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Simulation of the Complicated Patterns of Great earthquakes along the Nankai Trough
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Correlation between the interplate coupling and the spherical oceanic lithosphere bucklin

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

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

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

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

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

This is mainly because of the rheology response for the materials concerned, not only the slab segment itself but also th
passive viscous flow regime within the surrounding upper mantle layer as well as the overriding lithosphere.
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M=9.0 Tohoku Earthquake and tsunami; a new interpretation

opooo
MARUYAMA, Shigenori'*

lopoo0oo
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M=9.0 Earthquake:

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

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

Tsunami:

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

The river drainage system on NE Japan is remarkably different from SW Japan. Two major rivers, one from the north and
another from the south to transport the eroded sediments on NE Japan meet in Sendai to carry them in the sedimentary basin |
Sendai. This basin will periodically collapse, say, every 1000 years, to trigger tsunami.
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Reexamination of the tsunami trace of Hachijo Island in the 1605 Keicho earthquake
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Petrophysical properties of fossilized seismogenic megasplay fault
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To understand the evolution and fault mechanism of subduction zone megasplay fault branching from plate boundary, Nobeok
Thrust Drilling Project (NOBELL) was carried out in 2011. Nobeoka Thrust is known to be a fossilized megasplay fault (out-of-
sequence thrust) in ancient accretionary complex, located onland in Kyushu, Japan. In this project, coring and wireline logging
were conducted down to 255m in total depth across the Nobeoka Thrust. Continuous logs of resistivity, density neutron porosity
natural gamma ray, and optical/sonic images were successfully acquired along the borehole wall.

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

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

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

1/1



Japan Geoscience Union Meeting 2012 ~® ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgim

Union

SSS38-P14 go:booboboobo 00:50 240 15:30-17:00

Jobogobuoboboobtoobuobbooboobuobboooboood

00
llite crystallinity of the borehole samples penetrating the Nobeoka thrust, Miyazaki pre-

fecture, SW Japan

0000 ™ 00000 4L,00002,00002,0002,0002,000032,00003%000032%0000
3,00 004000040000°%50000°50000°5

FUKUCHI, Rina*, FUJIMOTO, Koichird, HAMAHASHI, Mari?, YAMAGUCHI, Asuka?, KIMURA, Gaku?, KAMEDA,
Jur?, HAMADA, Yohei?, HASHIMOTO, Yoshitakd, HINA, Shokd, EIDA, Mio?, Yujin Kitamura', Saneatsu Saito Yukihiro
Mizuoch?, Kazunori Hasg, Takayuki Akashi

lopooooo,?000000,3000000,400000000,°0000000000
1Tokyo Gakugei University? The University of Tokyo?Kochi University,*JAMSTEC,>Sumiko Resource Exploration &Devel-
opment, Co.,Ltd.

bobooooooboboboooooooboobobobooooooboboboboobooooboooboOoboon
CO000o0o0oooogoooog255mod0n0 41 /mob000oo00DoDOo00O0OoO00OoOOoOoOooOooOOooooOoO
O000O0O0O0O0OD0O0O0ODOOD0OOODODOOOOOOOOOOOOOO0 (Kondo etal., 20050

cooooooOoOoooOooboOobobo0ooo Xooooooooooooboooboooooooooooobooo
ooboooboobooooooooooooooooooooooooooboooboooobooooooobooooog
000000000000 O0OO0OOOoOooooo (lite crystallinity, IC) 00000

ICOO00O0D0ODO0.163 0.185A °26 000000000 0.678 0.701A °26 JODODO 0.369 0.550A °26 OO0
000000000000 00000ODO000000L0O WOoOO,200n0000000000000000000 315
-390 0000000000 209 21300000 240 27700000.0000000000O0DOO0OOODOOO
000000000000 3200000000000 2500 (Kondoetal,200p0000ICO000O0O0OO0O0O0OO
ooooboooo

tbobooooobooboboooooboooboobobobooobooooooboboboooooooooboboboo
gooooooooooooo IicoooooooooO0ooooO0oooop0UoooOoOoUoooOoUoooOoooo

ooooo:00,0000000,000
Keywords: Fault, Borehole core, Accretionary Complex

1/1



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

Geoscience
Union

SSS38-P15 go:booboboobo 00:50 240 15:30-17:00

000000000000000000000000000 _
Stress analysis on various deformation features in on-land accretionary complexes: Sh

