000000000000,300000000000,4000000,%°00000,%0000
1The University of Tokyo2Japan Agency for Marine-Earth Science and Technolégjigmosphere and Ocean Research Insti-
tute, The University of Tokyd! Tokyo Gakugei University, The Asahi Shimbunsh&Kochi University

Subduction zone megasplays are known to act as tsunami-seismogenic faults and have been the focus of numerous geol
ical and geophysical research. Reflectance surveys and wave tomography reveal clear outlines of the megasplay in the Nanl
Trough, indicating low velocity zone along the thrust and the contrast in physical property and structure between the hanging
wall and footwall. Megasplay has been the target of Integrated Ocean Drilling Program (NanTroSEIZE), but the deep portion of
the megasplay has not been reached yet. Thus the nature and evolution of megasplay remain to be poorly constrained. On t
other hand, however, the fossilized megasplay fault now exhumed on-land, enables to directly observe and study the litholog
and structures from the outcrop. The Nobeoka Thrust in Shimanto belt, Kyushu Island, has been studied to be a fossilized mega
play fault, and present well preserved structures of fault zones from the seismogenic regime. To obtain geologic and geophysic
datasets to correlate with ocean drilling program, the Nobeoka Thrust Drilling Project was conducted in 2011. 255m of continu-
ous coring and geophysical logging was held, and the main fault core between the hanging wall and footwall was found at 41n
depth.

The purpose of this study is to present the results of core-log integration, focusing on the relation among lithology, structure
and physical property along the Nobeoka Thrust, emphasizing the clear contrast between the hanging wall and footwall.

Hanging wall (0-41.3m) is composed of the Kitagawa Group of phyllite of alternating beds of sandstone and shale, while the
footwall (41.37255m) is composed of the Hyuga Group of foliated cataclasite consisted with scaly shale, tuffacious shale, sand
stone, and acidic tuff. The main fault core between the hanging wall and footwall is random fabric cataclasite of "50cm thickness
and above and below, the damage zone close to the fault core is characteristic in the hanging wall and footwall. The hangin
wall damage zone (32.4-41.3m) is sandstone-rich, with boudinaged and fragmented structures, while the footwall damage zor
(41.3-53m) is clay-rich cataclasite with abundant fragments and less mineral veins. 5 lithologic units are classified in the footwall,
mainly by the variety of sandstone, silt, and tuff and its structures. Other than the main fault core, several macroscopic fault zone
are seen throughout depth in the hanging wall and footwall, which are included in each unit and partly influence the change ir
lithology and structure there. Tuffacious silt becomes abundant especially from Unit 3, across the fault zone at 112-118m.

Geophysical logging data correlates well with the lithology and structure observed above, and the contrast between the han
ing wall and footwall is particularly clear around the main fault core. Footwall presents higher values of neutron porosity
("7.6%) compared to hanging wall ("4.8%), while porosity is lowest (73.6%) towards/just above fault core. Resistivity is higher
at hanging wall (LN"507, SN"453, GD"400 ohm-m), followed by drop near fault core (329,268,315) and stably lower footwall
(308,232,310). P-wave velocity is slightly higher at hanging wall and fault core("4.3km/sec) compared to footwall ("4.2km/sec).
Temporary drop in natural gamma ray ("108API) and spontaneous potential ("39mV) are characteristic towards and just abov
fault core, while values are nearly constant at hanging wall ("123API, "55mV) and footwall ("122API, "57mV). Density does not
vary much throughout depth ("2.7g/cc).

Curve fitting of number distribution of logging data for each unit, and statistically significant values are obtained from nor-
malized distribution. To understand and estimate the physical property of megasplay fault from logging data, | recalculate value
using elastic theory of open cracks assuming the effective pressure to be 55 MPa representing those at in situ values of t
Nobeoka Thrust when it was active at depth.
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Physical properties at out of sequence thrust: Nobeoka thrust, Shimanto Belt, Southwe:

Japan
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To understand information from geophysical survey combining with natural rocks, direct measurement of physical properties
on natural rocks is essential. Mega-splay faults cutting whole accretionary wedges in the latest stage of deformation history il
subduction zone are commonly observed in seismic profiles. The mega-splay faults are developing around the shallower portic
of seismogenic zone along subduction plate interface, and penetrating to ocean floor in transition zone with higher angle of slop
topography between outer and inner wedges. Therefore, the mega-splay fault can be a boundary of physical properties of se
iments. The on-land analogue of the mega-splay faults is considered to be an out-of-sequence thrust, which cuts paleo-therr
structures. In this study, we measured physical properties of hanging-wall and footwall of the Nobeoka thrust, which is an on-lanc
out-of-sequence thrust. The samples were cored by Nobeoka thrust drilling project (NOBELL).

