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of the crustal composition
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In this study, we perform 3D modeling of the electromagnetic data to investigate major tectonic
structures beneath the Marmara Sea. The Marmara Sea and surrounding region located in northwestern
Turkey were formed as a result of closure of the Tethys Ocean and following extension and
strike-slip regimes. This region accomodates the northwestern branch of 1600 km long North
Anatolian Fault (NAF) that represents the main transform boundary in Turkey. NAF runs parallel to
the northern coast of Turkey and reaches to the Marmara Region as three branches. Historical
seismicity catalogues suggest a westward migrating pattern of destructive earthquakes along the NAF
as well as a seismic gap within the Marmara Sea. Following the last two devastating earthquakes
(1999 Izmit and Duzce earthquakes) that occurred at the eastern edge of the Marmara Sea, an
increase in seismic energy on the Marmara Sea branches of the NAF have been monitored. Although the
NAF and its branches on land are well investigated, their lateral and vertical extension within the
Marmara Sea still remains elusive. Our knowledge of the continuation of tectonic structures in the
Marmara Sea has a crucial role on understanding stress accumulation and geodynamic evolution after
closure of the Tethys Ocean that has not been well uncovered yet. Earlier on- and off-shore
magnetotelluric (MT) studies showed that MT method could be very efficient tool for the
investigation of electrical resistivity variation that is now considered to be an important
parameter to reveal tectonic structure of the Marmara Sea. Thus, we performed the MT method using
ocean bottom electromagnetic (OBEM), wide-band and long period MT data set collected within and
around the Marmara Sea. Totally at 27 sites continuous electric and magnetic fields were recorded.
Phase tensor analysis and induction arrows show complexity of the structure especially at shallow
depths and indicate that a 3D analysis of the data is required. They also represent existence of
conductive anomalies beneath the Marmara Sea. 3D modeling results indicate high conductive
anomalies, which are separated by resistive zones laterally, at crustal and upper mantle depths.
Locations of these resistive-conductive boundaries clearly imply the trace of the NAF on land.
Conductive and resistive zones can mark the regions with fluid rich and fluid free zones,
respectively, and those regions are considered either to triggger easily a large earthquake or
accumulate stress in the brittle zone of the crust. Resistivity variations resolved in this 3-D MT
modelling study imply a continuation of the tectonic zones underneath the Marmara Sea in a similar
fashion as observed from earlier 2-D modelling of land stations in the east.
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Geophysical observations have been conducted to study the composition, structure and dynamics in
the island-arc continental crust. Detailed profiles of seismic velocity and electrical conductivity
have suggested that fluids (mostly aqueous fluids) exist pervasively within the crust. Spatial
variations in velocity and conductivity are primarily attributed to a spatial variation in the
fluid volume fraction. Cracks must be a key component of pores to govern velocity and conductivity
at upper- and mid-crustal depths. Based on laboratory experiments, most of cracks have aspect
ratios of less than 107°. The variation in velocity must be caused by that in fluid volume fraction
of 0.1%. The spatial variation in conductivity is often up to 4 orders of magnitude. This large
conductivity change must occur within a narrow range of the fluid volume fraction. If the
connectivity of fluid is identical, the conductivity is proportional to the fluid volume fraction.
A small change in the fluid volume fraction cannot make a change of orders of magnitude. The large
change in conductivity requires the increase in connectivity of cracks with increasing fluid volume
fraction. I will discuss about the connectivity of grain boundary cracks and its implications for
seismic velocity and electrical conductivity.
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High resolution color holography of the crustal structures by means of elastic and
electromagnetic ACROSS: A perspective view

YHEE X

*Mineo Kumazawa'

1. RRITEXPHIRE DA FERT
1.ELSI, Tokyo Institute of Technology

ACROSS is an acronym of ‘accurately controlled, routinely operated signal system’, which is being
used to detect the subtle temporal variation of the underground structures by elastic wave signal.
Whereas seismic ACROSS has been deployed at serval sites, complementary electromagnetic ACROSS has
not been payed attention to be implemented. Furthermore, currently operating seismic ACROSS does
not appear to exert its high potentiality expected theoretically. Recognizing the substantial
potentiality of the simultaneous implementation of both seismic and electromagnetic ACROSS, the
present author has kept working with several coworkers towards the better implementation strategy
of ACROSS technology.

Recently (2014) we convinced to have found a reasonable way to utilize the potentiality of ACROSS,
and started to work with ERI and ELSI (TITECH) to design the detailed tactics and strategy. We have
a set of two important factors: (1) designing of implementation technology of ACROSS and (2)
development of an ‘operational digital wave theory’' expected to enable us to invert the big data
acquired by ACROSS to ‘color holography movie of anisotropy’.

The current state of technology and its prospect are reported in this presentation.

(1) A dense array of both seismic and magnetic sensors combined with a sparse transmitter array of
seismic and electromagnetic waves would provide us with such observation data on anisotropy and
color (frequency dependence) holography of the crustal structures. As a matter of course, spatial
resolution of color and anisotropy depends on the designing of the observation system, frequency
range of operation, and also on the time period of data acquisition.

(2) An operational digital wave (ODW) theory developed in this work is quite different from the
routine method commonly used on the basis of finite difference approach on wave equation with a
weak form. By introducing a hyper-function calculus, differential equations of both elastic and
electromagnetic waves are converted to the algebraic equation in wavenumber space in ODW theory. By
introducing a sequence of finite discrete coordinates, an efficient iterative innovation strategy
is realized for both forwards and inverse computations.

A set of ACROSS technology and ODW theory would promote the transition of the current
‘phenomenological dynamics’ to the qualified dynamics based on the physical properties of material
under tectonic stress with sound physics and observation background. A good test field may be the
source area of the 2000 Western Tottori Earthquake, where fluid migration dynamics along the
subsurface fault zone may be traced through the observation of temporal variation in the anisotropy
of conductivity and polarized shear wave velocities. Note that the high quality observation is
essential for the modern tectonics studies.
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Fluid path in the lower crust
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Compositional variations of the Arima-type and associated spring waters in the Kinki
district, southwest Japan: Implications for origin and upwelling process of deep brine
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Rare earth elements (REEs) of the spring waters upwelling in the non-volcanic fore-arc region of
the Kinki district in southwest Japan have been investigated to assess their upwelling processes
and deep-seated origins [Nakamura et al., 2014; 2015]. In this study, a principal component
analysis of the REE data has identified three principal components (PCs) that cover 89% of the
entire sample variance: (1) PC-01, which corresponds to a dilution process by which fluids are
introduced at low concentrations, previously represented by major solute binary trends, including
'80-6D systematics; (2) PC-02, which is a precipitation process of REEs from the brine; and (3)
PC-083, which is an incorporation of REEs from country rock by carbonic acidity, although the types
of country rocks may also have a significant impact on the spring water compositions. Based on
these three PCs, together with the major solute concentrations and hydrogen, oxygen, and helium
isotopic compositions determined in previous studies, five distinct types of spring waters in the
Arima and Kii areas have been identified: (i) “Tansansen”, (ii) “Kinsen”, (iii) “Ordinary Arima”,
(iv) “Ginsen”, and (v) “Eastern Kii”. These five types probably represent (ii) a deep brine, (iii)
an evolved deep brine that precipitated REE-bearing minerals, (iv) a mixture of (iii) and meteoric
water, (v) a meteoric water carbonated by deep gas derived from (ii), and (i) a spring water
similar to (v) with a more significant influence of the country rock constituting the aquifer.

A comparison of the spring waters in the Arima and Kii areas revealed a systematic geographic
distribution. The “Ordinary Arima”-type occurs along the Median Tectonic Line, and the “Eastern
Kii”-type occurs in the eastern part of the Kii area. The latter seems to upwell in the restricted
region where deep low-frequency tremors are observed. We suggest that the geographical
distributions are linked to the tectonic setting and/or temporal evolution of fluid upwelling.
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Fluid flow in the southern termination of the Bolfin fault of the Atacama Fault System,
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Dynamic interaction between mantle convection and water transportation in subduction zones
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The effects of water on subduction dynamics, e.g., plate migration rate, slab geometry, stress
field, and back arc spreading, are investigated by using a 2-D self-consistent model for
lithosphere subduction and whole mantle convection. We solve water transportation coupled with
hydrous mineral phase changes. Mantle flows and water transportation are interactive through
constitutive and state equations for hydrous rocks. Our model has successfully reproduced the water
distribution in a mantle wedge and along the slab with sufficient resolution comparable to that of
previous models that focus on the mantle wedge structure. As a result, low density owing to
hydration reduces subduction rates, back arc spreading, and slab stagnation on the phase boundary
at 660-km depth, whereas low viscosity owing to hydration enhances rapid subduction, trench
migration, and slab stagnation. We attribute these results to mechanisms that cause the hydrous
buoyancy of subducting plates to reduce the slab pull force and the accompanying tensile stress on
overlying lithosphere. In addition, hydrous weakening diminishes the mechanical coupling of the
subducted slab with the wedge mantle and overriding lithosphere. Thus, water is capable of
generating two opposite situations in the stress field of the overlying lithosphere and the
subduction rate. Water is therefore expected to be an important mechanism for generating broad
styles of the subduction structure and kinematics, as observed in actual subduction zones such as
Tonga and Mariana, comparable to other tectonic forces such as overlying plate motion. Water in the
mantle is thus a key to a better understanding of the whole mantle-scale slab dynamics as well as
island arc volcanic processes.
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Evolution of the Median Tectonic Line, Mie Prefecture, south-west Japan and implication
for weakening in a large-scale fault zone: a tentative model
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X—=IV—=V) RE LD, LHAL, ZORYOF 1 LRICEBDIRVADS DL —Y 1 FEMBEERICRET
o (3) WO L—Y1rE, BEEOEBREEEICFRANDIOL—Y 1 RCE{LLTUVL, Ffz, MTLITASDS
ABOL—Ya kR, DILESYrOF1ROBEE (O35 L) BRBHS5NSD (Jefferies et al.,

2006) . (4) ENBORELELTIONYOF 1 LARISHIEROMER (rupture) (KD TERINZEEX
5N dpulverized rocksRERINE, UEDBRREEZE(CEDE, MMLOKBS LOMBENIELICDVTRD
KOHEERETOIE, MTLIZRY), EMEEFEHOBRICRARANDEVNEI XY REELTEBRIN, ZNURU Y
DUTHIE, TSHCEMADEBMEECEICAHAIDOL -1 FEDIBHMMEMU 2o RYICMTLAVER S NS, HEiE
— MBI AET VS0 NMEEADEREERNSFEINDEZTIENL, DILESYrOF 1 ~E
BEnc,. ULAL, MEMRIEICKDASIL—Y 1 EANERSIND ERENRZEL, ER - MTIYHABRE
LU CEREHMET T B(EIN, ENBBTEETDILDICHED, A9 L—Y1 EDSEEHNE>TZ. FIRA
HOL—Y ~OEBIEIFEERE (FERE) (CEELL, ENABERNEE(CE > EERT, 5D
L—Y1 BT dE, ZORTRIGHASESHEVDOTHEEZRC BT, AEORBRRE (CIGHMNES
L, ZCTHERELBLDICEDEe COLSEBEMEDRINTAHIOL—Y 7 ~EORNMEMLZE
3L, BE, 199 LS REORICOIVLSYrOF 1 COBERHDCEN, A D L -1 B
B DR T U e I EMBIRORIA NSO L -1 R EEITZI IO YrOF 7 LCRHSNBHEE
EEHELEHBAET DI ENHEKD,

F—DO—F  hREER. KREEBEFOTL. DO~ EDBAER. Hra

Keywords: Median Tectonic Line, weakening in a large-scale fault zone, cataclasite, pressure
solution, pulverized rocks
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AEFEE, HE=IECH(TERREESRDEER EK-ArFVRIE (C X BIEERER
Kinematics and K-Ar geochronology of the Median Tectonic Line of western Shikoku,
south-west Japan.

2l B T & K AFL RS &S

*Yasu'uchi Kubota'?, Toru Takeshita®, Koshi Yagi®, Tetsumaru Itaya’
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HARKOKETH SHIUEER (MTL) (X, HE=42 (66-26 Ma) OKIEESNCARBALRMZ(). Kubota and
Takeshita (2008)(3, HEE=HEICH(TBMILOEENRFAR(IE, 63-58 Ma (T1/ /11T T —X)&45-25 Ma (SEiBEB
J1—X) ICXPTEBCEETRLIZ. CNETIC, MTUBAVDOEERBEICDVWTY Y I~BE - B8R XXT—Jb
DIAEICEEDNVT, m/INT T —XEMTLAKRBLERTEES) (Kubota and Takeshita, 2008) &=1T5&EE)
BiECHhd L, BICHKEBET 1 —X(&, MTLICFT~RTESIT SNFEOMEE (RAKE, ) EWE, &HE
JWE, FRFHES) NEETFNEKEES (BH - 17,2015 (CXDERINESRETH S ERU

. COESIC, ABEZRLICHIFTINTLOEERIIBASIN D DH DM, SEELDEFEMLERFHEEIEEL T
WK IWEBRSH D, BHEMETIE, MTUAVOKBRL T (C DUV TK-ArEMRIE(IC K D 6oMafiZIC EREDE—O M
BoNTUVSM (KEHftl, 1989%F) , EHOEEIFEE RT & SILAEBRT DL,

CDIzHAMETIE, SMBEEHOEREBDICEEBNELT, VY I~BE - BR AT —ILORAECED
WT, BELZEFREOELNEE UELVEPRCERL BT OK-ArfEURAIEZ R U e, BIENR

&, WMBEBEICEINDERINIEETSTRENRETD. COREFENEREL, HBELLEEHEETD
WEBOHRHC(FIRBYEr ST RREELTHD, SRNSBEEIST DB EDRT D EHNRELCETH
3. COrS, AEEEIEEFREED, MBEESHOFERLIDEHVRAEBELSD. S1&, RUS1 TR
E{T O CEOKMBOESFFREETEIDIFECTHD. &H, 1T LTIZSHY 3y

(0.2-0.4, 0.4-1.0, 1.0-2.0um)DRIFRICBIT B 7S 7 NFERBEEREIT S ET, KRICKBIEREDELN
RUSATDELWEBFIDFETHD. X112, KU1 FICLIBFRIOK-ArERBIEBEERT. 2D
FERAENSBESNBIERER, MTLOT/NNT T —XEFBH T T —XDIFEAE L DEMICIBIETE 3 CHRF
Tns.

Kubota, Y., Takeshita, T., 2008. Island Arc, vol. 17, p.129-151. ; &M - 4, 2015, BHAMEZSE
MASEI1NFREMASEREE p.125.; S%H B, 1989. MEREBAAE, 40, 12, p.661-671.

F—OU—R hREBER. BB ESE. C-ArERRIE

Keywords: Median Tectonic Line, Paleogene, Kinematic history, K-Ar geochronology
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Table 1 Result of K-Ar dating

Sample Mineral Grain size K content Rad.*Ar K-Ar age Non-rad.*Ar
No. (pm) (wt.%) (10%cc STP/g) (Ma) (%)
0.2-0.4 5.886 + 0.118 1054.6 + 11.3 456 £ 1.0 9.0
% OK-1-A3 llite 0.4-1.0 5.822 £+ 0.116  1069.7 + 11.5 46.7 £ 1.0 8.1
E 1.0-2.0 5.562 + 0.111 1046.2 + 11.0 478 £ 1.1 7.6
§ 0.2-04 4.927 *+ 0.099 791.7 £ 10.0 409 £ 1.0 19.5
g OK-1-A5  llite 0.4-1.0 4.900 £ 0.098 7940 + 9.8 413 £ 1.0 18.9
1.0-2.0 4.871 = 0.097 802.0 + 9.8 419 £ 1.0 18.5
§ W 0.2-0.4 5990 £ 0.120 1410.0 + 15.3 59.7 + 1.3 9.5
g% SG-2-A3  llite 0.4-1.0 5.620 + 0.112 1453.6 + 15.4 655 + 1.5 8.0
» 1.0-2.0 5.149 + 0.103 1403.9 + 14.9 68.9 + 1.5 7.4
o I 0.2-0.4 5917 £+ 0.118 1589.7 + 16.3 679 £+ 1.5 4.6
E'g YY-1-A4 illite 0.4-1.0 5415 £ 0.108 15924 * 16.3 742 + 1.6 4.8
= 1.0-2.0 5.046 + 0.101 14855 + 15.3 743 £ 1.6 55
0.2-04 6.495 + 0.130 1288.0 + 13.4 504 + 11 6.3
§ YA-1-A1 illite 0.4-1.0 6.229 + 0.125 1336.5 + 13.9 545 + 1.2 6.2
1.0-2.0 6.080 + 0.122 13275 + 13.7 554 + 1.2 59

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG@63-11 -
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K-Ar dating of fault movement in clay rich gouge: an example from the Alpine Fault at
Gaunt Creek and Waikukupa River, South Island, New Zealand

*Horst Zwingmann', Martin Timmerman’, Masafumi Sudo’, Roland Oberhansli’, Virginia Toy’

1.Department of Geology and Mineralogy, Kyoto University, 606-8502 Kyoto, Japan, 2.Institute of
Earth and Environmental Science, University of Potsdam, D-14476 Potsdam, Germany, 3.Department of
Geology, University of Otago, Dunedin 9054, New Zealand

The occurrence of synkinematic and authigenic clay minerals, in particular illite, is a common
feature in neotectonic fault gouges. Numerous attempts have been made to date fault gouges [see
summary in Zwingmann et al., 2010]. We present new age data for synkinematic illite growth in two
fault gouges from surface exposures of the Alpine Fault at Gaunt Creek and Waikukupa River, South
Island, New Zealand. The Alpine Fault in the South Island of New Zealand marks the
Australian-Pacific plate boundary. An amphibolite-facies mid-crustal ductile shear zone (mylonite
series rocks) in the Pacific Plate hanging wall is exhumed along a current brittle fault marked by
cataclasite and fault gouge.