manto Belt, Shikoku, SW Japan

oooo,oooot
EIDA, Mio**, HASHIMOTO, Yoshitaka

loooo
IKochi University

gooooooooboboooboobooooboboboooooooooboboooboooDobDoboboobooboog
gooooooboobobooobooobooooboboboobooobooooboobobooooboobDobOobobobooo
oobooobOooooooboooboooboooboooboooooooooobooooooooooooooboooogoon
ooooobooobooooboobooboobooooboobooboooboOoobooooooooobooboooobooobooo
gobooobooobooboooboobooboobooooobooboooboooobooboobooboooooboooboon
bobooooboobobobooooooobobobooooobooobooboboboooooooboOoboboboooon
oooobooooobooon

gboooooooooobooboboboboooooobooboboboooooooboboboobooooooon
oobooobOooobooobOooooooboooooboooooboooboooboooboooboobooobooobboooboooon
boocooooobobobooooooobooboboooooooboobOoboboooooooboobobooooon
booboobooboboooooobobobooooooboboboooooobOobOoboobooooboOonn
goooooooboobOobooboooooboooobob0obooboOooooooooOooDobDobDobOobOobDOobOO
oboooooooooobooboboboboooooooobooboboooobooooboboboobobooooooDo
obooobOobooooobobooobooboooooboooobooboooooboooobOobooboOoboOoon

oooooOoO0O00 MIMO Yamaji, 20000 0 HoughC O OOOOOOO HIMO Yamajietal., 2006 00000000
oboobobooboooooooobooooooboobooooooooooobooobooboooooOoooDboonog
gooooooooboooobooobobooooboooobOoooooobOoobboboobDobDoobOooooooMIM
goooboboooobooboooooboooooboooooHMDbODOOoooboboooboobooooDobooog
0000000000000 0C0OD0O000U0oooODOOo0UOdOmisftDO0000O0O0O0OHMOOO0QC0OOOOO
ooMMOOOOOOOOOOOOOOmisitOD0000000000000000ODO000O00O00O0O0g MM
oooooooooooooooooooooooMMDODOOOOOODOOOOOOOOODOOOOOODOO
ubooobOobooooboooooon

gobooobooooboooooooboobooobooooooobobooboooobDooobDbobOoobOooDboOoboog
gbooooboooboboboooooobooboboooooobobobooboooooooboboboooboooooDoon
O0000c,00000000D0CO00000DO®0 032Z000000000Dc,0000000DDOO0OO0ODO
OO0 0220 0000000000 ;000000DOCO0O0ODDOO0ODOOO®0 000000000000
0000000000000000e0 0450000000 0®000 200 s0/00 00 3000000000
gooooooooboboboooooooobobooooooooboboboooboooDOobDobDOobDobboooboOoo
gbooooooobobobooooooobooboboboobooooobooboboooboooobobOoboboobooooon
oboocobOobooboobooboboooobooboooooboobooooboobooooooboon

00 Angelier(19890 0000000000000 O0O0ODOO0OO0OOODOOOOOODOOOOOODOp’ OOOOODO
p'Op (0OAN)ODDOCOOpOOOOOOOOOOOOOANDOOOODOODOOOODOOOOOOOM 'O 01100480
oooooooooup'0 0407000000000’ 004038 J0000D00O0O00Op 'O 0.0910.230
gobooboboobooop’0b00ob0obob0ooobbooboboboobbooboobooobOobbOobooboDOoBboog
ocooooboop’000O0OOOO0O0OOO0O0ODOOOO0OODOOOOODODOOOOODOODOOOOODOE
oboo0oooOoboboboooooooooooboobooobooooooboobobobooooooooooOon
gbooooooboboboooobooooboboboboooooboooooboobobobobooooobooooboOonon
boboobobooboobooooboboooobobooooboobooooono

ooo0o0:000,00000,000,00000,00000,0000000
Keywords: paleostress, subduction zone, accretionary complex, melange, underplating fault, effective frictional coefficient

1/1



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

Geoscience
Union

SSS38-P16 go:booboboobo 00:50 240 15:30-17:00

Joodoodooodooddoodboodoodn
Development of geo- and fault-thermometer using a raman spectoroscopy tecgbuque c

carbonaceous material

0000 *, 000002000038 0000400004
HIDEKI, Mukoyoshi'*, KITAMURA, Manami?, HIROSE, Takehird, YAMAMOTO, Yuzuru*, SAKAGUCHI, Arito*