Nobeoka Thrust is a major geologic boundary between the Northern and the Southern Belts of the Shimanto accretionar
complex in Kyushu, Southwest Japan. The paleo-maximum temperature of hanging-wall and footwall is about 320?C and 2507(
respectively. About 70?C difference in temperature is observed at the thrust. The hanging-wall is composed of phyllite. Major
component of footwall is tectonic melange of terrigenious sediments and tuff. Damage zone related to Nobeoka thrust is de
veloped in the footwall. Minor faults with carbonate and quartz veins are densely observed in the damage zone. Cataclasite |
also identified in the damage zone in some part. Core was drilled about 250m long and Nobeoka thrust is located about 40m
depth in the core. The damage zone is ranging in the depth from about 40m to 110m. We classified samples into three, phyllit
in hanging-wall, cataclasite and melange in footwall. 5 samples for each were tested to get physical properties.

We have conducted P-wave and S-wave velocity measurement under controlled effective pressure. Effective pressure rang
from 5MPa to 65 MPa with 5MPa interval. In the laboratory test, change in pore water volume and axial displacement were
recorded. Porosity and density were also measured.

Obtained P-wave and S-wave velocities for phyllite, cataclasite, and melange are 4.71-5.01 km/s and 2.78-2.57 km/s, 4.4
4.76km/s and 2.38-2.48 km/s, and 4.48-4.76 km/s and 2.34-2.44 km/s, respectively. Vp/Vs for cataclasite is relatively low (1.85-
1.91) than that for others (1.90-1.95). Porosities for phyllite, cataclasite and melange are 1-5%, 2-10%, and 2-8%, respectivel
Density is almost constant for all lithologies.

Amplitude variations with offset (AVO) analysis were taken for the estimation of effective pressure. By comparison between
AVO parameters from seismic data and the elastic properties, appropriate effective pressure was estimated as about 50 MPa
hanging-wall and about 5 MPa in footwall. Although the coincidence between AVO parameters was not so good, at least, the
difference in effective pressure between hanging-wall and footwall is relatively larger. The bad coincidence is probably due to
anisotropy of elastic property especially in hanging-wall.

gooob:0boboogobobooboboooooo,bogg,bboboog
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Detecting time-dependent fluid discharge at the toe of the Nankai Trough accretionan

prism
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Micro-seismicity in incoming Philippine Sea Plate off Kii Peninsula based on ocean-

bottom seismographic observation
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Three-dimensional plate geometry and velocity models for the western Nankai Trougt
based on structural studies
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Ayako Nakanishi*, Norio Shimomuréd, Shuichi Kodaira, Koichiro Oband, Tsutomu Takahashi Yojiro Yamamotd, Mikiya
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Great interplate earthquakes have repeatedly occurred in pairs along the Nankai Trough. In order to reduce a great deal of dal
age to coastal area from both strong ground motion and tsunami generation, it is necessary to understand rupture synchronizati
and segmentation of the Nankai megathrust earthquake. For a precise estimate of the rupture zone of the Nankai megathrt
event based on the knowledge of realistic earthquake cycles and variations of magnitude, it is important to know the geometr
and property of the plate boundary of the subduction seismogenic zone. To improve a physical model of the Nankai Trough seis
mogenic zone, the large-scale high-resolution wide-angle and reflection (MCS) seismic studies, and long-term observation hay
been conducted since 2008. Marine active source seismic data have been acquired along grid two-dimensional profiles havir
the total length of "800km per year. A three-dimensional seismic tomography using active and passive seismic data observe
both land and ocean bottom stations have been also performed. This study is part of 'Research concerning Interaction Betwe:
the Tokai, Tonankai and Nankai Earthquakes’ funded by Ministry of Education, Culture, Sports, Science and Technology, Japar
The seismic survey was conducted off the Tokai area including the onshore survey across the eastern Kii Peninsula in 2012, tl
final year of this project.