Size separation combined with mineral characterization (SEM, TEM, XRD, LPS) enables to identify
suitable samples for isotopic dating. Investigations of two <2 micron illite gouge separates from
fault gouge samples collected from surface exposures at Gaunt Creek and Waikukupa River yield K-Ar
ages of resp. 4.1 0.4 and 1.9 +0.2 Ma, corresponding to the late Pliocene. K-Ar illite ages are
consistent with well-defined field constraints and within error similar to c. 1 to 2.5 Ma 40Ar/39Ar
ages for micas from hanging wall metapelites and amphibolites and to published K-Ar mica and
near-zero apatite fission track ages. The corresponding illite and mica ages suggest that hanging
wall rocks were rapidly exhumed and cooled c. 1 -4 Ma ago with coeval exhumation resulting to
extensive hydration in the brittle part of the Alpine Fault documented by illite authigenesis.
Argon diffusion modeling supports the cooling timeframe. The ages of fault gouge illite provide
absolute time constraints on the youngest, retrograde, neotectonic movements on this part of the
Australian-Pacific plate boundary. This study highlights the potential of isotopic dating of
synkinematic illite to determine upper crustal deformation events.

Zwingmann et al. 2010. Geology, v. 38, no 6, 487-490; doi10.1130/G30785.1

Keywords: fault gouge, Illite K-Ar dating, New Zealand
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IR FEBICH (T B EIMTR OFRERRT © /LD T —JbEB, EidsfjordBErE
Development of shear zones in the lower crust: Eidsfjord shear zone, northern Norway

*BE 8T B e #tE BEF
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1.Department of Geosciences, Graduate School of Science, Osaka City University, 2.Research
Institute of Earthquake and Volcano Geology, AIST, 3.Research Institute of Geology and
Geoinformation, Geological Survey of Japan, AIST

TEBthRR(C H (T D EEFEDRERINE, WROL A 0OI —PAEMEDHREBRECHVTREEELHINREME
THBCENDDST, ZOREFFEAEDDNDTUVLL. ZDH, TEMRRICH (T DEMTEDBFMED
AEPEHRELEEASNCITICENBEBOFEELO>TULD. COLDSLHBEEREIFS, THHRM
L<EBEUTULIHIEICS (TE3BARBE ZNICED ERHEE - BIRRREE LS. AAKRTE, TEBIbRR
MLKBHLULTWS /LD T —1688, OT 7 —7F VEEDLangeyaltliBcHF W THNABZXRML, ZBER S
(BBEOL—Y+k, YvrOF1k, Y2—RI9FS5q ) BRZENLUZ. AFEMEICE, MRIXT—)b
DTFHYVFAVRREEINTHD, ZNICHESITYI—RIFSAEEOEEEREINTHD (e.g. Markl
1998; Plattner et al. 2003; Steltenpohl et al. 2011) , THERMIRNDERBREZMFEI SNDICEL TULS.
AREBEHIR(C(E, B EESBEARREETE VY IENRLL2HEL, ZORBICIEBTCY FHSEA—RILDB
FRAVSE BT NS HERSH 5 NS . EUEKHFENE U SR ovrOFr ~hoigsd. BivrO7r
1 SMIEICFEIRIEZEIISS pm (BAKIZ50 pm) OREARPLC(-richBEEA, BEL, EEF, BER, E&AH
51535, MKV 0OF 7 ~IEICFEIRERL imORERP(L-rich ARG, BEG, EES, HES, Y50
A, RARSTEHNSEED. RRAGEETFEESHRICHRUZER (PRI ~2) EE2ET DN, KEh
SEEEE DBERAEMZE RY K DILHEBIIRHSNEL. iR vrOF 1 (&, BREn/iziEi (= V2
EB) ORERAER—JT OO0 S ACRRHONDIBEARHD. BEEOMANRAFHREFTFNREREEZT
3. BEBECR—J 003X OREAE TIHMEEBERMRELD, BEOAREVAMEZRY. R—TJ 00
SXMHICHKET B ISV I EREIT SMNRRAEESCRARICEINERZET SN, MRREGEZD
RREROBHE L CHRINRER T OB ICRHNEERAMBRIERH SNEL. S OMEBIERIRA DMK
BIFEC, BINBRBRCTRIEBRICELDICEETRETS. BV rOF 7 ~CEINBIREAEGLIELEHE
BREEEEZERS, 17@R—J 005X MRRAERABEOSVAMEZFIDODICT LT, U LOAMETH
KvrOF7 ~OEBOMEACHELLEERY. Ml vrOFr ~OERRE L, RNERE-BRAEERES
(Holland and Blundy 1994) &5 OO/ —-ARA-RNEG—BHEESIET (Kohn and Spear 1990) &FIUL\THE
R, ~700 °C, ~800 MPaZ&ES/c. EBSDIC K BiEEANMEREITOER, MAIvrOF 1 ~OEERUNEKY
077 FORRAESHTEZELIBFERES (LP0) ERILVZH, ENSESRDOEREEIRIRKE
BOU—T (HEO ) —TEULLFRARTARD) THolzeEXS5NS.

CNONHERBRIE, THEIRR(ICH OV TIEMEIMT SBAINICHEZEL, ZOEEMEEBEIBRRE RIEDRALE
BAERIC K > TR S NEHRIBMRADRREEFER D) —TTHOECEERET D, KH, CDRERKER
D) —FERRADORFENABEZVOVIGELIBETEAMNTH > IEEX5NS.

5|F3ZHA  Holland and Blundy (1994) Contrib Mineral Petrol116:433-447; Kohn and Spear (1990) Am
Mineral 75:89-96; Markl (1998) NGU Bull 434:53-75; Plattner et al. (2003) Contrib Mineral Petrol
145:316-338; Steltenpohl et al. (2011) J Struct Geol 33: 1023-1043

F—O—F I FERRLAOI— BBhOEVYrOF 7~ TS
Keywords: Rheology of the Lower crust, Gabbroic mylonite, Deformation mechanism
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BADRERNEEZR L ICRNEEITNKEE T O TERRICH (TS B AKEFHE
Shear strain concentration mechanism in the lower crust below an intraplate strike slip
fault based on rheological laws of rocks

iR 2E . B B
*XUELEI ZHANG', Takeshi Sagiya'

1. BEBRPRIBZMHER
1.Graduate School of Environmental Studies, Nagoya University

The existence of the shear zone in the lower crust under an intraplate strike slip faults has been
suggested by many studies. To understand the structural characteristics of the shear zone in the
lower crust under an intraplate strike slip fault (slip rate of Tmm/yr) and its temporal evolution
in a geological time scale, we have been conducting 2-D numerical experiments. In our previous
study (Zhang and Sagiya, 2015), stress singularity appears at the bottom of the upper crustal fault
where stepwise velocity was assigned as a boundary condition. To avoid the stress singularity, we
introduce a yield threshold in the brittle-ductile transition. We also add the fault fictional
heating to better evaluate the amount of heat generation due to fault activity.

Calculation with wet anorthite rheology show that the viscosity of the brittle ductile transition
is about 10% Pa*s. The brittle-ductile transition is located approximately at 19 km depth,
consistent with the cut-off depth of seismicity in the continental crust. On the other hand, for
dry anorthite, the depth of the brittle ductile transition exceeds 25km. Therefore water is of
importance in making the lower crust weak. Calculated temperature rise for 3Myrs is 15 K for wet
anorthite and 22 K for dry anorthite, much smaller than a case of interplate fault (e.g. 30 mm/yr
slip rate). Frictional as well as shear heating has very limited effects on shear localization
under an intraplate strike slip fault. Grain size is another factor that controls the rheology of
the lower crustal rock. While grain size determines the effective viscosity of diffusion creep,
grain size varies both in time and space as a result of dynamic recrystallization and dislocation
creep. In our calculation, grain size obtained from a stress dependent constitutive law ranges from
several micrometers to several millimeters. On the other hand, grain size determined by balancing
the shear strain rate of diffusion and dislocation creep ranges from several tens of millimeters to
several centimeters. These results provide constraints on the physical mechanism of ductile flow in
the lower crust through comparison with the rock sample originated from the lower crust. Our model
suggests that for intraplate strike slip fault, lower crustal shear zone is produced by the stress
dependent nonlinear rheology and shear and frictional heating has negligible effect on the
deformation of the shear zone.

F—OU—F THEIHR. SAKE

Keywords: Lower crust, shear zone
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SRINFEHTEHET BIERS LOBERERE LR EZRBEEEDHR
Contrasting low and high speed exhumation and metasomatic banding in the Sambagawa
metamorphic belt

*E3g gal'

*mitsuhiro toriumi’

1. B FMARAEE

1.Japan agency of marine science and technology

Contrasting low and high speed exhumation and metasomatic banding in the Sambagawa metamorphic belt
Toriumi, M. (OELE, Jamstec)

The author studied spherical transformation of quartz in albite porphyroblasts in the Sambagawa
metamorphic belt in central Shikoku at 1979 and he concluded that the process is controlled simply
by boundary diffusion of oxygen of albite and quartz for reducing the interfacial free energy (1).
The critical spherical size of quartz inclusion in albite is then estimated by diffusion
coefficient and annealing time by their 0.25 power index. Thus the critical spherical size is the
potential annealing time under the given temperature.

The author thus, measured the systematic change of the critical sizes of quartz inclusions in
albite of metamorphic rocks along the Asemigawa route of central Shikoku, and obtained the general
trend of the increasing size by metamorphic temperature. On the other hand, the critical sizes of
the highest temperature zone suddenly change the very smaller values than those of the other grade
rocks, suggesting the highest grade zone rocks exhumed very rapid rather than surrounding lower
grade rocks.

This enigma has not been possibly answered by any model of metamorphic exhumation. However, recent
studies of high grade metamorphic terranes revealed that there are abundant dendritic grains of
aplitic minerals in so-called felsitic inclusions or nanograinte inclusions in metamorphic garnet
(2) (3). Therefore, it is inferred that there are a few blocks or sheets of higher grade
metamorphic rocks rapidly intruded into the surrounding metamorphic belt.

The mechanism of these contrasting two exhumation at the same belt is modeled by the viscous drag
to friction drag exhumation governed by fluid concentration along on the fluid concentrated faulted
narrow zones. Such fluid filled damage zones are evidenced by the large scale abundant metasomatic
bands in the boundary zones as described in this paper.

(1) Toriumi, M., 1979, Lithos, 12, 325-333.(2) Cesare, B., Ferrero, S., Salvioli-Mariani, E.,
Pedron, D., Cavallo, A., 2009. Geology 37, 627-63@. (3) Hiroi, Y., Yanagi, Y., Kato,T. Kobayashi,
B. Prame, T. Hokada, M. Satish-Kumar, M. Ishikawa, T. Adachi, Y. Osanai, Y. Motoyoshi and
K.Shiraishi, 2013,

F-O—R EREOSELE. TREOEGEE. ZREEE

Keywords: rapid exhumation of metamorphic rocks, annealing time of metamorphic rocks, metamorphic
banding
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DFDP-2 BHTVEEFICE D < MiBE DS & IL DR

Tectonic stress and fault rock fabrics in the vicinity of the Alpine Fault inferred from
DFDP-2 borehole televiewer (BHTV)imagery

*EHY #24£ . Massiot Cécile’. Townend John ’. Doan Mai-Linh *. McNamara David D.’. Toy Virginia ’

. Sutherland Rupert ‘. DFDP-2 Science Team

*Norio Shigematsu', Cécile Massiot?, John Townend’, Mai-Linh Doan’, David D. McNamara®, Virginia Toy’
, Rupert Sutherland*, DFDP-2 Science Team

1R ITBCE A E RS SRATERE - MUAREM. 2.E0 U P7XRED T VYR 3.0 =T
KF 4. Z1—I—-SYREMME - ZRPHAFEA. 5. 45 TKE

1.Research Institute of Earthquake and Volcano Geology, Geological Survey of Japan, National
Institute of Advanced Industrial Science and Technology, 2.Victoria University of Wellington, New
Zealand, 3.University of Grenoble, France, 4.GNS Science New Zealand, 5.University of Otago, New
Zealand

Za1—-I-SYVREBOEBEDO IV VKBOFITEERREE 330 £, KRFEIMINTIETHD, MEE
BBEANAFL. 7L/ VBRI OBNO—DICENEC SFDBIIREZ BRI D ENRHD. #

K, 7R VEBRABEOIGN FHEDREMBIC L BIGNBEFTCIDOKRHSNTUVBIM, 7L VKB
METIIHEESSERTH DG NIREED C E(FTEL0). DFDP-2 D% AU\ ZIRIIG 77 38IE Ak T
FEOISTREICHINES X3 ENEFINTULE.

LML, DFDP-2TI(EIEHEIFD LS I ILIC K DRMIENRAIEZRZ LIz, —7, DFOP-2TIIBEMERENTN
Nz, R7HR—IL7LE1—7— (BHTV) REBIC KL DMEEROBRHN SREERBEDHUNESNE. K
FKRTIIBHTVIRB (C K DEBOSNIZ2UMEDEIRBEN S5, B8R (KE) EEXS5NB168MEDAICEDE
IGHERETOIZ.

BHTVIEBEB(C KD BOSNEBHNAMUIBD ARAESTHLOATELHBEI Vv IT7—9THDI NS, B
(C(SEREERT CESHE(CALSNS Hough BIEERWZ. 7T VBN T O L Z v OIiknh 5, e
IE—DIBICKESIN, EMBROERZS, HDOF7IV/IRT VKBICETLERIIT7 IV v VKBRIkR(C &
BEBESOEtT Y X EFDERELE.
SFEEDEBEREBRXEMBC NSO AMA L L TAN24°E30°, B/NEMRBGHEOANAE L TANZ L
19°(430°), IG/ILEMR0.288E3KE D> TL\D. CNETHEZNICKOHSNTUVIBE FNDTFNCRESD. —
B, COBMIETIVI VHBIAEICH UV THEZMN(CHESINTUVSEBAB ES| 2R D AR LEEKISR
(AN

RICHHFITADT20 m BARC EICIGNBERDE. KB DORETEESERETRNHBREBROBERAESN
TL3. —7, IEBHIRE 720-740 m&780-860 mCIFRAEMICNEDLTAMNEL, €U  (FHR/INEMEG 1%
DLTARKEL, TRBALLEREF.

—73, DFDP-2 TEHT 7/ N—HIRICKDBERHMKHSNTULSD. 720 m HELDRVEETE 150 C
/km EOVEMEZERDODICHT L, ZNLLRTIEIMEDER 50C/kmiEETH D, CORBEQAREOEMREILN
FUVIIBETOBERN—BT S. FEEBKERWEKIERERICE T < £500 A T/KES 30 m THD
DICT L, 720 mELET(IKTES(Z60 m BETHSD. IS(ICRFETROIEE(ICHT SIS EERIGNE
EECEICEXRTE-IVAIECTOY LT E, IDHBRSED/BRE—BUEV 720-740 m&780-860 mC(EEY
KIS HDINS VEBRAZEHSND.

RBRKEARBRVREFE, BAICHLTBDICKWANTERBD >3, 720 nBURICDUVTI(E, BECEV\RERZK
ETHolziz®, BREAT/I\I—VUHNMIERED, COCENBEIBNE, BEBESCHEESZTVS
TREMENH D, EBRBKEDAREMORSCDVTIIR—Y YT ITPICEDSKKHBRY v 7 —5 OB
EThHD.
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Keywords: the Alpine Fault, borehole televiewer imagery, fault rock fabrics, Stress tensor
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Paleo temperatures, depths and stresses evaluated using calcite twinning paleopiezometry
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FEEADSRGRE, NRE(CHHSTEWSEDOTMIGIRD NS SEFAE (1., 10 MPaRIZE L\DON

% . Lacombe, 2010) ZEBXZHBSICERIND. CONRBEBREEICEILL T, IGHTYNN—I3a VEBRT
BCEMTESD (e.g., Etchecopar, 1984) . RADHRAFHEZNREEANDEIC, EHOLNREER
BLTLBCENERETHSD. COBBICE, BHOREGHT VYIERETSCENTES (LUK, K
twoay) . ZNECEIDRETSNEZIDE, BEITARSINHOEE, BEITNEZNZENDILAICDOVTHOR
%Fﬁ\ﬂ?)‘JJbETC_C‘EUDTC, HTHREIGN T VVILTH S.