00000000 o00O000o0o,?00000000000onooo0o0onooon,*0o00000onoooonoononoon
0,*00000000
'Marine Works Japan Ltd?Hiroshima University?JAMSTEC Kochi,* JAMSTEC

gdoboobodbooooodouooobooboodoouooobobOoo oo bobOuooOoDoUon
00000000000 00000D0O0O00 Laughland & Underwood 1993, Sakaguchietal., 19960 0 000000
000000 O'Hara, 2004; Sakaguchietal., 2010 0 0000000000000 0O0O0OO0OOOOOOOOOOOO
000000000000000000000000000000000000000 1580ecn! 000000 GOO
001350cm!' 000000 D100001620c! 000000 D200000000 R2O=D1/[G+D1+D20 0000
00000000000 00DOOBayssac etal., 2002; Rahl et al., 2005; Aoyaetal., 2010 0000000000
gdooouobobooobooodooouobobooooooob oo oo boOobOooOod
O 33rc-65ecUudonoon

Od00000d00l.0000000o0dU0Do00U0ooUoU0Uo2.0000000000000O0ODOOO0OOOO
O00o0o3.0000000000000ooo000oo00oo000oo00ooo0O0 300oooooooooon
0000000000 00000000O0000000000000000000000001000000000O00O0
0000000000000 000000000000D00O0OO000000 50°Ccd (Yamamoto etal.,,2008)0 0000
000000000 150°CO 230°C Mukoyoshietal.,, 20060 000000000 30ccCO000OOOOOOOOOQ
00d00d00o0o0o00Uo0ooooU0U0Uo0ooo00Uouooo2000000000000DO0OO0OOUOOoOoOOn
O000oodooooo000oooo00ooooooo00U0oooo00Uo0ooDooo0U0oo3oUouooon
goowtvd D0 0oooooiowtvd D00 0000000000000 0000000000000000000ag
gbdobodooboooboooobooboobouooboob oo oo oObDUOoDbDUOooOobog
0000000000000000000000 D1,G,D2000000 1500cnm! 000000 D3O0OOO 400
00000000000000000000000000D100000000 1180cnr!Od001270cnT! 00000
1450cmm' 000 DOODOOO0OOO0O0OO0O0OO0O0O0O0O00O0O0O000000000000O00000000000000
O00ODO GO 200000000 GO bi1OoD20D30 4000000000000 O0OODOOOOOOOOOOO
0000000000 0o00ooo000oooo00oooblo00doooDoOo0oo0o 3000000 ooog 7d
gddboodobooooouooboooboooouoboooo

00dUdoooooo 4000000000 000000000000000DO00O00UOUO0OoDOoOOOOOoOon
000000000000 00oRrR2000000000000000000000O0O0O0OODOOO 7OOOOOOAoyaet
al., 20100 0 0000000000000 000000000000000000000000000000R20000
OD0O00OT(°C)=8.6rexp(%R2) C D00 0.98)0 000000000 DODOOOOR2000000000DY[0DO0ODO
70000000]0000000RODODOOOOOODDOOOOODOOOOOODODOOT(°C)=10.%exp(11.9R6)
(oOooo09UUIUIUODOODUUODODOODUDUOOREOOIDIOOOOOODOOOOOOODOOOOOOOOOOO
000000 ROUOOODOOOOO IOD00OC0U0U0O0OOOOUDOOOUOUODOODOUODOOUDODOOUOOOOOOn
0000000000000 00oReO0O0OCO0O0OOOOOOUOODOOOOODOOOOOODOOOOOOOO
gdobooooouoooood

000000000000 00000ooooo0000ooo0 700000000000 000000O0O0O0ORGBO
Jdd0oooo0dddooooododooDoo0do0ooooodoooooooooooseeco3orcooood
Od000dU00o0o000oooUUoood0oodUooU0Uoo0U0ooUUooOUUDoOUUooOooOOoooOooOg
oooo

o0000:0000000,000000000,000,00000,0000,000
Keywords: raman spectroscopy, vitrinite reflectance, carbonaceous material, geothermometry, frictional heat, fault rock

1/1



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

Geoscience
Union

SSS38-P17 go:booboboobo 00:50 240 15:30-17:00

0000000000000000000000000000000 _
Sensitivity analyses of slip parameter estimation to hydrological and thermal properties

oooo*oo0oo00%o000Y%o0o000tYooot,ooot!
HAMADA, Yoheil*, SAKAGUCHI, Arito2, TANIKAWA, Wataru!, YAMAGUCHI, Asuka!, KAMEDA, Jun!, KIMURA,
Gaku

l0oo0o000,?200000000,3000000000000000000000
IDepartment of Earth and Planetary Science, TThe University of Toklapan Agency for Marine-Earth Science and Technol-
ogy, 3Japan Agency for Marine-Earth Science and Technology, Kochi |

Sensitivity analyses of slip parameter estimation to hydrological and thermal properties

Yohei Hamadal, Arito Sakaguchi2, Wataru Tanikawa3, Asuka Yamaguchil, Jun Kamedal, Gaku Kimural

1Department of Earth and Planetary Science, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