Compiling those studies provides a three-dimensional plate geometry and velocity structure models of the western Nanke
Trough at the moment. Although their reliability and resolution should be evaluated, these models can be applied to a numerice
simulation to examine if the observed rupture zone of the historical event can be reproduced. We will also try to construct more
fine-scale model for the entire Nankai Trough area.
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Subducting structure in the northern end of the Nansei-Shoto Trench deduced from MC:!

profile and topography
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Application of back-projection method to OBS data for understanding rupture propaga-

tion of the 2011 Tohoku earthquake
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The rupture process of the 2011 Tohoku earthquake was remarkably complicated. To discuss what constrains the rupture pro
agation, it is important to clarify the space and time variation of seismicity before and after the Mw 9.0 event. High-resolution
seismicity around the rupture region of the main shock is required for such discussion. We used data from a dense array ¢
31 ocean bottom seismometers (OBSs) that were deployed before and recovered after the main shock off Ibaraki. The static
interval of the array was about 6km. Accurate OBS positions were determined by applying the LSQR algorithm to the acoustic
measurements between the vessel and OBS.

In this study, we tried to estimate the initial rupture area by applying back-projection method to these OBS array data.

First of all, we constructed a 3-D velocity structure model off Tohoku by compiling the results of marine seismic surveys (e.g.,
Mochizuki et al., 2008; Miura et al., 2005) and the tomography under the Japanese islands (Matsubara and Obara, 2011). In th
case, P-wave velocities are given to grid points at a horizontal grid spacing of 10km and a vertical grid spacing of 5km. Then,
we constructed a travel time field bounded by 35.5N - 40.5N and 141E - 144.5E (about 300km X 540km) with the same grid
interval. To refine the theoretical travel time field, we referred to precise hypocenters of aftershocks determined with OBS dat:
from aftershock observations (Shinohara et al., 2012).

After constructing the theoretical travel time field, we measured the array response function to confirm the resolution of the
apparent slowness vector arriving at the array, applied a proper frequency filter selected with consideration of the sediment und
each OBS, and estimated the initial rupture area of the main shock by projecting semblance values.

Keywords: the 2011 Tohoku earthquake, ocean bottom seismometer, back-projection
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Ahead of the 3.11, has the greatly east offing pushed the subducting plate really?
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nvestigation of slip parameters and fault slip behavior in the shallow part of subduction
zone on the basis of vitrinit
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Enormous earthquakes repeatedly occur in subduction zones, and the slips along megathrusts, in particular those propagat
to the toe of the forearc wedge, generate ruinous tsunamis. Quantitative evaluation of slip parameters (i.e., slip velocity, ris
time and slip distance) of past slip events at shallow, tsunamigenic part of the fault is critical to characterize such earthquake:
Here we attempt to quantify these parameters of slips that may have occurred along the shallow megasplay fault and the pla
boundary decollement in the Nankai Trough, off southwest Japan. We apply a kinetic modeling to vitrinite reflectance profiles on
the two fault rock samples obtained from Integrated Ocean Drilling Program (IODP). This approach constitutes two calculation
procedures: heat generation and numerical profile fitting of vitrinite reflectance data. For the purpose of obtaining optimal slip
parameters, residue calculation is implemented to estimate fitting accuracy. As the result, the measured distribution of vitrinite
reflectance is reasonably fitted with heat generation rate (Q) and slip duration (tr) of 16,600 J/s/m2 and 6,250 s, respectively, fc
the megasplay, and 23,200 J/s/m2 and 2,350 s, respectively, for the frontal decollement, implying slow and long-term slips. Tt
compare these slip behaviors with those in other settings of shallow part of subduction zone, we measured vitrinite reflectance ¢
fossilized analogue faults, exposed in the Miura-Boso accretionary complex (the Shirako fault and the Emi fault), and examinec
their slip parameters by the above method. The measurement is conducted by using a newly-developed optical microscopy whi
allows us to 2-dimensional reflectance measurement on polished slab samples. The obtained vitrinite reflectance profiles bo
show strong anomaly at the slip zones. The reflectance anomaly in the Shirako fault is also recognized at the outside of the sl
zone as is the case for the megathrusts in the Nankai trough. The numerical analysis yields slip velocity and slip distance ¢
0.14 cm/s and 5.17 m, respectively, under the optimal parameters set of = 14,500 J/s/m2 and tr = 3,600 s. On the other hand, t
reflectance anomaly at the Emi fault is limited only inside of the slip zone. This condition (i.e. the absence of reflectance anomaly
in the host rock) is taken as a constraint to determine and tr for the Emi fault. The estimated slip parameters are then compare
with previous reports. The maximum temperature, Tmax, for the Nankai megasplay fault is consistent with the temperature
constraint suggested by Hirono et al. [2009]. On the other hand, the calculated temperature contradicts the estimation deduc
from clay mineral analysis [Kameda et al., submitted]. This discrepancy might indicate that the Shirako fault has experiencec
two types of slips; faster slip which caused temperature increase only inside the fault and acceleration of illitization, and slowel
slip which keep a high temperature state for a while enough to heat up the host rock by thermal conduction. Two constraints ar
combined to estimate slip parameters for the Emi fault. One is that Tmax is 350-1100 C [Hamada et al., 2011], and another i
the absence of vitrinite reflectance anomaly in the host rock. Slip parameter ranges defined by these constraints are relative
faster slip velocity (" 1m/s) and shorter displacement (" 1m) than those for other faults. These results show large variation o
slip parameters in shallow part of subduction zone. Especially, slow slip velocity, long-term rise time and large displacement are
recognized in the three fault zones (the megasplay, the frontal decollement and the Shirako fault). These parameters are lonc
and slower than typical coseismic slip, but are rather consistent with rapid afterslip.