75, eWNBEMICKD, HERADBRIIEMENECSTIM, EHOETEEEIC, TERERTI S L
m, BEEBHNSHSNTULS. ILEDE, EHMEETHS. CNSE, BEHICLBTHEOEREESZBCE
MNTESD. WRBERICLITWEHF, NRBOBENSHAETDEMTES (e.g., Groshong, 1972) .
T, E2XSMERENETT SHREETIE, BAECHIETRECHFITS. LERST, RELHTY
VIVHW\SEBIERNIICKD, NREBROREEZHEITDICENTETD. RYUEBEARMRETCENGE, B
ETOHNS. CCTRICHEBDE, TOETHS. HBRADEEXRRCTR/OSNITEE - BMEHE - 7EEZ ]
VIS1ILU, Lacombe (2010)(FZENSDHVEDBEFREE RMIBCLH LIz, COBREMBI I LIcK

D, FEXTREGAT VVILICEEDVT, BE - RE - rfEICHATIEUAEBERNEN CTRICENTE
3.
COBEFEE, BRBILAROIS—RIUNSEBOSNZRART—FICHEBLURAZEBNITS. SFZERDNDID
T, TEDTS—ARIURENE T LR EZ(ITTCHEHEHET D ENTES

Keywords: geothermics, stress, vertical movements, exhumation
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The nature and importance of minor faults developed in the Niigata-Kobe Tectonic Zone
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TEDGPSAERDIER, BARIIEDEHBEIATI—THD, BMAICSOWTEIRDHICEFREDHNE
HEPR"NEFEITDICENMHMSNTULSD (Sagiya et al., 2000, PAGEOPH). ¥TR-#HPR O TFHEHRFETZDH
x®PITHD, HLEBREFENE, mFeal - KEMEFR CEINSEEHE(E10 m/yZE LD SENEMRE
Z#RB1E 3 (Ohzono et al., 2011, Geophys. J. Int.). REETHOEFNMRBRAICHMEEHE L TEZXD
n, WETHENI Y —TTOHNETEEMBCTHERIND EEXD L, EMBOFEIRARE CAIMERITINN T
VWBEHREIHHIZ—HITBETTHD. LHLEARS, COSBERICHRT DAERE (SEWE, o5
EIE, sl - XIRKER) CEDOHDB~UREHEESTNSEHBOTIIZMNREZSEL TE, GPSTEAR
SNTVEDIEHREZHRAIT S EMTETHEL. —AT, AMETE, EMBNS+DCHNTZIBRICEVT
TLEHOSTFRBMNEET D (KB - WK, 2008, ithH; Niwa et al., 2011, Eng. Geol.) . ZC T, EBE
IBIC K DEHBHMDBEE RS LV SHIRFGFICHREERITNIBIN, FMENSEENTERIR (42
J AU ER) ENRE UBREZET O 2.

AEE, PRE)IMBROASMEENRIC, MEBREEITT SRR >TITo. AEDER, 1810 cn~1
nEEDBRSEEMSHEA D IENERRE DM oz, AU ERITHE LN SHED, LE -
EM - SAENCEETNOEEKtTY XZRY. KFEEMSAICIE, E=RMEICERINZEEZSNS N
BOL—Y1 EHSHBERET SN, CNSEETFNEHRTEYIRETHD, BEICKEINS. T

1z, 1@ A TOKDINRIEEREN DI EZHPMI RO oIz, CNSH~INEEKEDRIE X
Dy FF—SERVT, MBZ:MH UIUROEBNEZEFBRICLORDEECS, DI CEFEME
EAEICHVTIE, BEDIGNE (RAEHE, Mt5IEROBINGNE) E—BITD. CNSOBRIE, EHE
PEARID, FEREBOEEMMSN TOEVERMRIC, FOELRRISESL ch~IVERBENETET D
CEETBITSD. CO'FTITAIVRER"E, EHFRED/ISRYIIEFETDI—DDHBAICKEDSD. &
Iz, EHFETHRERHCIIMEB/BETHINE LNV, JREEREBICREL TIF, TUREMEBRE] X
H, 1991, SEWEMAE) & U THREFANEEK(IH SN, ZOREOLEEITSABARODITIEINTL
3. KAH I, EHBORBEECEIIRFOMEICNL, EXEHE30EEEEHNET S.

F—DO—F  OR-HRESERE. IR)IKE. (REWE. DICET. EHFEE/ISFYIR

Keywords: Niigata-Kobe Tectonic Zone, Atotsugawa fault, C-class active fault, Paleostress analysis,
Strain-rate paradox
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MFROEBDEENT O R ZOXICRIFITHE iR —REEPFEMELT
Effect of crustal partial melting on tectonics of Japan Arc: Case study in the
Niigata-Kobe Tectonic Zone (NKTZ)

*ZiE R B 2
*Eiichi Takahashi', Junichi Nakajima'

1 RRIEXZFAFRETARERMMIRNERFER
1.Earth and Planetary Sciences, Graduate School of Science and Technology, Tokyo Institute of
Technology

Fe—mPEERTE (LUTFNKTZ) (FBHFAL T — MERMEZER I FIEAES CREBZE SR EEFT CH D
(Sagiya, 2000) o NKTZEZDHREEH S FEERICHVT T FERMRRI(CEEZLIMEREREBRANLMR > TLSD
(Nakajima & Hasegawa, 2007) o NKTZHRREB(C(EIZ < DFEANLUADMHL THED. TEHHBROERE(F VI VE
D DEFER TEMR AR L TODEHEBRIN TS, UM ULEMRS. NKTZESRICIEENLIFFER
FTFEHBROBEREBEHRIBICLERD EFKENFEE THEV . DIz, NKTZFEEBD TEBIIRE DERE F (T EB
DB TEELL T UVEYBTIL— ~OBKICH > THRESNZKREGRICEBINTULDLHEBERIN
TULB(Tio et al., 2002), AFETI(I. NKTZEEBID TERHIRICH SN BEREFEEIHBNRRTH D &
DFIZIEBRICDOVWTIRIR D, COEFERMIE L UL\ E T B EMRROEDBEERNILEENSH\D T  HREEL
ETORIORCEEEBLREESZRTVDCEILES,

BAPRICDVDEDIVT A R XILEDDHT DIRE (EBREEE) CAKREMRIRICESINDIRE (FKREE) (&
WIFNERSTOERICHANMEREEMET L. HWBFHEXRCETISLHZDOXFNEER THEL, IWE
DEWVIRT Y VHICE > E EHRICERN. EDRREET(IVp/Vs=1.8 L SKERTIIVp/Vs=1.8A T DEELL
ERIEEZISNTULS (Watanabe, 1993; Takei, 2002) o NKTZEEERMD TEBHRR(ICH SN DIEREFD
Vp/Vs(F1.7TIRETH D COERRIRICEINBIKNRRTH D E T IEROBREFE LMLV (Nakajima &
Hasegawa, 2007) » LO\LHEMRS. EURICT v UEVEBTL — ~OBIKICHESKOMIIMERE DIRE TH
BT BES. BEBREFRMohofBEICFROSNT, FIT20k mBAEICERD TILMD> TV E RSB TEH
Vo —A. CORMDBFBIUTICRARD LS (CEORBRETILHAS (FEEMICHATE D,

HRBREBN T BHRREEANY ST XIEBHICFUSHARINTUL S, KICEBMUKEDY IS X(FRS
THYVYIFIEHRLUTHIWCETIT D, FTEEREENY Y S XITERMR CTIEKICEEF L ZIB5600CF
TETI 3, RLA. BEHEE TIEHN650C. XHA TIE650-700CHKICEFLIEVYS I THSD

(Wyllie 19777LE) o TEDSE. TEMHRBROEANRRAICKEZT (KICBERMILR) KEBTHB I EITNE
600 —700°C DRE L LTI ERD AR NUANCEEZ ZF CTH Do

Nakajima & Hasegawa (2007) (C&HF. NKTZEEEBDMEREEZE D TRIZ15 Kk mBETH D C DBEINKTZHER
DFRLUNSEENZBOZNE—BL TUD, FLCOMEREEEDO TRIIERILMADZENE KEL

Vo MEREEED TRIFEADIEY - BMEAICTIDT 5 EE X 5NBEDTZEDRS FILENEEE LR
([CEEHIT Do T7EDE. NKTZHRRERS K UFESOHMEEAERFRILMANDENE KELVC LTI

B, Takahashi(1978. 1986)(FEAZNLEFECRILMADHRAFREHEE L. MohoEDREZESWCULER
BE>TULB, LIch> TNKTZHERDRAIE (SRS RER(CMoho GRS 30k m) TBRACI EEE X SN

3. ULH\UEMSNKTZEEEBDO MR AR (FMoho B FISEHRAARIBRD D+ VEVBIL— REET B

. MohofHEARE 20k mTAKX DM X > TEBTH I AREMARE V. D5 NKTZFEEBOEREEMN
Mohof BEICIEFR SN TEE 20k mHEICROSNTVD C L (SEORBET LA S/EBMNICEHBETE 3,
BADFUVERICENIE. NKTZOK S SRS (FERIEEE L 2 TERtRROE O REMEME> TV C Ll
5%, COMBTESETSICZIVIA RRTERTERSINDDHBINDIED S, TEMIBOERERF
NKTZHS K D EEMR D TUL Do AFBRETRAZ L S (CENSMRROZLORBE(CER T S & ITNE. HRROER
DRBBEIANLODMEDEDINCLMRO>TUNBC EIEHED, KUEVY RILWSKXRAVIVABAT IER
MR ICROTEREINDINTH S D, —FH. TL— DBRKICHE > TKMEEST N, RAREMNLEERNS
<. TEBMRZ T600CE B X BHATCIIEAMBALIBEI TUVBIES S, TEHMROIOBBEET ILIE. KR
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FHETOEBREEOERE. MRUOPRBEROEERCH SEELHAEMBEHD TICH S VI VB DIEIR
LECHR—ERAEE X TS,

F—O—R ! HROBOEE. TORZOX FRMPEERF

Keywords: crustal partial melting , tectonics, Niigata-Kobe Tectonic Zone
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FR—HROFHEFFICHTBIEENTL — A EFEOES
Implications of Persistent Intraplate Deformation in the Niigata-Kobe Tectonic Zone,
Central Japan

A B Meneses Angela’
*Takeshi Sagiya'?, Angela Meneses-Gutierrez’

1. 2EEAXERSEBEEMRTELY S —. 2. BHERZARZRREZMETR
1.Disaster Mitigation Research Center, Nagoya University, 2.Graduate School of Environmental
Studies, Nagoya University

We found a persistent localized contraction along the Niigata-Kobe Tectonic Zone (NKTZ) before and
after the 2011 Tohoku-oki earthquake through an analysis of GEONET coordinate data
(Menese-Gutierrez and Sagiya, 2016). This persistent pattern is identified as short-wavelength
components in the strain rate pattern after removing the long-wavelength components. Persistency of
deformation pattern under both interseismic and postseismic periods indicates that the localized
contraction results from aseismic process driven by the tectonic stress field. Strain rate of this
localized contraction is about 0.06 ppm/year, generally consistent with geologically estimated
strain rate (Wesnousky et al., 1982, Sato, 1989). The localized pattern can be reproduced by
~10mm/year aseismic slip on a fault cutting the crust up to the depth of a few km. This implies
inelastic processes have significant contribution in the crustal deformation of the Japanese island
arc. Similar inelastic deformation is expected for other fault zones. However, slip rate of major
active faults are smaller and the deeper locking depth makes associated deformation pattern much
broader. Thus it is more difficult to detect related signals with a similar approach. The
long-wavelength components in the strain rate pattern are considered to be elastic deformation
caused by interaction at the plate boundary. Since our precise geodetic observation is limited for
the last 20 years, we have not figured out how elastic strain accumulation and release are balanced
through an earthquake cycle. Modeling effort of earthquake cycles with realistic lithospheric
structure to reproduce the observed deformation pattern is essential to solve the problem.

F—DO—F FL—rREFE. JEHEER. HROTHER

Keywords: intraplate deformation, inelastic deformation, crustal strain rate
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014 REFRIEDHEDER &L > 2B - MTERBE
Fold-and-fault structure associated with the Naganoken-hokubu Earthquake in 2014

“wh X', BRE E#'. FE RS

*Kenta Kobayashi', Keisuke Iida', Takuma Katori’

1 FRKFEZPEHERZR. 2. 8K EXERBARZMER
1.Department of Geology, Faculty of Science, Niigata University, 2.Graduate School of Science and
Technology, Niigata University

FEAMITRIEASE TR v =0 X1 T, &R - FAICLSHBFOREBRREL 00N SVOOTTOIH
MBEDRAZ, MERIEEOVEDELTUVS. ECT, 2014F1MBNHICRBEICEOME (1HimkEit
B) MEEL, AT -—50EENMETCABNN S ANZREL, MEN - MEROFERET . &

lz, BODEMBREESHRL, BERILEETOI.

AFEMNE LR -FIRE (CE SRR -FMEER (HEKE) ORRAICE, ECHFB=RNDMIS. &
IMKTE DRGHNknE WET S/ )AMBZERR(C, ZORMAICIIBAFRFTEYILRE, FERlC(IEFEHEELS
UICEFWWERDMI S (REEH, 2002 HEENIE) . SE, YEREZE TEORERE, FE0EEEEY
BREEE, LEHOMNEBBWEREEBO=8/EC, T, AR LBZ TEORNERERE, PEOERRE
TEEMEREE, LEOBRERKEBO=NEIC, SRXNLE. EEZMIL, BET—Y&e&R|LIzCL
[C&D, YOORT—ILOEBSEEF USRI S EHAREEL S L.
HMEECEFLBEOAMBE RS EFLARIE, FREE - =MEWEC KX DN - Rl (REEF

m, 2002) , =D(CREIINS. RATAT7ITSLICEDRDIZEY TIROELTHAITEE~ETHD, LT
fA(3LER30°, FER26°, FEERI RIS, Tz, PEBOEHEINIIL - EHTOMEXIDEFESICTN, €
DILHEETEFFWNINTIAD C EMNBARECIE /2. FREERIC(IRRIERIDERE (MLEER) , REER(CII/N
BRI ENE R TIEERIOERNE (FFEEEN - S) M, BRAERINTLS. BEODKHBEE(C, MEND
IOHERPERDENS, 2014FELDHIICERDELUEFR LIz eRHIoTULZ (Uwk(EA, 2015) . SE], ¥
FEBENCH VW THZHIBHREEZTY, RXARE (EFLE) ONhe, ENEREEIZATOL—Y
Tk -KWBADIDERE#BLE.

WORE D—REEM(IILILER-FREARICH, ZAMBLDEATERB(ICRANERLTS. BERADEZE
BARRICEIEL, ZOARKBTIHNRHEICUIMINS CEMBASHEL DT,

EFLERE, PEOILHD TIHENLBERZERT 3N, ZOMTILIELESAEERTUS. HEE
HENFENT SHBFAOEFILARIIEFEBNTS D, ENICRELSERBHNMERICER I NIzAREENR S
3. WMBEEFCRHVERSNZENIOL Y1 ~EMBAD I, 5IEHmERICL > THIRICEHR U,
WERBOZEBRMAHS, EFLARORSICEEZNELEL T, eV IBRNEEARICETISERNNDTE
HELRREHEETNS. LHICHBAERER (RHEH, 2002) OFEAERICHD, TOEBEE(ICADT
EWIETH 3 NAMBENERSNEAREENSS. NARE(ICUIINCERREZRIONIREN, RESHER
B - EFLBCERLTVS. N\AKEFZNRMACTHLKEICERT SEHLIN, TOBER>EAEFEKX
0 (DNER(ZA\, 1989 : KETENE) . KEIRKIRE ZN(CRIET SERNHKE (08 - £, 1983) (CHL)
T, FUMBEEOEFELRBHBENE VY IR(E, WFNEIXSBICSHTFTLTLS. chicHl, BFRFLERE
FRRAINOEROE VY IRIEAISKETL, RETHS. Y IBROILTM, @il - MEBSHEMCHDEE(CE
K935, RENGEREENDHBASAARBEMHOIMICEREL, BACAND TRRICEDLIEEE
Z25N3. EVIREABERNBDATEEKFELD, COBFRIESARTSER CRE S NERFRIEDIE(C
HESRERE (FR(ED, 2015) MIRE(FE-HTS. ILENS5, AAEME CHRETH R (CE U R Er7L5E
R, REIFTHRL TLSEDLBRIND.

F-U—F BRER. BEN. AN, SEkE. EWE. KiEa

Keywords: Nagano Prefecture, Hakuba Village, Otari Village, Kamishiro fault, active fault, fault
rocks
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BORUVAETHSHNEL STETr VEVKEBD D Y — TEMDRE O ZERRIZ k4
Spatial variation of creep rate on the Philippine fault based on alignment array surveys

2 sz, Jeffrey Perez’
*Hiroyuki Tsutsumi', Jeffrey S. Perez’

1. REBRZX IR AARRIIBRYNIEZHZE. 2.7 « J E VN LERZER
1.Department of Geophysics, Graduate School of Science, Kyoto University, 2.Philippine Institute of
Volcanology and Seismology

B7ITIEE, BFEIL—EORDEHFAH CERT ZHBNFEMPRETNEE (PRESKR - 7V
VHE - AVESHIBIELE) BREETS. TL— OINREBRICHKET 5 NS ORBELETNIIE (FEN
HERKEL, BMOME - BEBEDFZECHEFNCASTHEIFEERIEFILTVS. BRIETrUEVKE
ENURELT, MIBOVYEYIREEREFABTET D> TS/ (Tsutsumi and Perez, 2013) . ZNIBE

T, MBOHEICMNBI DL TETHRS U —TOIHE RUVZL, BELEATIESYIOHEE L InSAREET
(CEDETO—TEREZEGEH U (R(EH, 2013) .

DY) —TEMAXBDERDOEREEBESHNCTBZMHIC, 2013FE3/NSHEEBECEVERRDEDRLUAESE
EiEL TS, 2013 F38CTEBENREZTL, ZDE4FEIAENMACHKANZT O, T2016F38(1CH
EHAFPETHD. BEFRT, LY YEBICIHESR, VINTB(CSHIR, LrT7B(Csitisn, =VFFAET
EC 2R DEHMRICERRERZER(TTUS. GRINAEE, USCSYH YIS Y I XOMIKZEOMEF—L
MY YISV IIBFEETIT > TLSERIAE (McFarland et al., 2015) ZREELTULS. B~
L—XERAT, IDNHAERZERTD. ZNENOESBEOEREZWI0nTHSD. CNSDERALITAHE
=, AABERMOR—9ILAT—aVEFE>TEHIT 3. BEOEAZETE, wniEEOBEFNE((E
+RIFRETIRERIEETHS. BRABRAEVDT, MBOIREINEMN (MKRIU—T) OHEERRDICL
NTE3.