2Institute for Research on Earth Evolution, Japan Agency for Marine-Earth Science and Technology, 3173-25 Showa-mach
Kanazawa-ku, Yokohama 236-0001, Japan

3Kochi institute for Core Sample Research, Japan Agency for Marine-Earth Science and Technology, 200 Monobe Otsu
Nankoku-city, Kochi, Japan

*x yhamada@eps.s.u-tokyo.ac.jp

Abstract

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

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

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

Finally, a novel core holder with a carbon fiber reinforced polyetheretherketone (CFR PEEK) body has been proposed an
developed. Medical CT scans for granite and sandstone samples containing a saw-cut fracture revealed that the core holder f
no adverse influence on image quality due to the small X-ray attenuation. Moreover, with medical CT scans using the new
core holder, a numerical analysis of single-phase flow was successfully completed on a fractured granite sample at confinin
pressures of 3-10 MPa, where real fracture porosities and permeabilities could be predicted within factors of 1.2-1.3 and 1.4-1.!
respectively. Although the maximum available confining pressure and sample size are currently limited due to the design, th
novel core holder with the CFR PEEK body enables CT scans on fractured samples under confining pressure without image noi
problem. Consequently, with the new core holder or a core holder having similar X-ray attenuation, the X-ray CT based numerica
analysis can be successfully conducted on naturally fractured samples under confining pressure, which should contribute to bett
understanding of fluid flow characteristics in the crust.
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Accretionary prisms and forearc basins are developed in the Nankai Trough, SW Japan. Many active faults are recognized ar
classified into five fault systems in the eastern Nankai Trough. The Enshu Faults System, the most landward one, runs over 2(
km along the northern edge of the Tokai, Enshu and Kumano forearc basins. Structural investigation of this area is important fo
earthquake disaster mitigation as well as understanding of oblique subduction tectonics. However, activity and distributions o
faults has not been well clarified.

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

We picked continuous reflectors and divided the formation into five units on the multichannel seismic profiles obtained by
JOGMEC, and carefully studied thickness changes of the units across the faults, which reflect fault activities. Approximate
positions of faults are estimated by discontinuities of seismic reflectors although fault planes are hardly recognized. Moreovel
geometry of formations beneath the lineaments identified on the sidescan sonar imagery suggests existence of flower structui
along fault zones. The formation thicknesses above the acoustic basement occasionally change across these fault zones
most cases, the formation thickness seaward of the fault zones is thicker than that landward of them suggesting transpressi
deformation. However, time and space distribution of unit thickness changes imply that fault displacements are not uniform
along each fault zone. In order to know the recent fault activity, we carried out deep towed chirp subbottom profiler survey. In
the base of the steep slope corresponding to the strong lineament, the shallow sedimentary sequence exhibits seaward diverg
shape of reflectors. These depositional styles indicate recent activity of crustal movement by faulting although a fault plane i
not recognized in the shallow sediment. In contrast, the dimmed seismic reflectors with tiny displacements were observed in th
upper part of the slope. Shallow extension of the fault planes and existences of cold seep previously observed by a submersit
survey suggest that these fault systems are still active at present.
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Accumulation process of earthquake-induced turbid layer in the slope basin -An exampile
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Earthquake shaking is one of triggers for submarine slope failures and causes sediment redeposition in the base of the sloj
Sedimentary section of the slope basin in an accretionary prism continuously and well records past activity of earthquakes fo
a long term and with a high accuracy. Therefore, it is one of useful proxy to understand coseismic geological phenomenon
However, it is inferred that earthquake-induced turbid mud settles out so fast. In this study, because sedimentation processes
earthquake-induced sediment are not well illustrated so far, | am anaryzing settling processes of earthquake-induced turbid mt
in deep sea.

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

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

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

Data

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

Relocation and Tomography Method

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

Results

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

Keywords: PHS plate, seismicity, subduction, OBS, waveform cross-correlation, tomography
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Operation and Construction of Dense Oceanfloor Network System for Earthquakes an

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

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

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

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

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

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

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

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

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

Finally, the measured reflectance of vitrinites included in breccias derived from one formation under the seafloor and the ag
estimated by previous studies give us absolute maximum temperature of breccias. We calculated the depth of one formation t
using the value of temperature and the geothermal gradient of this area before mud diapir brought in the formation as breccia
The depth is about 1900 meters under the seafloor. We expect that the source depth of the mud volcano is more depth than 19
meters depth.

00000:000,000000,000000000,00000,0000A0
Keywords: mud volcano, mud diapir, vitrinite reflectance, subduction zone, Nankai Trough
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Subbottom structures in the region causing the huge tsunami during the 2004 Sumatr:

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

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

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