gogoob:bbooooob,boooobooobob,oobo
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Regulation of maximum earthquake sizes by the lithospheric rheology
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Shallow part of the Earth can be considered to behave as an elastic material such that earthquakes occur, whereas the dee
part deforms viscously. However, it still remains unclear how the seismicity changes with this viscous/elastic transition. On
the other hand, the rock consisting the Earth is frequently modeled by a Maxwell fluid which behaves as an elastic materia
when it deforms at a time scale which is sufficiently shorter than the relaxation time scale. Here we perform shear deformatior
experiments of quasi Maxwell fluid under different strain rates, and show that the same material can cause earthquakes associa
with elastic rebound as well as viscous flow. Around the threshold to cause earthquakes, both earthquakes in which rupture
propagate at a shear wave velocity and viscous relaxation occur simultaneously. The threshold is determined by the strain rat
relaxation time, shear modulus, and the adhesive stress. We construct a scaling applicable to a real faulting system by takir
account of the fact that strain rates depend inversely on the faulting length scales. Our scaling predicts that a larger fault ca
relax the accumulated stress more and the maximum sizes of earthquakes which can occur on Earth becomes around Mw 9. T
2011 Tohoku-Oki Earthquake (Mw 9.0) resulted in a huge coseismic slip, but was insufficient to reconcile all the inter-seismic
deformation since the previous earthquake. Our scaling suggests that this earthquake must be around the threshold and so
part of the accumulated stress has relaxed viscously prior to the earthquake. Our scaling also explains the fact that only sme
earthquakes show repeatability and magnitudes of the slow earthquakes are small. Another important feature of our scaling is th
the accumulated strain is not proportional to the accumulated stress. For an accurate risk assessment, accumulated stress sh
be evaluated rather than strain.

goooo:ggoobbooo,ogoo,0obooo,oooobouoooao
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During diagenesis process, incohesive sediments are compacted, lose porosity and permeability, and gain resistance agai
deformation. Understanding of evolution in the hydrological and mechanical properties during diagenesis is of essential im-
portance in considering deformation of a shallow part of the crust including accretionary prism. Pressure solution precipitatior
creep is one of the important mechanisms in diagenesis of sediments, and thus has been intensively studied. Previous stud
have established microphysical models and the constitutive law during compaction creep [e.g., Shimizu, 1995; Niemeijer et al.
2002]. In the present study, we put our focus on the evolution in the permeability and storage capacity during consolidation due
to pressure solution precipitation creep of quartz aggregate.

Recent studies [e.g., Noda and Lapusta, 2013] have pointed out the importance of hydraulic properties on the earthquake gen
ation mechanisms. In particular, permeability plays a cardinal role in thermal pressurization of pore fluid due to frictional heating
during high velocity fault slip. An important unknown is whether the host rock (or sediments) fractures with significant increase
in the porosity and the permeability or not. Such a property would depend on the degree of consolidation or diagenesis, as we
as confining pressure, temperature, and loading condition. In the present study, the focus is put on the effect of time-depende
consolidation or diagenesis on the mechanical and hydraulic properties.