2013F3IANS20M4FENBOHRAICLD E, L1T7EBDILERCHIDIDOERAIM S TE, 40~50mDREL T
NOY—TFEFMMREHAEIN, CNIE23~29mm/yrDD ) —TFTEARE(CBREIND. CDfEIF, ATESYDE
UNSKHONDBEEI0~FERDD ) —TEARERX VYV XN TETHGPSERICL > THSAHEE 2T+
E VBB OEALRE (22+2mm/yr; Bacolcol et al., 2005) &(FFAUCTHSD. L1TBETIE, BEI0ERC
Jr B VKB L THENRBE M4 S KIME[IHFEL THST (Bautista and Oike, 2000) , 7+ UEVKE®D
BREECOY—TERMTEEINTUVDIEZZSND. YVINTETIE, 2 DOERIMSTS~10mm/yr DL
FNO U —TEUBERSNZ. CNSOEBRIMRIE, 2003F v I/NFHE (M, 6.2) OBRICHRULERSH
18kmDMMEMTBZE I > TL\D. HMEMBORAZMNE(FHIS0cmTd oz (PHIVOLCS Quick Response Team,
2003) . Papiona and Kinugasa (2008) (C&3 L VFIRBHIAETE, ¥vNTXEDFIEEERE
130~170FE E BRBESNTULSD. € UL2003FEMEE RFEMEMEDIRL TUVSESE, VINTREDEN
HE(F3~4mm/yr &7ED, GPSEMLRE(CLEARTEL /NS L. BROERTHSHNEE 2D ) —TE[

&, YVZNTXEAOEMANFBEMEE D) —TEMOISICL > THEMINTLSAREEEERLTULS. LY
VEWZIVUSFTAED T U VKEBIL, BRERCMIULOKMETHIEL, BnOENE#SHEKBE
HEEEZIENMSNTVD. CNSORXRBENI Y —TEMOBERELCEREERESHNITDEHC, BHAERE
2014F1MAICEEL, 2016F38(CHAUFETHS. REXYHEF, CONEBRESOHTERT D.
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IR O S HERFICH (TS REDMRZS) A - E - BP0 FHEREDLE
Recent crustal deformation and comparison among geodetic, seismological, and geological
strain rate in the San-in shear zone

*FER st BE B
*Takuya NISHIMURA', Youichiro Takada’

1. RERZBEEATER. 2. 0EE X FEFHRTR
1.Disaster Prevention Research Institute, Kyoto University, 2.Faculty of Science, Hokkaido
University

[FCIC

—EEEFEEDEEGRA(ICHSUVT, BAGELHIEROGNSSEGELAME(GEONET) DT — S @& D, L&t
DEREBEREPH S ERE(CH(TTEEZSIMBEEEFRE (UT, LWBOTHEFT) MEEL TV EERE
U, COMBICHITETRABINSSEIREBB LI EERSE L. ABETIE, BEDLEBOTFHETHEIC
HTBIMREE DM ERE T —ILOERE SR - HE - e CEWE) 7 —59NSOFHEFERUZDAE
BOUOFHREDLREAHHBRICDOVWTEHETS.

LB O FHEFFEDORIDIMREE

Rt A X FFHMELFIOLBO FHEFRFDOREE, HRBOEFRICAD T, RAEADOHEKENGE
FNEEE L TUBDEVSREARG D, BEEZROCEERE(SL, 2005-2009FDFIITHRIm/ETHD, 55
FOMEFLEAOMERICFF—BLTUVSD. FIREHIREST2013~2015FDFAKFRERZERD
&, BRI —2E U TEERIGHELETIE KE<KEDSEVWEDD, ZEHRE (FHI6mm/FE(IBIOL TL)
3. FEOEMNEZ, RLPHEORMEBNRRAEEZ SN, BERENLBHRLEZHZ(TTHEL, OFH
EhHEMNMECOBRNELREDBIMERESNTHD, LERNERWEERICHESIGNELICHTDIOTFHESE
DL AR ZBREENTUVSITREMENRSS.

B - E - EZNOFHRELR

HAFETE, AMZRNOTFHFRENMMEBZNOTFHFREICHERTIHAZTOCERSNTULSD. COUOTF
HREDEVE, FITAMENOFHFRENLHAHRICHSFTEITL— NEEBCLDBUBEEZATULD
horeExSNTSE (FIRE, St - fit, 2012) . LERMAESTHEMMAE, BHAFFEHNSDEREE
HEIES, OFHREETHARIIEDRTIINSTVWCERMSNTUNSD. COKSEHIHICHVTE, HEX
T—ILRUFEDRIEDIOTFHREENE DIRERLDINDHERIET So(C, 16iE34.7-35.7E, HE
133.2-134. 8B DMEEE 2 x 2 (CHF UTZEEE(C, Al - HE - e CERE) 07 —9IhSFHANOFHIR
ExE8H Uz, AhFEAEEE U TR, GNSSEALRE T —S M SShen et al.(1996) DA ETEHFREEETEL
fz. IEZMNREEE L TE, TF93FLUBEOKKRT—HENIOTNSE—X Y MERREZETE

L, E—XVMEBEE E O FHFHERENDROBBRINWGCEP, 1995)EHVT, OFHFERE(CERIELTIZ. HEFEM
OFHREE LTI, MEARBRUERHADENRBT —IR—X(CEINIEHBEORT EFHEARER
F—5& LT, Kaizuka and Imaizumi(1984)DAETOTFTHEEESAELZ. NS 3 DO TFHREELLE
95&, LLBMBZE SUEEERO TANZNO FHREMMEZNOTFHRELD 1 TS, HEENO
FHRELDE2HIKEN Dz, —7, LBMBZSTEETIE, 3EBEDOFHREMARAUMEE Oz, &
Iz, ZNZENOOTFHRETHIHBE LR T 5 &, AMZENO FHRE EMEZNO FHRE TIELBEINE
FRENCEEARTHEU EXRZODICHT L, HMEZNOTHFHEETE, LIBKEZ SUEERRIDMEE Mt
BEDEIHUEREN oz, BIMZARUEZNOTHFREL, HENSBEORBEIT —ILOUTFHER
BERICEEzERDE, BEOWBRADUOTHRE(F, MEBZMEE T —ILOFHEOFHFEE & LEA
T, @BMCKEILEODTUVRCEERETS. Fie, AtZNOFTHEENMMEZNOFHFRELDEXRSE
WC &, AENOFHFREDAKED NIEFEMENELTHEICEETIET .

F—O—F I OFHERF. GNSS. LTS
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2000 SENRASHIERERICH (T DMBR D721 L WiEE D E
Distribution of fault system and its characteristics around the aftershock area of the

2000 Western Tottori earthquake

*mE . WA RAL Wk X B EE. L0 8% LA R
*Hideki Mukoyoshi', Hideto Uchida', Kenta Kobayashi?, Tetsuro Hirono®, Masakatsu Yamaguchi’, Kohei
Yamamoto®

1. BIRXZREHRMEETZMERL 2. R FEZE. 3. KRAZKREHREZMERL. 4. BRAFELY
1.Department of Geoscience, Interdisciplinary Graduate School of Science and Engineering, Shimane
University, 2.Fuculty of science, 3.Graduate school of science, Osaka University, 4.
Interdisciplinary Faculty of Science and Engineering, Shimane University

2000 SEVRFAEIME (Mj 7.3) (&, FRBPLPZOUEEMRG DY Z 7 XY LRI N TUVEH D ST
HELURHETHS. COMRTIE, BELCSVTE, Mj I EOREEHHNEECEHIINTLS. COR
EERENLICHVT, JREM M=o OV D ~O—FEREE LT, 100050E 5B ESTO
H—ZRVCEBEERELEINSTEINTLD. AXAFKTIE, COSEBEMESRFEMRNICH(TSitFEIL
BERAEETL, MESRACNLLT BB mrHBEDRMERSNMITIEEBNELE.
SIS 2000 FE BENERAIMEDEINEZE RO E UIzIbFE-FEAEOK12 knxd kmDEETHS. ANH
EHUHED(C(SEELERA~EE RO E(CRERTEEENSLDITEMEENLNETD. T, TtHEE
ZEHHE (—EEHE) OPE~EEMERS KUBESRAHZRESNS.

AEORR, REEICAES, REFBPRES, RESFEREBICHSVT, WI00ARDKEBNERINEZ. 5D
MIBZRB(IMR(C L > TEHES. tAEBTCRTETIFIHLABICHBHAREL, MEZRB(CEFARR SN
V. —7A, RREPTE, wAFEEACIERERCHBRBOEGTNARSNSD. iz, BAHTEIItFEN S
AAAEEIEREABICHBEBNEFTNARESNS. HESFECETHM~HmDMBENI DI LUES 2
BOHIOL—Y1rh5HS. FEAEDAIDL—H 1 LHBKDEECLDEBLTHD, HBEDLX
REERY. I, BEEAS LCIHEEREADEHDOKEBICHUVT, EVICHIKBRNRNSND.

20005 EEVRAEIMERDOMEE RN S KO SNIZEBRAHE (TR, 2010) (&, ERILFERTEIRLVERD
mERL, ZOAMICERESDERHONSD. —FA, ERHNSEEREBICNITIE, BHIFREFHOAOEICE
L, ZOAAEIFEEAICERLTUS ((TE, 2010) . ARECEIAINCHATEC & OMBEHN
B\, EERANSKOSNZEBRSMOAAEHMR—BTS. CHCE(F, 2000FEERERBPMEE FHKE
THEMEOZAZE, HWERACERINCHBORECZEB(CHEBRASSIEERLTVD. 155
L= CHOSNBIBKEE(FZ, NITL—T1 LA TICESVTRKRDGIBBTF RSN EER
LTHHD, MBEIOREOESHE RESTNSD. 200FEEMERPHEEOMERGICHUVT, EHO
DZTPAVRDESINED, FBUZTAVERORESEVTFNEInUATEREL, Fe, HEBRICHDEE
Z5NTUVBUZFPXY REHZEINTVS (BAIFH, 2003) . RFABCTHERINZILAEABES LUILEE
BOKEICRSNSEIMBERIE, HEBEBRICHIMBEBOE SSHMBEMICEET S (3L, BEUICHIN
LHSCECEL>TELBIMBOTEIA Y MEERTULSHAEMNS D, FMIIREREFRTHIN, <DL
SIEEIRRERIC KD, 2000 FENEAETIMEOREHELCSVTIE, BHELIVZTPAYRREEIT DI EL
<, NRETHBEMECRSERD) Z 7 XY RHREFEEL TUSIDOHE LKL,

F—TO—R ! 2000 F BSENRAEELHE
Keywords: 2000 Western Tottori earthquake
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The eastern margin of the Asian continent is a well-known subduction zone, where the Pacific (PAC)
and Philippine Sea (PHS) plates are being subducted. In this region, several island arcs (Kuril,
Northeast Japan, Southwest Japan, Izu-Bonin and Ryukyu arcs) meet one another to form a very
complicated tectonic environment. At 2014, we started to construct fundamental structure models for
island arcs and subducted plates in and around Japan. Our research is composed of 6 items of (1)
topography, (2) plate geometry, (3) fault models, (4) the Moho and brittle-ductile transition zone,
(5) the lithosphere-asthenosphere boundary, and (6) petrological/rheological models.

This paper is mainly related with the results of items (1) and (2). The area of our modelling is
set 12°-54° N and 118°-164° E to cover almost the entire part of Japanese Islands together with
Kuril, Ryukyu and Izu-Bonin trenches. The topography model was constructed from the 500-m mesh data
provided from GSJ, JODC, GINA and Alaska University.

Plate geometry models are being constructed for the Pacific and Philippine Sea plates through the
two steps. In the first step, we constructed “base” models with very smooth boundaries in our whole
model area, providing fundamental geometry of the plates. For 41,892 earthquake data from IMA, USGS
and ISC. 7,853 cross sections were taken with several different directions to the trench axes. 2D
plate boundaries were defined by fitting to the earthquake distribution forming the Wadati-Benioff
zone, from which we obtained equi-depth points for each boundary. These equi-depth points were
approximated by spline interpolation technique to make longer wave-length (>75-150 km) qui-depth
lines of the plate boundary. The grid data for the individual 3-D “base” plate models were
constructed from these equi-depth lines.

As the second step, regional plate configuration including shorter wave-length geometry (<50-100
km) is being constrained in the vicinity of Japan by recent results from seismic tomography, RF
analysis and active source experiment. We have collected 44 references, from which plate position
data were constructed. These data are used as ‘correction terms’ which are superposed to the “base”
plate models described above. Preliminary analysis indicates that the plate boundary of the PAC
plate from the controlled source experiments is systematically shallower than that from natural
earthquakes in a depth range of 10-30 km, which may arise from the difference between the
structural and mechanical boundaries of the subducted plate. These regional data are also very
important for modelling the PHS plate, particularly beneath the SW Japan arc with less seismic
activity.

F—O—R @& TLU—HER B8

Keywords: tectonic strucutre, plate boundary, trench

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG@63-25 -



SCG63-26 HAMERSER S EA2016EAS

HE, Blith, MEF—SNSHEINSEMNROERRE
Deformation rates of island-arc crust estimated from seismic, geodetic, and geomorphic
data

WY TR BHE KREL RE =8

*Mitsuhiro Matsu'ura', Akemi Noda’, Yukitoshi Fukahata®

1 MEETBURIRICAR. 2. 8iE5TEMTSAT. 3. REBRZER KRTERR
1.The Institute of Statistical Mathematics, 2.Kozo Keikaku Engineering Inc., 3.Disaster Prevention
Research Institute, Kyoto University

Steady plate subduction brings about steady uplift of the island-arc lithosphere [1]. This process
is simply explained as convex upward bending of an elastic plate by the effect of gravity [2]. So,
there is no analogy in mechanism between the steady uplift and steady horizontal shortening or
stretching of island-arc crust. The island-arc crust is basically elastic, but it includes a number
of defects. Brittle fracture and/or plastic flow at these defects, which occur so as to release the
overall elastic strain energy produced by mechanical interaction at plate interfaces, cause the
horizontal shortening or stretching of island-arc crust [3]. To sum up, the crustal shortening or
stretching is a purely inelastic deformation process. In northeast Japan, for example, the evidence
of crustal shortening has been reported from seismic, geodetic, and geomorphic data [4, 5]. The
point is a discrepancy in its rates. One of the reasons is difference in the length of observation
periods. Actually, geodetic observation is too short to cover the entire cycle of large
earthquakes. Another, more essential, reason is that different kinds of data provide different
information about crustal deformation; that is, seismic and geomorphic data provide information
about purely inelastic crustal deformation, whereas geodetic data provide information about total
(elastic + inelastic) crustal deformation. So, we cannot directly compare the crustal shortening
rates from geodetic data with those from seismic and geomorphic data unless geodetically observed
deformation is divided into the elastic and inelastic parts [3].
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Linkages between tectonics, denudation, and landscape evolution in humid active orogens,
revealed by terrestrial cosmogenic nuclides

AT GRS

*Yuki Matsushi’

1. RERZRG KRR R EMFERPT Lt ERE DT

1.Disaster Prevention Research Institute, Kyoto University

HERKRE(C(FFEBREROPEFOZ 1 —F VABECED TV THD, MRAFEDIYERP(CE, EETR
DRFEFEBRRF & ORRICOBRE U TFEBREBRZENERT 3. YPOFHRERKEDRE
(&, ZOIPRIFOFEENDBRBEEZRMTS. ARDL SHEKEERRANRMOLERHCSINDSFH
RENKEBZIMRBEEDN CEEI S LICLD, TOHBOMRAEMNERSINTHS DIRERAE (BHE
) 1, MRAMRRICLODTEHINTPCRE (HIREE) ZNSCENTES. AFETE, BERDW
HOHIRERE & FEREBRKEDER(CL > TEBI LIZAREBN L, NBIRTERZ SHEERN S KR
TRIEBLLETT, EREBHFOSAREIMEORETICS(T3ILTMORIREEEZ 7D 20 X EBER (T TE
I D,

F—O— R TESERKE. HRE. EREMEIRN, BEBEY 7L MERETTI

Keywords: terrestrial cosmogenic nuclides, denudation rate, low-temperature thermochronology,
geographic information systems, landscape evolution modeling

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG@63-27 -



SCG63-28 HAMERSER S EA2016EAS

RICHMER (CH (T IRICBARMOERBE | BERBEKFE
Deformation processes of island arc during the interseismic period of Tohoku-oki
earthquake: Vertical movement and horizontal strains
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This study models the deformation of the crust and upper mantle of the northeastern Japan island
arc during the interseismic period of the Tohoku-oki earthquake considering heterogeneous
rheological structure. Nishimura (2012) investigated the crustal deformation of northeastern Japan
based on geodetic data for the 120-year period preceding the 2011 Tohoku-oki earthquake. The
results indicate north-south extension and east-west compression along the central axis of
northeastern Japan. Vertical deformation data for a 100-year period indicates uplift in the backarc
region but subsidence in the forearc region. Recently, Shibazaki et al. (2014) calculated the
effective viscosity of the crust and upper mantle of the Japanese island arc based on the thermal
structure obtained by dense geothermal observations using Hi-net boreholes (Matsumoto, 2007) and by
Tanaka et al. (2004). They reproduced several elongated low-viscosity regions in the crust and
upper mantle of the northeastern Japan arc, striking transverse to the arc, which correspond to hot
fingers. We develop a finite element model of the viscoelastic deformation processes during the
interseismic period considering heterogeneous viscosity structures. In order to model interseismic
coupling, we give back-slip along the subduction plate boundary for 500 years. We investigate
several cases by changing back-slip distribution to model interseismic deformation. To reproduce
the uplift observed from the volcanic front to the backarc and the subsidence in the forearc, we
need to consider back-slips at the deeper subduction plate interface. In this region, the back-slip
rate decreases from 8 cm/yr at a depth of 40 km to @ cm/yr at a depth of 9@ km. Compared with the
model with only elastic structures, the smaller amount of the deep back-slip is necessary for the
model with the heterogeneous viscoelastic structure to reproduce the observed uplift. Strain rates
during the interseismic period show east-west compression and north-south extension. Our results
indicate that the heterogeneous rheological structure of the crust and upper mantle of the island
arc and back-slip at the deeper region are necessary to reproduce the observed interseismic strain
distribution and vertical deformation.

F—O—F D RIPE. FILAAN. MEROERE. kM. Ny IOy RRICS(TIEE
Keywords: The Tohoku-oki earthquake, The northeastern Japan arc, Interseismic deformation,
Viscoelasticity, Back-slip, Deep coupling
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Three dimensional fluid distribution and crustal deformation around the focal area of
Iwate-Miyagi Nairiku Earthquake
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The 2008 Iwate-Miyagi Nairiku Earthquake (M 7.2) was an unusually large earthquake, which occurred
near the volcanic regions. We used new data at 66 sites in a few kilometer grid intervals and
existing data at 44 sites on three profiles. We inverted detailed 3d resistivity structure. In our
final resistivity structures, aftershocks are distributed in high resistivity zones and avoiding
low resistivity anomalies. We found a pathway of fluids from Mt. Kurikoma to the hypocentral area
at 10km depth. The hypocenter is located at the rim of the conductor.

Large coseismic slip zones are located in high resistivity in our model. On the other hand,
post-seismic slip zones are located in low resistivity zones and high resistivity zones. Iinuma et
al.(2009) showed two different kinds of triggers of post-seismic slips. One comes from fluids and
the other comes from the static stress change caused by mainshock. Our results imply the different
triggers of post-seismic slips as implying in the previous work. These results would come from the
difference of character like ductile or brittle and the existence of fluids.

F—O—F A BN, REE. VIXRRTILY Y IEK
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On the causes of across-arc mountain ranges in the back-arc region of Tohoku arc:
Importance of north-south compression
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Stress heterogeneity in northeastern Japan and its relationship with induced seismic
activities by the 2011 Tohoku-Oki earthquake
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nNd, CNsOMRICHFVTIE. LEBIDHEBENICHZELERFAR—HL TV EICXD, BABEMUE
HIELIZEEZRDEMNTES [Yoshida et al., 2012].

—HT. BNICHECTIETERENRATETLVERERFET B, LE-BERBMATERLUZEELD
S5 —(F. BNILHELICKDO—OVIEHMET I SEEHKICAIET S [e.g. Terakawa et al., 2012], C
DO S —T(F. WEDOFEREARIGHMEOREBE TIEEVC L. MEFED BHBE/EnigrationME S
NdCcE. KIEAIWTSOETICANETBCEND. BRERBEEICLIFENTEINTLS, HH - Eal
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Various fault geometries in the source regions of normal faulting sequences induced by the
2011 M9.0 Tohoku-0ki
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We relocated numerous earthquakes in the source regions of normal faulting sequences induced by the
2011 M9.0 Tohoku-0ki, using seismic waveforms retrieved from a dense seismic network deployed after
the Tohoku-Oki earthquake. The seismic network has consisted of around 60 portable stations
equipped with short-period sensors. Initially, we detected earthquakes from continuous waveforms
from July 2011 to June 2014, by applying an automatic detection algorithm. Then, we calculated
differential arrival times obtained by the automatically picked and waveform correlation method. We
obtained more accurate differential arrival times that contained 56 million P wave observations and
51 million S wave observations for use in the double difference relocation. Applying a
double-difference algorithm to the arrival data-set, we succeeded to relocate ~200000 earthquakes
with high accuracy. We found that most earthquakes show planar alignments, and the fault
distribution varies along the source region. At the northern part, many tiny fault planes are
distributed like a flower structure. In contrast, a sharp fault well develops in the central
portion. The thinnest width of the sharp fault is close to only 100 m. At the southern part, there
are some conjugate fault systems. These spatial variations of fault geometries in the source region
of normal faulting sequence reflect fault evolutions.
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Relationship between fault-related folds in the focal area of the Hokkaido Nansei-Oki
Earthquake and the aftershock distribution
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Inelastic strain in the seismogenic zone, Kyushu, Japan inferred from focal mechanism of
earthquakes
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Strain in the seismogenic zone of the crust is a key parameter to understand crustal dynamics. GNSS
data provide us with great information about deformation rate at the surface, which have been
investigated by many researches and modeled kinematic behavior as elastic medium. Generally, strain
in the earth’s medium consists with elastic and inelastic ones. The two kinds of strain result
different effects on the stress field. Therefore, detecting inelastic strain is important to know
state of stress in the crust as well as elastic one. Inelastic strain is caused by such as fault
creep, viscoelastic response, and earthquakes. Here, we showed the inelastic strain in the
seismogenic zone of Kyushu, Japan from seismic moments and focal mechanisms data by counting
Kostrov's sum in the spatial bins. Seismic moment tensors about 9000 earthquakes with magnitude
greater than 2 for 13.5 years were obtained from seismic network data in Kyushu Island and F-net
catalog. Total released moment at every spatial bin with ©.15 x 0.15 degree in latitude and
longitude was estimated and then strain rate was calculated from the moment, compliance of the
medium, and volume of the bin. The estimated maximum strain rate achieves 107-7 strain/year. This
strain rate is comparable with that from GNSS data. However, the strain rate mainly revealed the
different principal direction from the one of GNSS. On the other hand, the directions were similar
to the behavior of active faults in Kyushu. The result in this study showed that inelastic strain
due to earthquakes is enough large, suggesting that the effect should be considered for modeling
crustal dynamics.

Keywords: inelastic strain, seismic moment tensor, Kyushu
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HEEEOEMBOEMRS, BEMEKRBOEEDERICLIBIENEERSNS, LIEMR>T, &AF—5nhH
SERBREESZBCER, TORZIINBRCHVTIRANTERYRECH D, IF. GNSSEEH(C
DS XIBREERAL. RESOERNEDEETORINT XY NEBFETHEINTRELHRE LIFT
LD, Simpson et al. (2012)d K U'Savage and Simpson (2013)(F, ZNENT AV - BU T AILZT7MD
YISV - RAITUT, EN-ABEDNSSEEZT—FICOSXIEREBAL. tRIOVID
EHMEREETE LU, SONTEREEHAOKMBRE KLVUNICERERL. HRIOY O ZEENTEETR
EITBREELT, BALFARND—DOTHhdccaERLIL.
ARBETIEETHAEDFARCHNRZEMR T, BARIBIGEAL. 85N S I IBROBREMEBHZFC
Lk BCElckD, FEOBMUEZEIRIEL 2o AR TIEENSSEAIT —5 DKERDC, DS XIEFDT
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WIBZE T —INRED—DICEDIEITEDRICET. ISRIDBEBZEIERITDFETCHD. mULBEDD
SR EIXRSLEEIRERRL. BLBEBDD S5 (NS LHREEE RRT B,

LAWL, FELMRBREGEE RIRL CEYED S X IBBODRELEICIIERENE D, FITHEETSITH
BEERDBEDFE(CGap Statisticse VW SHEEFHAEBME AL, COFELES VY LEBREBSN
TODFEFIVEGEURIZCETHINEREEREI SFECHSD. UNULERS. SYSTLEARD
BTV VIFECERERE>THD., STV ITTVTFPOY A X EEZNEEEICESHEREE(TTCL
F ORANLEBENRD DT,

ARAETIEOSIIB. DS AIARELRELNEFE O Y FIWEDO S A ITHOBEHERELEA LR, X
HEEZ(E. FBEBELXDEMDEITIE. ISXIDT A XDBEERARS D &V IFHEFEL. £
DEHRERBEESE U GESHETH S, TOR/R. HTHEOFEHCOBBEERRL. BELD S XTI
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2o &2 T RKF2EHSIIBREMHEIO Y D DEBARDIEFEE. GNSST—F DHNSIHEEIICIERT S
ENRERTZ, X THEMNEEDAKIHNIERFERZ SN, T5IC. BTMEORBELOES LW REEE
EDORETDOSAIME - DS XIREERELLE UTKRHBCEMNTE, HEMERIRL .
BANGHERE LT, WNAFPETE. EitHR. REEBERI I TILAY FILETREIT S0 S I IER
RE5Nic, RHEMATIES - SMBERCEIRINE - EENARMBRNO SXFBREMIG U,
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Aseismic strike slip associated with the 2005-2010 Afar rifting event
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Himematsu and Furuya (2015) (320074E(CNatronitl (5 VY Z7746EE) TRELES A OBAIARY LEI(ICT
S—ANUBEDRFER CHEMEERETFNBODOREERRI DI FILERH L. CNFETERYITRET
HETIHRMBEVIVEAEMNSI I OBAAIRY RRICEL BHMEBCHUVT, TENHHPREBCABE
T30S —ARUDGEEESIKFESNEHDTIC, LMETATICHET SEFHNEEINTLZ. BED
5IERIGIZ T (CHDNatron#ICH VW TILKRE E FITAADS K ZMASAOEEDEEEIER/LLIIFIL
&, CNFTYIRBTRELRITIDBAAIRY L SHREESHER O ZEDFHTHETEIBRINTL
Ehofe.

T THAR(F2005-2010F (C TF A E 7 DAfar @I THRIRRICRE LIS 1 DBAARY b CH S IREE)
TS OBBRETOE. IS—RUDEBEEICHS TDIETNBDERT T FIUF2007FENatronfiD 1 X
YETRBEEDEDD, YIRBICHITEIT T IBAAARY N TEENICREL TLSEDEDNERIET
BCEDKAENDENTHS. —EDAARY L T—BUDICHRE UT22005FIF D1 AR Y S CHEDSIRITHIFRE
B(ISART — I POHRFERT — S EFAVTHRITMETRICHREINTUS (Wright et al., 2005; Grandin et
al., 2009). FEfTHARMNRULAARY MHESHRIRTEMET S —RY DEERTICH V) TRELETNE
DOREERBLUEN DR, —7, 2006FELED ARy IS HREE T — 5 (CIEEEFHRIBICT—5ID
TREHAESN, FMCHREEBERELIZEFIERILL. BREBETHELDEEREREN VI OKTERRT
BSART —IZE AUV ZInSAREETDIER (S, FTTHERMNTRUREBITERO L S (CEEBPRBTCEMT —T DX
IBUEENERNTUE oz, InSAREET K D €@ (C R E 8T — S Z 1§D A(CALOS/PALSART — 5 (COffset
trackingZ A Lz, 0ffset trackinglCk > CTRSNBIBEETAANDEMICREZIFDAzimuth of fsetDfiF
WERE, IS5 RUBEEERT 3K DLETOLEEE, FICEHRMEOEREOILAICITVT, XKFL
ARAZTOEFERT VI FIVERSNMILZ. COITFIVETS—RYDOEEEHICH (T DEFINBD ([
SEMMNE UIE(FNIEEREBTEEL). Azimuth of fset& AR ICEEETHARNE(CREZEIFDOMAI(Multiple
Aperture Interferometry) DIERE, Azimuth offsetMBASMC LTz K DICT S —RUDEMEEEK(CH L\ TK
FIEAMDOKEEMERS VI FTIVERR . —ARBEREAADOESZ R I Range of fsetDIERIF, FfT
MRTEREINTUVBI IS ARUBEBEEERT IEMNE Lz EERIMBRENOREERSHICL

. SNETAfarDI 1 OBAANRY +CHESHIREE & R D R ATHRET S —R Y DILERERICH (T D8
FNIRDDOEAZEHESHNCL TULEL., IRV MFICH (T IMEREADOBREEIFNMEORKEZIERL
TUVEEWTES, KRB TERAMERTCT S —ARYDEERZICH T IMINEDETRI I TV TFEEM
BIFNBD | ORFEZETRELUR. HRMRE UZBREMEERICSH (FSKFIBEARDOKERETINED DFEEX T
"X e, BEREMECIFMEURI AN DBEEY(IOCFEUENSHEIAT B, BRI D.

F—O—RFTOBEA BREOL—5. HEBETAD, TL— SREER. BRINE. ALOS/PALSAR

Keywords: Dike intrusion episode, Synthetic Aparture Radar, Aseismic slip, Divergent plate
boundary, Earthquake swarm, ALOS/PALSAR
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Simultaneous measurements of elastic wave velocity and conductivity in a brine-saturated
sandstone under confining pressures
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Pore-fluid pressure is a critical parameter that governs geodynamic processes including seismic
activities. Its evaluation through geophysical observations provides us insights into these
processes. The quantitative evaluation requires a thorough understanding of the influence of
pore-fluid pressure on geophysical parameters, such as seismic velocity and electrical
conductivity. We have studied elastic wave velocities and electrical conductivity in a
brine-saturated sandstone under different confining and pore-fluid pressures.

Berea sandstone (OH, USA) was selected as a rock sample for its high porosity (~20%) and
permeability (~107" m’). It is mainly composed of subangular quartz grains, with small amounts of
feldspar grains. Microstructural examinations showed that clay minerals (e.g., kaolinite) and
carbonates (e.g., calcite) fill many gaps between grains. The grain size is 100-200 micrometers.
Cylindrical samples (D=26 mm, L=30 mm) were saturated with 0.1 M KCl aqueous solution. Measurements
have been made using a 200 MPa hydrostatic pressure vessel, in which confining and pore-fluid
pressures can be separately controlled. An aqueous pore-fluid is electrically insulated from the
metal work by using plastic devices. Elastic wave velocity was measured with the pulse transmission
technique (PZT transducers, f=2 MHz), and electrical conductivity the two-electrode method (f=40 -
100 kHz).

Confining and pore-fluid pressures work in opposite ways. Increasing confining pressure closes
pores, while increasing pore-fluid pressure opens them. For a given pore-fluid pressure, both
compressional and shear velocities increase with increasing confining pressure, while electrical
conductivity decreases. When confining pressure is fixed, velocity decreases with increasing
pore-fluid pressure while conductivity increases. The closure and opening of pores can explain
observed changes of velocity and conductivity. For a given differential pressure, velocities show
no significant change with increasing confining pressure, while conductivity decreases. The
decrease in conductivity might be caused by irreversible compaction of clays under confining
pressures.

Keywords: Seismic Velocity, Electrical Conductivity, Fluid, Pore Fluid Pressure
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Pressure dependence of elastic wave velocity and electrical conductivity in a
brine-saturated granitic rock
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Geophysical mapping of fluids is critical for understanding crustal dynamics. A unified model of a
fluid-bearing rock for velocity and conductivity is essential for quantitative inference on the
fluid distribution. We have measured elastic wave velocities and electrical conductivity in a
brine-saturated granitic rock under hydrostatic pressures and observed pore structures by X-ray CT
and BIB-SEM. Based on observation of pores, we have constructed a phenomenological model to explain
the observed pressure dependence of velocity and conductivity.

Measurements were made on a fine grained biotite granite saturated with 0.7 mol/L KCl solution.
Both compressional and shear wave velocities increased with increasing confining pressure and
electrical conductivity decreased. The velocities approached to those of solid phase at high
pressure, while the conductivity was still much higher than that of the solid phase. These changes
must reflect the closure of pores under pressure.

X-ray CT examinations showed that a lot of grain boundaries were open and that they formed
connected conduction paths. Few intragrain cracks were observed. BIB-SEM observations on open grain
boundaries showed that the aperture varied along a grain boundary. Grain boundary segments with
large apertures must be connected to form connected conduction paths under high pressure.

“Bed of nails” model (Gangi, 1978) was employed to model an open grain boundary with varying
aperture. The model assumed a power law distribution of aperture. Compressional wave velocity was
calculated following the formulation of Carlson and Gangi (1985). “Bed of nails” model was combined
with the effective medium theory (Kirkpatrick, 1973) to calculate electrical conductivity. The
observed pressure dependence of compressional wave velocity was well reproduced, while that of
conductivity poorly reproduced. The calculated conductivity tends to be lower than the measured
value at high pressures. The model should take into account the connectivity of pores. The spatial
distribution of aperture should be investigated.

Keywords: seismic velocity, electrical conductivity, fluid, resistivity
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Electrical conductivity change in a brine-saturated granitic rock under uni-axial
compression
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Geophysical observations have shown that fluids exist pervasively within the crust. Fluids fill
intergrain cracks (open grain boundaries) and intra-grain cracks at the upper and middle crust
conditions. Since the opening of cracks strongly depends on the stress state, electrical
conductivity should be anisotropic under a stress state. We have conducted uni-axial compression
tests on brine-saturated granitic rocks and studied the change in electrical conductivity in the
directions parallel and perpendicular to the compression.

The loading system is composed of a hand press (Maximum load: 20 kN), a load cell and stainless
steel end-pieces. A fine grained (100-500 mm) biotite granite (Aji, Kagawa Pref., Japan) was
selected as a rock sample for its small grain size and textural uniformity. A cube sample with the
edge length of 25 mm was filled with 0.1 M KC1 aqueous solution and loaded up to 20 MPa. Electrical
impedance was continuously monitored during a compression test with two-electrode method (Ag-AgCl
electrodes).