The starting material is commercially available quartzite power the mean grain size of which is about 6 microns. We have pre-
pared the specimens from slurry by sedimentation inside silver tubes which are used as jackets during compaction experimer
with gas apparatus at Hiroshima University. The initial specimens have good repeatability in terms of permeability. Compaction
experiments are performed with distilled water as pore fluid and at 200 MPa confining pressure, 100 MPa pore pressure, an
temperature at most 550 degree C. Permeability and storage capacity are monitored continuously during compaction experime
by pore pressure oscillation technique [e.g., Fischer and Paterson, 1992]. The shortening of the specimen is measured by t
hit-point method from time to time.

After the consolidation test, we performed triaxial deformation test at constant load point velocity at room temperature. It
turns out that solution-precipitation process extend the elastic limit of the sediment pretty quickly. When the specimen is heate
up to 500 degree C by about 100 degree C/ 10 min and cooled down by a similar rate as soon as the temperature reaches &
degree C, the specimen shows peak strength about 300 MPa in terms of axial compressional stress applied in addition to the 1
MPa effective isotropic pressure. Note that an uncooked sample yields as soon as the axial compressional stress is added. In
present poster, the relations between the shortening and hydraulic properties will be discussed.

000o0oo0:0000,0000,0000
Keywords: Diagenesis, Deformation experiment, Fluid-flow experiment
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Reuvisit of dynamic critical taper theory for the Japan trench from the topographic point
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The March 11, 2011 Tohoku-oki earthquake (Mw9.0) is supposed to have fault rupture extending to the shallow part of subduc
tion zone at the Japan Trench. Various inversion analyses by using, for example, geodetic, teleseismic body waves, strong grou
motion or tsunami waveform, show large displacement near the trench axis.Moreover, bathymetric comparison between befol
and after the earthquake clearly demonstrated that the seafloor on outermost landward slope moved "50 m east-southeastwar
the trench and uplifted "7 to 10 m. Although the mechanism of such fault rupture is not clear, revisiting the structure, deformation
and friction properties at the base of the forearc will be key to elucidate this important issue.

Based on bathymetric and seismic reflection data (e.g., angle of slope, dip angle of the subducting plate) and physical stat
of the wedge and plate boundary (e.g., normal stress, fluid pressure, shear stress and coefficient of friction), Kimura et al. (201
suggested that middle slope and lower slope of the Japan Trench is in a critical state. Dynamic Critical taper theory proposed b
Wang and Hu (2006) improved the Mohr?Coulomb theory to show how stress state changes in terms of seismic cycle. Althougl
the shape of the wedge in the Japan trench is consistent with this theory, stress transition in the shallow region of the trenc
should be reconsidered.

Because of along-trench variability in the bathymetry and the direction of plate convergence, it is very useful to reconsider
relation of taper angle and the friction of the plate boundary at several profiles along the Japan Trench.

In this study, based on Kimura et al. (2012), we used a bathymetric data taken before the Tohoku-oki earthquake and re
examined the relationship between the taper angle and friction of plate boundary in shallow part of the Japan Trench. First, wi
divided the trench into three segments from south to north, and chose five seismic survey lines from each area, focusing on
specific range from the trench to the splay fault (*~ 20km). By applying the Critical taper theory to the individual cross-section,
and based on the assumption that splay fault behaves as a backstop, we discuss stress balance between the interior and base ¢
wedge, fluid pressure ratio, and effective friction coefficient of the plate boundary.Dip angle of the subducting plate is obtained
from images by seismic reflectance surveys, and by studying a broad range in the Japan Trench, we determine the deformati
process in the shallow part of the trench.
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Two alternative regimes in Nankai seismic cycles caused by depth dependent distributio