Electrical conductivity decreased with increasing axial stress in the directions parallel and
perpendicular to the compression. When the axial stress was increased from @ MPa to 5 MPa, the
magnitude of decrease in conductivity was 2% and 4% in the direction parallel and perpendicular to
the compression, respectively. The decrease in conductivity was much smaller than that observed in
hydrostatic compression tests (e.g., Watanabe and Higuchi, 2015). The decrease in conductivity must
be caused by the closure of cracks, which were perpendicular or subperpendicular to the
compression.

Keywords: electrical conductivity, stress, anisotropy
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Elastic wave velocities and electrical conductivity in a brine-saturated chert
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Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and
electrical resistivity structures have been revealed to study the fluid distribution. However, the
fluid distribution has been still poorly constrained. Observed velocity and resistivity should be
combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have
studied elastic wave velocities and electrical conductivity in a brine-saturated chert to
understand the connectivity of pores at low porosity.

A fine grained chert (Kyoto Pref., Japan) was selected as a rock sample for its low porosity. The
rock sample was mostly composed of quartz. Circular disks (D=10 mm, L=3 mm) were cut from the rock
sample, and the compressional and shear wave velocities were measured to estimate the crack
density. Disc samples were filled with ©.1 M KC1 aqueous solution, and the electrical conductivity
was measured at ambient conditions with the two-electrode method. The relation between the crack
density and electrical conductivity will be presented in our poster.

F—U—FEBERERE. BRICEE. filf

Keywords: elastic wave velocity, electrical conductivity, fluid
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Sintering of fine-grained polycrystalline clinopyroxene
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ERE(ICSVWTHRATEBCRTEXNZILEBRY B26h(C(F, KEEMRIOREOMRIE (BuniEE) M
WRISIZEMNHS (e.g. Karato, 2010). C DK D ICHIKISIMBAERAERTIHICIE, KIE - ERKRENE
B(CHRIETETINRNS, HBEMRERAVCERENENTHS. ULHLENRS, BESGHTEIRRILA(CD
ESINSTETREROCHETRENEBRI S E(FHLL. ZTARETEIRALYIDEERE FR
ELTAHV, XRAYOERE RIRU ZINZERAEEFSSCEICERBL, N DEELREMEASBRE
DEBEfEE 2.

KMETRHFANNE - DASABDEIEBRILYD 1 BTHIRERBANDSSE, AT YN—Jv1k
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0005105 ) TERZERKIE LTHUVZ. SBRDBEFREZENETNHMAETL), E0OMRE —SlERE

%, PILTVHRXFESHPICIFEEHRTRE230-1280C, FIFHE2-60ETRBL 2. 85N BRI
REMER, REEMCERBZAOHERE EEREFEME (SEM) TTV), SEMRET C(CERERY T hE
AOWTRERCERRESE L. BRRAORE(C(E, XREFDH (XRD) , HALX#ERIHT (XRD) SKUSVY
DHADHEITOIE.
BONLBEHEAEDREMBHERET OLIBER, DiI7Hed3BEEIRIZATARDRIF, Di99Hed 1BEMHIA (IS LLERK
AL RFHNSEBRINSME/MERLIZ. 1230COEE T, ENTNOEBASER2mU T OEELRFH
518D, BEFRRREEETL, ENTIIERBEDS. 055 LU I3.%FTTEELZ. CNICHLT
1280CDEBERE TS, BBERHAISRIMRNEHSUnEE DIERILRI F TR SN, BELEENTNIEREED
94.1%H5 K V90.55UTTH o, CNSDFERNS, BEBIACSVTRBEED LR ICHWVWERDEELZ
FEORET, BEENTDICETFICRRRMEESNZEEZXSNSD. /T, Di87Hed13MEEA T (IHIALIL
RIF (<lpm) SHEXAEUTERIF (G5um) EMNEEL CTLISHEBETRLTHED, MhOBEHEEs LB LB d
IOEFLEN DIz, AFAEDER, 1280CKDE1230CTEEBELIRIBEIC, K DBECHET UMK (<2um)
N OBELEMNBELAZRREENEFONDS MDD O,

F—O—F G BRI

Keywords: sintering, clinopyroxene

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG63-P@5 -



SCG63-P06 HAMERSER S EA2016EAS

BEERILMICHITDIEA+FDOTREE  BEERILMS KOFHRULICET SaaNDEETCH (TSt
BORE

Lower limit of Shimanto belt: constraints from elastic wave velocities of rocks from the
Kanto Mountains and the Tanzawa Mountains
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BETCE. FRNERMFEIN D vV EVEBISTE UL TERTL — bOTISRFAT—7A. @R)IEFESE
TRMFDNEFEMACBNERIT DT DEVSERLET O RO IERI L TL\S(Sato et al., 2005, Arai et
al., 2009), BFUEMOMRITH CH BFERBEFOILAICEEA+ERDHBL TLED., BillEREICEL DT
EOE+ERUOBRE - ZRIFEXS<ERLTUVD, BA+HTESHBEEIEOM TRBICEER L TULD
EEETINTULEIN, BRFEH CIIECHBYNLRBEE D CL\BCHICEEREZDDHEENI S L
MTEEL. UhU. BEEMSICH (FIRMNMBROBECBRERZEERNT S C(F. FEERESOMmRYET
FTIICHMEOHRRUESRXR D LTEETHD. BEETHEEZERI S LTEMEARARXTHD, €T
AR, BEEMSOARNMRERNEADVHET IV ERSI T S L TCEBLUA+F - BT - FERE&BZR
RIDEAZNRE L CEET CHMEREEAEERRE XML T,
EMERRERIEERIEEEIAZZEOE LYY U —SERERBEEZHV T, BE14m. K 12mD
A7HRENRE UTRAED.0GPa T TPERE (Vp) « SEEE (Vs) « Wp/VsERIE Uz, ENRIEE LT
FIWOENRYOT 1S+ bEFERAURZ, ERERIE U THERBILAERBICET DIHRRXFTI1SRBELIZY D
Ba. WHERSBCET ZUA+FEHERNINEFEREOWS. MLABENEIZY FOWEAE. B8=%
MEEHERER LI Y FOWERS. HR/IIEBAESFAERIUMICET SHME=-RFEREEOREBEZ AL

2o SOINEBRTIFIPHE - SEREIRADT 2 7V E—REERFERAVENNIILARFEIEEEHFRAL. 560
PRERE ESEEREERFICHEL. Vp/VsERE LTz, NILARFETIE. TF. FEREREEBHNSKHER
HREDERKN—IXANREEBRTFICANT D, RIC. BREBSFEERFICKDBIKICERIN, BFELEIL
D27 LAONYy T 7—0v RZEEHKL. aREROTHE LFATRE L. EERFICE D> TSRS
IZUOBRESICEBREIND, BET—F@3FI5IATIOXI—-TTI0ENDTR—-L—I Y TZERL

2o BAIARIOLEHE TEN S DEREROENEGRRPECRUCEFEERTH D PERUSKEES KL
OVp/VsZEBIET Do

BRE - WA+HEAD. FENI0nE TICHYT DENEA0.15-0.36Palc B (TBPERE - SFRE(
5.9-6.0 km/s&3.6-3.7km/sTH D Vp/VslFW™B+HEDHETI.61. WERETI.HEBIMEERT, CDIE
Vp/Vs(FRESEXRABUVCEICEBRL TV EEXS5ND, —. FHRWIMICORT SFEBETIE 0.56Pald
FOEERIDOPEIRE HHI6.6~6.7km/s. SEOREHMHI3.8km/s. Vp/VsH#I1.75~1.76 TH Bo
AEB(CL>TESNIEMEB+HROEANPEEE (FArai et al. (2009) TR NZE@BE+HED I MIFD L SRt
FEREBDZERE (6.1-6.2km/s) E(FFRANNTHD. WA+HHRT1 OkmBOES I THHI D EERIEBT B,
A +FEDDREORERN10knLERDFREBDPEIRE (36.5-6.6km/sTH M. ARRRIC KL > TR/SNZE@A
+HRDEADPRREFBERGTICHE UV TEPRRESL.5km/sICIEZELENC ENS. SFEEHI0kmELR(ICIYHE+
HEBRI DL OLAERAESELNEET DAREMFEVEBRIND,
mOA+EOERFECARPLEADRFHNSEBRINTSD. BL\Wp/VsEEVARSERICERL TV, L
EM>T. BAE+FHIMEVp/VsDMEEE UTCRX AU NAH SR> e, BEBEZE STERFEEREL
DPBZIEREAMREBEE L TULEULESHIC. BEBEEZ TORMNEBBRAERFRRRTEIRATH DM, B
B T ithEE R (MeS0-net) (CKXBMER~ET ST+ — (Nakagawa et al., 2011) DNSZDDHEHAL T
I CENSEBOFEELTERSN S,
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Elastic wave velocities of sandstones and mudstones from the Southern Chichibu and
Shimanto belts in the Kanto Mountains and greenstone from the Tanzawa group at high
pressure.
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BEBICHVTIE. TrUEVEBTIL—RERITL—RIEHFHAATND—AT. HR/INEHEHRTEF

2 - INERIMNZ OFEEN S AMENCESR - ML (Taira et al.,1998). EHMILMRREENERINTUL
3. EHBEABOMRES . REETENBIN-EMNERBRS LUXEIROBREBEEZHNS L TEER
Th D, HRILICFHR LML & OFS/ NS RIGEROHROIENIC (. BELmAMIBLTED. 5 7I7
RECEEETL — REHAT C EICLDERSINEZRIIFE - BRE - @A +FOZNENSED, i
BEREBE NS DHEENSEBRINTUVD EFEINDIN. ZOFMEESECDVTIFRASHMCEINTULE
Vo BEBARCHVTIE. FIEEREENMTONTED. BIFES KUBITE-LARSEERNT(C & DHER
EEBSMNKSHSNTUS (Arai et al.,2009,2013,2014), FEEZEF(CH(FDIAMNME RS/ NZRITD I
RIS C DUV TARIATEIC K D KRS EMESEIRE & DR Z TV, BREADHEZTO>CEZBME L,
BEERICE. EXRYIUVS-BSGEERBRZBZAV. PR S K71 7IILE—RIRE#EF (10 Y-cut =
ZTBIFOL) EHVZRIVIRGSES KO/RILBEBEBEC KD Vp, Vs ZEBFICAE LUz, BR25CICH
WTHE/.06PaE COBMRREEREITOIZ, SBRHIRREILAMBCEITIHKRXFI1>RHLIZ Vv LD
Ba. LWREREICET A +FEERIARABHERBEOMNE. IMLABENEIZ Y ~OWE. Ga8=%
EEHEEHER LI -y FOMERS. BR/IIRAEBFABRLMICET 2HME=RFREFOREEDIERNZH
(A

BMRE - @A+HEAaN. FENI0nE ClCHEYT BSENEH0.15-0.356Palc H(FBPKRE(L5.9-6.0 km/sT
HoEM SEREE(F3.6-3.7km/sER L Vp/Vs(FEB+FDWETI.61. WERBRETL.EBIMEZ D, C
DEVp/VslE. ARBEXRABVCEICERAL TS EEZXS5ND, BEILMIEZRINSR TITON I IERIFRE
(Sato et al.,2005;Arai et al.,2009) Cl&. ZAMEN_EEBIRRDEIEIT (FREHI10kn(CPIREE6.5-6.6 km/sD
HREFLBOMERRFERN)NESND, AEXBRIERTE. @ERETICHUVTEPRKEEGL.S km/sICIFZEL
HWCENS, RIBLRICEHERF LA +HHREBR T 3L DEEAMNEFET Da8EH(HEV, BEERLTFESE
BE LTI ARSI E R RERE (Aral et al.,2013,2014) Tld. &M EERHRR(ICH UV TRFIEMET D
i CRERMNE TOPEIRE($5.6-6.0km/s. SERE(F3.4-3.7 km/sTHD. FERAIDORFRAM & ERILDD
THI6 kmBURE CTRHBROBFBEEENDIHT Do e, Vp/VslE~1.6EBMEETR L. AXBRER & BKROIERDZE
9. COREFBIXREBOMES KUAERERNSHHBNAGRSEXEOGLVHELHEDEATERINS L
RTINS,

FHEREBEHFEE D16PaZE COPEIRE(36.4-6.8 km/s. Vp/VsIIZH1.75CTh olz. PRERE(S. FHERERSEDM
MERREERBERELRIDE. FRM—TFTILVALREE~EL. ARANML 1S RAEE~PPE

Wo Vp/VsIFFERFEREEL D EE/U 0. MERREE CEFBRIRREE L DENMNICEVBFRICAHRT S
EEZ25N 3,

F—U—F EEREE. O5+E. FEERE

Keywords: elastic wave velocity, Shimanto belt, Izu collision zone
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Ultrasonic measurements of P-wave velocity and S-wave velocity under high pressure and
high temperature conditions in Oki-Dogo xenoliths, southwestern Japan
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IRTE, Tto et al(2002)=#06H & LIz ERYIEEE (C X > TABBANOM T hEREREEE N KH SN T
3. AEANIOMTERRBEZHESNCTDIC L, BRIEMOERRERREIT S L TEETHS.AMEA
KMCHWTTIVHIVXBRERCHDIATNCERE - BEREHEENZEONS. HEAEETHN
FEERRITDCENATELVWHTEBOENTH D HTEEEHREIT S LTERTHD, Takahashi et
al (1978) , Arai et al(2000), Abe et al(2005)% (XU sH& LIZFITHIEIC & o TRIRERIBEE DEMILE
AEMRERTONTUVD M T HERREBEEZE EAZNICHEBIRT 3 OH(CEEGDHERRET —INEE
TH3. BEREEHHESDHEIMEEE(CEAL TldYamane et al(2012)IC L BEEFRENREINTULS. —
. ARECIIEREREIGEEERICET IHESCH LU CEESERE T CHIEHEREINEE{TOR. &
&, PR (Vp) , SE (Vs) [FR—RBI X7 LATHESIN, EH, BREZLICHIT IREZRMERFLE.
HMERRERIEICIE, EXNYIY VS -BRISERERE, AEFRERERE, 79400 -T%H
Wz, IRBRFEZATBYFOLEFERAL, SERERFEERAVCAEE T 2. SAaRIEERN
14mm, RSHWImOPAERICKFEL, ZOREEMRELLZETDENI0CH A —T Y TURBELESE, X7
LOO7EUTERBUTIVY IFTLICHEPIFAL . Y TIVEBRPFAARL IV X5 LIERAE4m, EST80m= 1)
VARICTATN, F110.0-1.06PaRE T T0.056PafEICPK, SEREZNZENAELR. Fike, EN

1.0, 0.8, 0.6GPafFICBEEZR{LTHE, P, SREZNZNAELZ. —Hl& L TEBEHRICNT SAERBR
ZLATICRT.ESN.0 GPaBFICH UL\ TVplE7.22-7.35 km/s, Vs(d3.78-4.13 km/sTd DIz . AFEK TIZZDMD
HAERREZIEHTHRETS.

F—OU—R I EHERERE. HEE. SEXR
Keywords: Elastic wave velocity, xenoliths, high pressure experiment
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Three-Dimensional Geofluid Distribution of a Seismogenic Region, Northern Miyagi
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Northern Miyagi is located in one of the strain concentration zones in NE Japan (Miura et al.,
2004). This area is known to have high seismicity and experienced two large earthquakes, the 1962
Northern Miyagi Earthquake (M6.5) and the 2003 Northern Miyagi Earthquake (M6.2). The 2003
earthquake was well studied and its focal mechanism and aftershock distribution support that the
earthquake was a high angle reversed fault, which is a reactivation of an originally normal fault,
created in the Miocene during the Japan opening. The surface extension of the fault is recognized
as a flexure. Geologically, the area is mostly simply covered with thick sediment and is surrounded
by granitic rocks of Kitakami Mountains to the east and to the north. A high magnetic anomaly under
the Izu-Numa area may represent the existence of relatively deep sediment. The objective of this
study is to image the geofluid in three dimensions and relate them to earthquake activities in the
region. The previous studies were by 2D modelings. We used MT data at 52 sites in total: 24 sites
are new and are arranged in an approximately 2 km grid whereas two older dataset were along
profiles, one NEE-SWW profile with 18 sites (Mitsuhata et al., 2001), and one NNE-SSW profile with
12 sites (Nagao, 1997). We inverted the data using WS3dMTINV (Siripunvaraporn and Egbert, 2009) The
preliminary model showed that shallow (less than 5km depth) and deep (deeper than 5km) conductors
exist: Shallow conductors represent sedimentary layers. One of them runs along the edge of the
Kitakami Mountains. Deep conductors may imply an anomalous body containing saline fluids
originating from slab fluids. Two deep conductors are significant. One is located at south of
Izu-numa with flexure, which is consistent with the previous result of Mitsuhata et al. (2001).
Another deep conductor exists to the south toward the hypocentral region of the 2003 Northern
Miyagi earthquake. We noticed that seismic activity is high around the deep conductors covered by
high-resistivity. The may imply the episodic migration of fluid from the fluid reservoir to the
upper brittle crust triggers high seismicity.

F—O— R HRRARA. MT
Keywords: geofluid, MT
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Resistivity structure of Beppu-Haneyama fault zone

BB LR L BXL B S B BEL =B 25X, WA Mt 5B #F 5K B8 5
B = R AR IR HE. BA S8, LK BAL #h £ Lig #@

*Koki Aizawa', Takao Koyama?, Azusa Shito', Asuma Wakabayashi‘, Masahiro Miyazaki®, Kazunari Uchida'
, Yuko Tsukashima', Kaori Tsukamoto!, Kanade Takashima', Kentaro Kondo', Hiroki Kawamoto®, Shiori
Fujita', Yuto Yamamoto!, Miki Ogata®, Makoto Uyeshima’

1. NUNKZXRZRIEZHAZERME - EAM LSRR EY S —. 2. RRKZE - MEMIEA. 3. ZEWKRE - K
AZEFR. 4. UMK FIEZ KX ERI P HN

1.Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu University, 2.Earthquake
Research Institute, University of Tokyo, 3.Disaster Prevention Institute, kyoto university,
4.Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University

CNETHZATON TS TS —HER (MT) ARICKXDHIBIEEREC L > T MRBRADOMERKEC(E
BAPAREEREDESERH D ENRBEINTEZ (e.g., Ichihara et al., 2011; Ogawa et al.,
2014; Aizawa et al., 2016), MUDATI(E. BE. REARTKEEBEZ2RD . KEFIZ2RD . SMERIZ 1RO D
BFFRINEES L. BE—RIZEOILERES (71 VE—F VX)) EXFHMIZ - HHEMBOILERHR (7rv/i—)&
KD, CNSZEAYN—T3aVDANE U THIEBRBEEHET 5. ULHULENSBRISHRIERIHRE. B
ROMFTFDHARKEL . ZREVICK > TEERFREDLHBITESZHEIT 3DEFBER TIEEL, Chi
TU. BELITOHEAREZHKEL. ELIMRIOBE - HIZEMO 7V E—F VY =AUV TLHEIWEEE#
I3 WISBISOBMENTE ] NNMER. EMEINTULS (e.qg., Unsworth et al., 1997, #%BE, 1999), &
F. CO HISBHEDHINTE] RO, Zffi. B2, ABNLEBOH—MRARINIAINE LI
ol (AEM, 2015), ARRKRT(E. [BIBBZOBERNTE] &R — BELKEFHREBORE g (CER L
TRERET T, COMBCIHMRICHZORAETOMBNRR SN, PREICHAE. BBREE. MESZEL)
SKILAEFEL TL D, HEFEHEIANUELTERTHD . BERO TR HIERTH10 kmfEE & EIICHAZE
WEWSKEEIR® D, FT22007F68. 108 (CIIERNERN S XMABENT SEFRMEEREL (Maeda et
al., 2010). FEOBINMMERE(CEEEZRIEL TLBCENREBINT,

LR EMTERRNE 201588~ 10 B ([C NI T3RTITONR. COSEHBRIGEBBEDHDERAUTH D, REX TORENT
WoBONEBEREUTODED TH D, (1) REHNSHITICHEAMICHU SBELUIETANEEEEI N

Izo (2) BEHB10FLL EDphase tensor NSHETE SN D FEELLBTEEDETAMAIE. ILER-FERAMATH

D, WROMBETEMNRT S—7. 2007F6H 108 (CAIRNH CHRE URBERMEDERDLAD AHA
(Maeda et al., 2010) (CiAL\ (2) DFEEBLGIBFEEDETTIE1993F(C C OE TITON e REHAMTER RIS
R (FH, 1998) CEH/UNTH D, BERMEDNLUETBE(CZ O TEREOBEICLDEITRIIN L E
TEBLTUBIONE LNV, KEXRTETS(ICHETEES. HIBFEECRIN —BFL MER COMMEES
DEIE(C DV TREILTZ L,
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FACH VWV THERARZMERTAAEDLFENREREZFASECEE I L (HEMAI—F
2015-F2-04), USRI SEDRIFF ORI MMEERIZERRE U TERTETIREX Lic, AME
DeHC. RRAXPMEHRFEAAMENLBRE VS —DHEEI X7 LZFAL X U, AREEERIZE
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F—OU—R IMTUA LHETUEE. BFFitE
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Preliminary report on wide-band MT survey across southern part of Tohoku (on
Agano-Samegawa line)
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BEHESHNCUSHRIBREFHOA N I LBHAERZIENT, RIEFHMTUS DHADSI =5y L EREUIZE
BIAERENSNTUSD. ZOHRT, AAKRTIE, HMEEEH SEREFARMEFTBRS ST LODE -
HEM S, BIEKEFHMENEC SRIICOTHNERL, FBMEZ(IUH LT B IERTAEMEFEHEO
THCURFBERCNITOMIRKICS —Tv L EREL, WIEBTBEDHEEZTHSOE LTV, iR
(&, HRAREOEECERBRECFCRENRSDIYIEETH D, ERDMH - HREEE OB IME R RE
BE - BEEELLE EDLBRNSHTOYIE - REEBEZHESNCL, FRINREHNDST =0 RBEZEK
D. COBRNDEOIC, AAEREFEHECARECSVWTHE - GPSEDNHRESRLERMENESH SN TU
)
015FE(CHVTIE, 2015F1MANSNAICMNTT, FREMEFMHNSEERK) AT E SH150kmdDBIHR_E
N1 5RICEVWTILFEBMTERIZEM Uz, GERDNERT SILEREXBRGRARICH (TS ERSUT—5, £
ELULTHMNKRZOHEEZERIC KL > TER TN TV 3 BIRBEME ILILERISR(CH (T B EKERI 7 — 5 ZEremote

reference& UTHULZ. RERTIE, BRIBEIFICK D TESNIMT, GDSIGBEHNOZR - A= BN
935(FH, SARBEOKERES - K ERISZIREHOMEZRTL, ZOVHEBNHSESNIBEBIRICD

WCEHRI B,
B8, ARAREXHMRZE(CLD TKEOBERBICEIRI BHOMENLEARETE ] OXEERITIL
Iz.

F—OU—F I MTERRL HALEEER. 201K FAithEFRIMBESN. LHIBH. HRRRIA
Keywords: Magnetotelluric Survey, Southern Part of Tohoku District, crustal activities induced by
the 2011 Great Tohoku Earthquake, electrical resistivity, crustal fluids
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Exchangeable cation composition of the smectite-rich plate boundary fault at the Japan
Trench
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The source fault of the 2011 Tohoku-oki earthquake (M,9.0) and accompanying tsunami is extremely
enriched in pelagic smectite. To better understand physico-chemical processes in such a
smectite-rich fault zone, we examined exchangeable cation composition of core samples recovered by
the Integrated Ocean Drilling Program (IODP) Expedition 343 The Japan Trench Fast Drilling Project
(JFAST).

The exchangeable cation compositions (Na‘, Ca®*

, K" and Mg®*) for the bulk samples were determined
by two methods. Four samples including two slip zone samples were analyzed by extracting cations in
ammonium acetate solution (Schollenberger method), and the concentrations of extracted cations in
the solution were measured using an atomic absorption photometer (Z-2000; Hitachi). Other samples
were analyzed by extracting cations with cobaltihexamine [Orsini and Remy, 1976], following
standard NF X31-130 at the INRA (Institut National de Recherche Agronomique) soil analysis
laboratory in Arras, France.

Our chemical analyses revealed that the fractional concentrations of exchangeable Ca®* and Mg* are
higher in the slip zone than in surrounding host rocks, while Na' is depleted in the slip zone. K'
shows a complicated depth profile, and this is probably due to strong interaction of K* with
smectite interlayer such as K-fixation. Based on pore fluid chemistry data, we estimated apparent
selectivity coefficient of exchange reactions in ternary system of Ca’*-Mg**-Na'. Comparison of the
coefficients suggests that Na' to Mg™ exchange reaction on smectite might have progressed markedly
in the slip zone. One explanation for this feature is local progress of the reaction triggered by a
recent thermogenic event, that was probably related with frictional coseimic slip during the
earthquake. Considering that frictional property of smectite gouge is dependent on the exchangeable
cation composition, chemical processes as observed in this study are intimately linked to physical
aspect of smectite-bearing faults.

FoD— R RS ATERE. B4 YRBRIG.

Keywords: Tohoku-oki earthquake, cation exchange reaction, pelagic smectite
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Generation of pseudotachylyte and interseismic plastic deformation under granulite facies
conditions at Tonagh Island in the Napier Complex, East Antarctica
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Seismic faulting (pseudotachylytes-producing faulting) and plastic deformation (formation of
ultramylonite) alternated under lower continental crustal conditions in Tonagh Island (Toyoshima et
al., 1999). We illustrate interseismic plastic deformations related to the Tonagh pseudotachylytes
as examples of ancient seismogenic zones in lower crust.

There are many granulite-facies mylonite zones in Tonagh Island, the Napier Complex, East
Antarctica. In some of them, cataclastic zones occur. Cataclastic zones are composed of alternation
of thin ultramylonites and pseudotachylytes formed under granulite-facies conditions. Cataclastic
zones are pseudotachylyte-producing fault zones. Granulite-facies ultramylonites occur also
abundant outside cataclastic zones. There are evidences for multiple generations of
pseudotachylytes and ultramylonites under granulite facies conditions.

There are two different types of granulite-facies ultramylonites in microstructures of
recrystallized plagioclase grains: type 1 and 2. Type 1 ultramylonites have polygonal medium
grains, with abundant triplejunctions, of plagioclase with smooth grain boundaries and very weakly
undulose extinction. Recrystallized quart grains of type 1 ultramylonites have polygonal shapes,
accompanied by fine recrystallized quartz grains. Type 2 ultramylonites include very fine grains
and elongated fine grains of plagioclase with strongly undulose extinction and irregular grain
boundaries with bulges. Plagioclase grains were fractured and became cataclasites before formation
of type 2mylonites. Quart of type 2 ultramylonites is strongly elongated quartz porphyroclasts with
bulges and fine recrystallized grains. Quartz ribbons are also abundant in type 2 ultramylonites.
Type 2 ultramylonites occur only in cataclastic zones (granulite-facies pseudotachylytes-generating
fault zones) and have been cut by fault veins of pseudotachylyte. Type 2 ultramylonites include
porphyroclasts of plagioclase aggregates of type 1 ultramylonites. Pseudotachylytes include
fragments of plagioclase aggregates of both type 1 and type 2 ultramylonites. Some of the
granulite-facies pseudotachylytes were mylonitized and became type 2 ultramylonites, which have
also been cut by other granulite-facies pseudotachylytes. The microstructures of quartz of type 2
ultramylonites appear occasionally to have become polygons, which observed in type 1
ultramylonites. Many of pseudotachylytes were subjected to type 2 mylonitization and show a
mylonitic foliation.

We clarified generation of pseudotachylytes occurred under high-temperature, lower crustal
conditions in the Tonagh Island. We also recognized the following two interseismic plastic
deformations under lower crustal, high-temperature conditions.

(1) Low strain rate or low differential stress plastic deformation

(2) High strain rate or high differential stress plastic deformation
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The microstructural and petrological features of lower crustal shear zones point to locally and
temporally, high strain rate or high differential stress at the cataclasitic zones immediately
before and after seismic faulting. These features also suggest continuous low strain rate or low
differential stress plastic deformation punctuated by episodes of high strain rate or high
differential stress plastic deformation, leading of following to seismic events.

This is imaged acceleration of strain rate or stress relaxation before or after seismic events,
respectively.

F—O—R:!Y1-R5FSr . VrOF 1 b EEREUETAEHE. TERHR
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LD IRERR D FIHER) DE T (SBHIERAXS CBENBIRAE L >z, 2L T, RENICET —2 VD OB
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ERBD.

AR RS —TIIDFDP-UEHI D EAETE, EHECDVTEFENDEEEIC, BOSNRIZRBROAE, 79D
FEO, BARBBCOVTIENDS.

F—O—F 7V VKE. DFDOP-2. WiEHEHI. WTEDOE. RE. MERE

Keywords: The Alipine Fault, DFDP-2, Fault zone drilling, Fault Mechanics, Geophsical wireline
logging, earthquakes
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HESEHEOERRIFHEE BEXAN I LDOER
Frictional Characteristics of Cleaved Mica Surfaces and Theoretical Considerations of the
Frictional Mechanism

“EARS &' AE s Al sk

*Hiroshi Sakuma', Kenji Kawai’, Ikuo Katayama’

1.8 - MRmMEEE. 2. 1T KE. 3.LBXEF

1.National Institute for Materials Science, 2.University of Tokyo, 3.Hiroshima University

ah - YREOBERIE, MECEELCKHBIRNDPOMBED ZEMRI S L TCEETH D, AMETIEIMBEDR
X EREERHMICEEHT S, EF - T IMEHINNIS/NSEERIRE (0.1 ~ 0.8) ZRL. [REKDOEE
Zl< RT3,

CNFITEBROER - HHitHMOEEREHOERE. BEBEIRILF— (interlayer bonding energy,
ILBE) AR HG B EEZEXSNTUE [11M REDEREERCERETEN S, ILBE & BRI O D LLHIREE
ROBETHEWC ENREINE [2-4], ARET(IE. ER - XTI OEEREZXEI SEOEREHASH
[CTBCEEBRNE L. EHEERAER(C L SR EAERE{001} DEEFM O S L UE—RESEFIRESHE
(X DERRB D& L 2o

DEHEEREARR T (3. SEIRIGIZES MPan' 560 MPalcE b B, BAMIIGHZERIEL. ARG & ERIC I TR
TBCETEREHEEH Uz, SFRICNNBINT (LR > T BEEEHIEHD Uz CDXKSILHRIT K
FHEE. B - RTIEIOMKRTERRINTULSD[2]e ULHAULERSZOXADZILERFKREATHD. SEID
SHRHEOERERS LUE—REABDBRNS AN ZILZEERT 3.
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RMIRADIGRERE(CEIT 3 EERRIEDKFE

Characteristics of dependency of frictional properties on after-slip propagation speed

B BN B 5. B8 B B =XKL I S
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KEBELTL— MEREMMENRE TS L, ZNICH > TABIGEIZIRMWIRDICEOT, REEZFHT
BCERMENTULD. ZD0z0, GIEEEEICHETIRMIRNDMYIBRFKEBRI D L(E, KBV
AOEEFTET I LCEEBLRBELOTVS. TU—HERETRETIRMIARNDDIGEERE(IC DU
T, ENEAEERNSEESNLCRE - KEKEFEREBRAICEDVZ/AS XS —&FE > THIE>
SaL—Y3avhsBRTEZICENMSNTUSD. ZCT, BRIEESSESICHETTILD/IISXI—
F1—ZVJ0ETBCEICLD, EROBOEEPRUEEHEIT SMENTONTE . ARETECNEST S
(CERBTHE, RMWIRDDEGEBEERECDVWTER/IISXI—BEEEMERCNEENSBRINZEHRE LT
KITED LS, ERNEBAET O R, ZTORBR, BR/IISAI—atBWMERLNNKETVEE, RWT
RO DIGEERE (SHEBEEHNICRHD L, BR/IISXI—bEBHENIT R0 Edc(d, BHEBELOBBEERICIKET
DEOD, ELMICIHMGERE SRR (bFIE, ddFBDESE) ([CHdEhEIDSNE. CC

T, IGNEBELORREREHNE HIBNICKIR - BT CET3HE(1CIE, (FEEENICHETET I EEHNHSN

. E5(C, EEREKEFEEEBRAND—D TH SNagata-lanTHEER/IS X I —cDKREFEIC DV TEEZRE

2.

a1 et

F—D—F  FEREKTERENRL. BWERCD. BEETY VT

Keywords: rate- and state-dependent friction, effective normal stress, numerical modeling
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BB D S DIRBER R OIEZ AR ICE D < MIBFRER (CRET %% : BRILKEDH
Study of fault evolution based on texture and chemical analyses of fault gouge: Case study
of the Byobuyama fault, Gifu prefecture, central Japan.
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HhERITS (C(SEZ < DIEMTBNFEL . BHIKMBERAZZBAL CTULD. CDXSLERIEL. )RS
DR (CKE<FEL. BEOMEORZBREEZEX S LTEELERTHIEERD, EBEICETD
MRIFFECZENTH IR, HIEEDRERT —IVERET S L TE. MEZHRERMRINELL KBF
RTIE EBE SNSERILKE CEMBMTES, 1991) EFAIC. ZDEELZERT SFAERMBEAREZ
BHE Uiz, MBEDEBERERCIEZEDEIT O
WRE LUCBRS, REERRHRISOMGERAVCEBL T SMBEET. BREHLIRWME (FHE=
feREFE) & FR)IItE (BREEER) HNERIRTE I SIRFMBEETH S, RBRMCTHREINDIM
MBREE. KBRICHIDOL—Y 1 bR EMBNDIFTEBRIN. DI L—Y 1 EHFTE>EETN. K
BADIETCIEETFNERELEY XZRT (FWED, 2015) ., e MBADIBTIIBRAKRUERER
DEVHNSEHBDT IV -UHRRHSN. ENETNEHETY IRRLSIBERMABEINTLS

(Katori - Kobayashi, 2015) o CN5NDCENS. ABBBCEHRINIMBEH D IFEE. BHOEFIRE R
BFUTHED, ZFACOEFBREERTIINDICELTCLDEERD. AAKRTI(E. MIBEBICHOSEE - BE
ERZRETT 37126, RIACTEMER R USEME AL\ IHEREERSR. RockJock (Eberl, 2003) ZEFU\ZXRDEE
M. XGTES#T CRIEITSR @ Al. Siv Ko Ca. Tio Mno Fe ) . EPMAEISMT CRIETT
% ! Na. Mg. Al Si. P. K. Ca. Ti Mn. Fe) Z1TDT2,
FEREOBRRODHNS. UTOBRNESNIT,

- WBAH D IBAMICHSVT., BECRIELERDY—VHEEL. GETNEYIZERIR—T-005
A DREEIND,

-MIEADIEERE. XTI ERTA ST EASEBRIN. ZLDY—VYTEIXIIAREEARET
3. LU, RBEEARRSNBIY—YDHTSTREEREET D,

R=T«OISXLDT—ILE (TLYIYv—2Iv D) [CBVT. AE - hURA - BESIERCELSD
HAEARRSNBDICTL T, RRARNaDBREBUVVABHEBNEN SN S,
D EDERED., REILMTEDFEZEBR I KB N D IF(E. EHOETEREEZLRL TCHD. ZDE
FE - ZEFRICEBULHRVNEET B. RICRBEENARSNIMBEHD I DMEMIE. ZEOREDEFLEE
MU, 157 RCBTCEDSHBNEER (200CHIE) OHTAMNREALTERINZEEZXSND, &
lz. RIRAOALRBEREE. RIDBIEZRESEIRET COEEERET SHREENH S, AKEKTE. BERE
LB DMIE N D IFICEB L. B - ZEFRANEBIC DV TERT do
HEH. KRS, BEEXFLAEFRIRIVF-TERIESEE MMBLSKNAESFEE (WERBERAZ M
HEEERANTREFRE) 1| CTROSNIZMRO—EZER LT,
5| Ak
SERTBIARSR, 1991, #1iR BARDEKRE. RRAXFHRE.