of fracture energy
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Great earthquakes have occurred repeatedly along the Nankai Trough in southwestern Japan with recurrence intervals
100?200 y. The magnitudes of Nankai earthquakes have varied throughout this recurrence history, with many studies to da
asserting that an event's magnitude is controlled only by the number of broken segments arranged along the Nankai Troug|
However, evidence for seismic slip on the shallowest part of the decollement has been found in cores from boreholes drille
along the trough. In fact, slip on the shallowest part of the plate interface became larger during the 2011 Tohoku earthquake
causing a devastating tsunami. Moreover, recent evidence suggests that large tsunami with recurrence intervals of several ht
dred years have occurred along the Nankai Trough. Therefore, it is now essential to reconsider the scenario of Nankai Troug
earthquakes, including the possibility of seismic slip on the shallow subduction interface. Recently, model calculations of the
interplate seismic cycle have been conducted using rate- and state-dependent friction laws. In these calculations, assuming h
erogeneous distribution of fracture energy in the seismogenic zone and its shallower extension, both massive earthquakes w
slips up to the trough axis and ordinary earthquakes in the seismogenic zone can occur in different seismic cycles. Here, w
apply a similar heterogeneous distribution of fracture energy in the shallower plate interface of the Nankai Trough. In the model,
we represent the difference in fracture energy by the difference in the characteristic slip distance L. To model the conventiona
seismogenic zone as a zone of low fracture energy, we set L to be 0.05 m at depths of 10720 km. Conversely, the shallow pla
boundary near the trough is modeled as a zone of high fracture energy. By applying various values of k[(G<0%m) in the
shallower region, we explain the effect of gaps in fracture energies on resultant seismic cycles. For small gaps in fracture energie
(0.05m<L<2.25m ), the rupture in the every earthquake propagates up to the top of plate interface. In cases of relatively high
fracture energies on the shallow interface (i.e>£ 2.25 m), however, two types of earthquake with different moment magni-
tude occur alternately. The recurrence interval of the larger type (i.e., that with the greater slip distance) is about 370 y, whict
is comparable to the recurrence interval of larger tsunami deduced from recent geological findings. Large coseismic slip (i.e.
more than 10 m) extends to the trough axis during the larger types. In contrast, the smaller one, whose seismic slip is distribute
only along the seismogenic zone, occurs after 200 y of the larger one. These results indicate the depth dependent distribution
fracture energy could be a factor which controls the large variation of seismic cycles along the Nankai Trough.

oooooO:0coboooobooobo,0o0coboboo,obooo,0oboooobooo,0o0o0b0ooo0ooaon

Keywords: numerical simulation, earthquake generation cycle, subduction zone, fracture energy heterogeneity, rate- and stat
dependent friction laws
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Dynamic Simulation of the Seismic Behavior on the Shallow Part of the Fault during
Mega-Thrust Earthquakes Part.3
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The recent mega-thrust earthquakes, such as the 2011 Tohoku-Oki earthquake (M9.0), the 2004 Sumatra earthquake (M9
and the 2010 Chile earthquake (M8.8) showed some distinct features. For example, huge slips on the order of several ten mete
on the shallow part of the fault without radiating short-period seismic waves (strong ground motions) are detected. Another is
that the deep part of the fault radiates strong ground motions (e.g. Lay et al., 2012). The feature of seismic behavior especiall
shown on the shallow part of the fault has been highlighted if the rupture of the mega-thrust earthquakes reaches to the shallo
part. Although various kinds of observations for the seismic behavior (rupture process and ground motion characteristics etc.) o
the shallow part of the fault plane during the mega-trust earthquakes have been reported, the number of analytical or numeric
studies based on dynamic simulation is still limited.

In this study, we carried out the dynamic simulations in order to get better understandings about the seismic behavior on th
shallow part of the fault during mega-thrust earthquakes. We used the two-dimensional spectral element method (Ampuero, 200
that can incorporate the complex fault geometry into simulation as well as to save computational resources. The simulation uti
lizes the slip-weakening law (Ida, 1972). In the simulation, we investigated the seismic behavior with changing some parameter
such as the critical slip distance (Dc), the material parameters, and the rupture directivity in addition to the stress drop whos
results are shown in Tsuda et al. (2012). The results of simulations are useful to get better understandings about the seisrr
behavior on the shallow part of the fault during the future mega-thrust earthquakes along the Nankai Trough, Japan.

Keywords: mega-thrust earthquake, shallow part of fault plane, seismic behavior, dynamic simulation, spectral element methoc
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3-D numerical modeling of temperature, fluid flow and heat flow associated with subduc-
tion of the PHS plate in SW Japan
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Constructing a three-dimensional numerical model, we investigated temperature, fluid flow and heat flow distributions asso
ciated with subduction of the Philippine Sea plate subducting beneath the Amuran plate, southwest Japan. We modeled realist
three-dimensional shape of the Philippine Sea slab by an inversion analysis using ABIC, using the geometry datum obtained b
high resolution of P-wave tomography and seismic reflection study. Subducion velocity was set to be 4 cm/yr during a perioc
from 7 to 3 Ma in the direction parallel to the strike of the Kinan Seamount Chain, and 6.32 cm/yr for the last 3 Myr obliquely
in the current convergent direction. The results showed the patterns of temperature distribution, fluid flow and surface heat flov
distributions in southwest Japan after 7 Myr of subduction. We found that the cooling effect brought by the Philippine slab is
remarkable in the portion on descent slope of the slab with a larger composite subduction angle. The distribution of interplate
temperature on the slab upper surface appears similar to the geometry of slab upper surface, indicating a corresponding relati
between them.. Flow velocity of the mantle substance near the upper surface of the Philippine Sea slab is lower than that of tf
slab, and oblique subduction resulted in convection in oblique direction beneath the Osaka Bay where a dip angle of the slab |
much larger than that beneath Shikoku. Subduction velocities on ascent and descent slope gradients are different, for they ha
a different composite subduction angle. Surface heat flow distribution is also affected by the slab shape. The cooling effect be
came large with increasing subduction time and slab length. To fit the observed surface heat flow distribution better in the mode
domain, we changed thickness of the continental plate and pore pressure ratio related to frictional heating on the plate interfac
and evaluated the simulated results using the least square method. As a result, we suggest that thickness of the continental pl
larger than 30 Myr. Pore pressure ratio larger than 0.95 is better for fitting the observation data. High heat flow anomalies ir
Shikoku and the Kii Peninsula and the low anomaly along the Seto inland sea exist according to the comparison to the results ¢
simulation.

Keywords: numerical simulation, temperature, fluid flow, heat flow, Philippine Sea plate, Southwest Japan
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Rock magnetism of Tsunami boulders and its implication to emplacement history.
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In Ishigaki Island of Japan, there are several tens of erratic boulders, consisted of hermatypic coral. They had been emplac
due to the 1771 Meiwa Tsunami and/or prehistorical Tsunamis, called Tsunami boulder. These boulders that originally had at
tached to the reef edge emplaced to the shoreline or reef flat. To reveal the age of ancient Tsunami attacks, recent studies he
conducted radiocarbon dating to Tsunami boulders and the result showed the population of five tsunamis since about 2000 yee
ago. Therefore, each Tsunami event might have transported or rotated Tsunami boulders more than once. However, radioc:
bon dating cannot discriminate subsequent rotations. To solve this problem, we propose the paleomagnetic strategy. When co
grows, the coral magnetized parallel to the Earth’s magnetic field due to the presence of magnetosome or detrital magnetite.
boulder have fine-grained magnetite, it is easy to acquire the secondly magnetization. Thus, the boulder obtains the new magr
tization as it moves and rotates. This new magnetization is called viscous remanent magnetization (VRM) and increases progre
sively with age like vector composition. Using progressive thermal demagnetization (PTD), these vector components are erase
young to old. Therefore, PTD can visualize the point of magnetic vector component changed and this point indicates the presenc
of Tsunami event. Furthermore, Neel's theory gives the formula that natural VRM acquired at low temperature over a long time
disappears at a high temperature in a short time. This formula predicts multiple Tsunami age is determined from rotation recor
of each boulder. Our result showed multiple points of vector component changed during 383K to 413K. This result consist with
emplacement mode of "Bari-ishi” which have been emplaced by 1771 Meiwa Tsunami. Our paleomagnetically-dated ages agre
well with the population of radiocarbon dating. Furthermore, the ages calculated by the demagnetization temperature of VRNV
are close to ages of radiocarbon dating, although remanence-carrying mineral should be a single domain magnetite. To reve
the magnetic mineralogy, we conducted Lowrie-Fuller test, X-ray diffraction, high-temperature hysteresis to determine the Curie
point. These allow us that the magnetic mineral of Tsunami boulder is of single domain magnetite. Therefore, our paleomagneti
strategy is valid for revealing the multiple transportation history of Tsunami boulder at Ishigaki Island.

Keywords: Tsunami boulder, paleomagnetism, viscous remanent magnetization, Neel’s theory, single domain
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A triple junction is a place where complex interactions of plates occur. The Pacific plate, the North American plate and the
Philippine Sea plate collide at the junction of the Japan Trench and the Izu-Bonin Trench, and the Sagami Trough. At thes
trenches and their vicinity, a collision of plates builds up strain and causes intraplate and interplate earthquakes. Those imprin
may have been preserved in the topography.

To understand the seafloor topography of the triple junction and its vicinity, especially spatial distribution of active submarine
faults, we made detailed seafloor topographic images based on 150m DEM processed from the original data obtained by Jap

Coast Guard and JAMSTEC.
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