Eberl, D., 2003, User guide to RockJock -A program for determining quantitative mineralogy from
X-ray diffraction data. U.S. Geological Survey Open File Report.
BERKEND, 2015, IXRBRERSSICUET FREILKMBOR: - TEER. BAMIKXRERZES2015FX
= S$-5529-P06.
Takuma Katori and Kenta Kobayashi, 2015, Kinematic vicissitudes and the spatial distribution of the
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alteration zone related to the Byobuyama fault, central Japan (Implication; Influence of another
faults) . American Geophysical Union 2015 Fall Meeting T31A-2846.

F—OU—F WBREL. BN DY, EWE. M. BELKE

Keywords: Fault evolution, Fault gouge, Active fault, Clay mineral, Byobuyama fault
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block-in-matrix@B&(CHSNDIWETOvIDOY 1 X 9% | AEEAE AT 0H
Size distribution of sandstone blocks in block-in-matrix fabrics of the Shimanto Belt,
southwest Japan

M B, BEERN &1
*Yu Tabuchi', Satoshi Tonai’
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IMETLUEE LIFHS5NBblock-in-matrixfBiE(d, MIRMETORBEPHMT CTOER, FALETTERES
N, IATEC SYERRCHIRESH ZRRET SLHICEETHSD. LHL, BROBIRPCEED LESEI(C
KO TEEDBENRDHNSHVE S ICIERADERNEL <, ZOLSEEEICEBWLHIMEENNETH
3. TCT, JOvIOOYrApHISEB LR, IREXE, MBEEE DIEUBIEIC X > TER SN SR
DRBEY 1 IDMIERETFHDHET T (Shimamoto and Nagahama,199278E) . LHL, Bmh 510 mEED D
OvOERRE UEROMEFII(FE ALV, REXRIE, BEICEY BETHIEMND Sblock-in-matrixi&
BEEEDEMOEBEAICOVTIOVIDY A ARHDEVERAN, ZOEBHEZRLZ.
WRIFEB+HFENSSHERAL. ZNS5NDS5, MEOMER FE=RISLERE r aE=XR=EFE ' B
BRFRE) (IREEERE (UT, BEE) cdh, BOOUEOMER (HERLRAS VI 1 - HE
RBEQIE) (IIIERICHVT TREINIZERE (LT, BiEE) cShTund. CNSOEREF)
FNE, WEJOvIONEESESECEDEEINblock-in-matrix@EE LTULS. Tz, EDStEER
ARENICEAETEVTHD, AECEUEBENBEICHSNS. BEICE, &Z1.5-50 mhSERE T A
FICBELULEKRERML, REIM20 pixellALOTOvOEXNRE Ulz. SHMETH400-4000B0O 0OV O D
R#ERELE.

RAEDRER, RIBRECEBAETCIOVIDT A IDHENRELSCERDN Oz, BBV A XDHENRTET
EL TRERBRE RN B &, BRAEINZSTS UERE, EFE, SHEETIE, £Nh210.993, 0.984,
0.997THhofc. ZNICNULT, BBEALINDIABXAS Y I 1 EBRIIIEIE, ZNEN0.9805KTV0.897TH
D, BRACLEARBENST,

ROELD, SEFRRIDDEBACDONT, RERDHL VB EHKLEE. Fiz, SHEBCIRAZIASE
EOITOYIEDOVTHIIRAENS, EEEMN07°-10 mOEE T OREENMESRI CERDMN DI, B
YOV EMRIERC K DRIRDEANECS. SOIEIE L CAERIES, EMREERENE < iRIFn D
OvoNY+A IDHEFSELULITHBLLEBRLUE. —75, BEAE SN3HEIC DV TR OMEAELH
(BELE2ZDE, BEROWRBERBDERELL & kMURE(CHKZ U ARIBELEE(ICED, TOVIBREED
Y1 AmoEHEEERZ.

EDCENSHIBEAEEMBATIEITOVIDY A IRHENREBLDCEMRDN D2, YA XDHDAETHEEM
NoDIFN(E, BIERETHSNSblock-in-matrixiBEICDUVT, ZORRAERDBIIEEE L THEMNELN
AYAN

F—DJ—R Yo X9, block-in-matrixi@&&,. A, MAE+&H. XS5VTa
Keywords: size distribution, block-in-matrix fabric, accretionary complex, Shimanto Belt, mélange
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WIBEBCHEDS NI O L —Y 1 EHEDOBIERERE | PREBEERDA
Structural development in cataclasite zones associated with faulting: an example of the
Median Tectonic Line

SRR T & @R 508
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1. CBEXFZ A FRIEFFREARRNFEER
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AEBAARICHVTEAAMIC800kn FIER SN SHREERIE, AEAANFTO=RKIIFEAFTDERFTDE
REMBAATERARENKHECSHS. REEEL CLBMTOMBOEBETHSEANEEL TLOKIRFER
RIBDCEFMNICREETHD. 2D, BESEHNL TLEHBENERBE L EHRNICABEIT D L&
KB EE CESERADBENDER B ENRKETIERIT 3 L CHERBICEETHD. AMETIE, =SEM
IRhERER A (CH T SPIESROBRIOMERZER L, aROHMEENIE, REOERZTOC
ET, PREBSROWEEE(C L DHEUBIREE WEEE(CRR T SMEBENDRREREHSNCTS.

AR TE=ERMRHREHAHORAAACERINSHIRESIRCERT D, BEILAANDSADR (A
A2 kmE(ICEET D) T300 MEEDIL— VY TEER L. T+ —ILRABEOEBR, A TEEEN
TUNSZRIEREEDF v — ~ESTLVEBERSE O 50m) E=RIEREEICBISFv—h3=F 7
MERREITIRERS (~90m) , BRIEESEERONIOL—Y 1~ (~80m) LBERICHESETIROBRE
ERZEZ(Fz7OKvr0OF 1k (> 15m) MELO>TUVBZEMRESHEL>fE. TSICAKAMTO IOV
OFrbtENIOL—YrrE, EINBBE(KR/mEYRI VIR - DS IS DEEDAETHEL
z. ANBEEBAEDER, CNoSOERIEKRME, S5, SRR, MO 4BRBCHETET S ENEH
SheEolz. CONEHETIE, PREBERIGIVFEBRRNR (BNBORENEZLL) , BEIHBIC
DNTERRMNGEL (BINBEMRDEN) Bo>TULDERBASHEL Tz, —F, BRRAEICDVWTIOSINEZE
NENEVEREL TULIMRILEY YU WD R (KIfE< ~50 umDBREE D\ SBREINDEEER L) EHE!
U, YVRUYOIOURERHDI VR I VIR - DSIERIEORBRNS(E, FRAICTIEHZATORY
1OFAREATID LT RNV EY YD ZDOERE XS EREICHTDENTER : (A) ~20%,
(B) 40~50%, (C) ~100%. TSICZDOONFEBEROLREEBTEFEME (SEM) & AU\ SR
5, MEORZENZN2IDDERBEICHTDCEMRTEZ. BEANICIZA)DERHFENB DR EZEDEE(C
£o>T2aTN, (ODFHKEVRYYOIICHKET IHRUOFEBEBENDER T2z, Ee, ENBEEL
YhUWO X - OS5 R SHIERBRR~EERE (A) DOERECEREERDDILSCESNZIETND, ZNDEDH
IR~ s8iEe, (B)~(O)DEETIEH T DHEBERRSNEVWE VWS CERBESHEL D,

EOHE BRERLD, AMEMIEO IO Y1OF 1 ~ENT I L —Y 1 SEIWRORE(C DU

T, 1-5(YRU YO RDESHAERENSCENBBEDEBVEDNDE1"ELR)DSERECHITDRENTETRE
E23. TEABOL—Y 1 LOBEREICIE, ENBOEM (1~2) - @KL (2~4) - FEER (4~5) D
IDDRAT—INEELTUVDEERIND. MIRHMEDRXT— (2-4) TIE, BUICTETZENENRAR (T
KU, YVRUYOREAMEINMLTULW EEZXS5ND. FFEBEBRDODIXT—I (4~5) TIXENBRELER
o, ZNICERT 3R - TN ELLS KUOEAERINFEZS X TUVIAREENRDSD. CNS5OERE
HMENCYTEINHAITEHNICERTSE, JORYrOF 1 MEAITIET, 28, DRESREITIISOREDHIE
ERDOASOL—TrREELTUVDM, ZORTIEE, 4, SOERBOAS O L —Y9 1 ARBE&E(CHTLT
WBCERDND. COAZIOL—Y FFERNTORBRAEIEE, YVEY YO IEDOEMICDENRSEINE
DK ZEEFEOMBERZEET U (Fusseis et al., 2006, Schrank et al., 2008)ICHIETEHTHERI DL
DEIRETH S.

F—O—R I REER NIOL—Y1 b~ ENAR. HES

Keywords: Median Tectonic Line, cataclasite, pressure solution, fault zone
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ER M R4 A B ET A | DA REBIEIREEIE ¥ -+ O F 1 b DEMEREIEHE R
Brittle and ductile textures within Kashio mylonites along the Median Tectonic Line,
Urakawa area, Shizuoka, Japan
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ARERFE TS AR 75 B R A BEEDH) | MR (C M I IBEV O 1 FOBEREBRREIC DV TERL
2. FRBERIEIEATREASEMBEFRFCHD, HAENFEWFICD T IMERRTEHS. PIBER
AOORFERICH T SMBESEREBENDEBIEV 077 rEEREEROVOF 7 LB
3. MERIARIOBEVYOF 1 NIRRT, RERHMASENLUZ. EBREECEE, BSBSCFTELETCER
ZERR L, BREIRESIM-EBSDY X F LIC KB AEDBREANBWNET O, e, SETOIYBREDSH
[CXRDEFVz. BEV 7O ~IMR/SEESEBRER— 7 00 5 X b € DHBNGIEM S RiESZE
U, BEE0RansIONYrOF 1, YrOF 1k, DILRSYrOF 7 ~CHESI N, O
OF 1 ~MIAERNEMEBRIEAICK > THRIEL, HRIBRERAEEARAR-T OS> REFDM
—EWOR—T OIS CFENHNERING. YrOF 1 ~TRAEERERANSESMAIEE IR 20umi2
ECHREL TV Nz, FORYrOF 7 ~ERKRICREDR—T OS5I O—ETENNERINEZ. D
WhSYrO0F 1 REIR=T OS5I MREEAELELSER(CHRIELIZARERAESTUEEHRTER S
ncuz., SSICEEHO—MASINTHELUBIEL THD, EHEMRICEE L CRERIEEEBNREZEL NS
D=1 kICEELTUVZ. FENDIIL—Y1 MUERBREARZERTCEERRO V- OF 1 ~NEEG
ZZBAREEBBICEINTLE. INSTARTOEGHRICEAILY 1 RAERSI N, FORVYrOF
ThENIOL—Y7CEBO—EVI 7 LRARERSINE. BRAMEBTORBRE, IRXTOVrOF 7 K&
BEOEHAYABICEFR LD 7 IV OEFDCENDA . BAEEADYEEFT T 7 IV v I (FRED
prismI RO RSEHBIT IERETERIND 20, TRIBRECTERSINZAEMENRSS. T5(C, —FnvrOF
ThOTFITUVIICE, YEERCMZTOOXAT—RILGBIWE, YVTILA—-—RILERLIZ. CN5D
J7 Uy OEFHRECTERIT SprismI RNDMNSERTEBIT SrhombIRD, ET5(C basalIRD(CE{LL T
EEZS5ND. U EDRERIEM B ARBLE) IR OBEE Y+ OF -+ LA RSREAOIEMEIT A S MEitEfa1E(C
BLSEHERAERAEZ(IECEETIRT D, COXDEIEMED SHEMEF TOREEREBENE(L (SIS SR
BOEEZE RIRL TULBH\E LN,

F—OU—R ! REBER BEV O~ MMRIRESR. aRESTO 7 Iy D

Keywords: Median Tectonic Line, Kashio mylonite, Brittle texture, Quartz c-axis fabric
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Localized chemical changes of the fault gouges at the Awano-Tabiki outcrop of the Median
Tectonic Line in Matsusaka-city, Mie Prefecture
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PRESREERABHOARELESRE CHDELE(C. REBICDEZSEFHEBEEELTHD. HEOXEL
R EM DO TUL D, FEBEORIN S, BEICKHBRREHIH T ORLERE(CAE L TUL T & T DR
MRESNTLBEHFIND. AARTE. MBRADKETE UL BEFERLERFIT DL ZBNIC. =8
BEMRMOES - H5IBEENRE LT, MEWRRE(CH (TS EZ AR ILYER & BRI ORI
ERDHT(C K DREIEIT O lc. MARKROIADI T, BEFRDE LTTIL=T2E20 wtSRBE

L. RockJock (Eberl, 2003) &R\ CIHAMER B EIT DT,

FAENRE LR - H5IBETE. EEENIE ORECEmAMICHISomIC DTz D hRESERNEL U
T3, PRESEOREA (TRE) (C=RINERE. 6 (EBEA) (CRREEFELOHERES. RUERST
DOMFH = —FILERDTHLTUV D, ZRIIERAFRREERNS20 mFLE(CHRD S I TILREDRRE
WOTHD. CORBICIFBEEINERIIENTMEENREEL TLD (BNED, 2015) ., BEARAITIE. &
HEERRUZOTEH nOMR(ICRAEATIHEROIRDEREZEL. BEFLOBERTHEICENDET
RDETHBIEEXSND, LRIDIADHEISL, BERKCIIFMREBFAYOERETREBCUEL. EIEA
i CIFRRBEHEU DERES & = RNEREDEBERERIC—BLU TV D, TINDEOARE. BEEAIRA
DI REBADI, BEEBENOINSKD, EEBAASEMRICET S, REHD I(TEGRR(CHR

L. BISNHTEREREBEIZCENS. B IADATHIEEXS5NS,

BAXRAITOBRE D RETDIT(ECa0, Mg, Fe,0,, Ignition LossAMEML. Si0,ABLT B, F

lev EIRDEERAZHMBITNaD, ALD,, Ca0, Mn0, Mg, Fe0,MBHEBIEAERT . KHEIRDEUSN
Tl EZEROEELEEBIFRENRLEDEEZIOND TSI XY LERRIFERH SNIEL, RockJockDiE
RED TIRDADLBAEFIANDARUO TRATHIIMOEEENKSELOTUVS, T, £T
ROETEIXTS 1~ ROVA SAERICHATRIBICEZSEDTUVD, EEEIRNDEMANT(E. #:42
ERNEZELEEBIRENRRLEDEEXOSND TSI XY LERIFERH SN0,

FIARDMEICH(FSCa0, Mg0, Fe,0,, Ignition LossMDIFME Si0,DENFREBIBILM DR & Z NI SSIO,
DOENHVEHLD CTHIETE B8R H D, ZC T TINDEEEDOHREZIROAOKHEN D IDRE
EHELT, BCITKBIEHME U THI(IC(a, Mg, FehEINT 3 & EDSINETHILRACREAL Tl
Tolce RE~DCa, Mg, FeMIEMIEZENZNERLBIDDMI UCEHE L TKREL. ENOOEHZHNT
SIOEDLERD D, RIC. BHTERINSEZEBRDOEARETARDEOKBEAD I DIEISE D K SI(CHRIN
“EERCLIDEBEHDEZERD . ZORBR. TRAOHNEZEREE INERN_FEEOEEREDHTNS
<IEBEND. TEIRDEOKHEADIETREADKEN DI EREE U TRBIRIMNFERINS LI
KO TUHEZHEBRDEALZEHRATE D CEMDN o, TREAIDKMEBANDIEZEREETIRE. EITRDELCT
BATHIIYOSEENELIL TLIREFATNNTH B,
COBIETIHBWAFEDRBREVCENNDS T, (EZERKRUIEYHEROZLIEEITROADH(CER
LTULDe CNEFEITARDEDH CHEELIK-BFARILEE U EEZREL TLIS, Oohashi et al. (2015)
[FRAXDBI A LDEIGHN30 EEEBR D EEBRRBAASEBTIZCLERELTLVS, DT FIAN
DEIFIADT 51 EHRERSNDRETEK-EARIGOBRICKDBENRBRICLLATEDH TS H o
EEX5NS,

Eberl (2003) USGS Open-File Rep., 2003-78.
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Oohashi et al. (2015) Jour. Geophys. Res., 120, 1572-1586.
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F—DO—F  BAREEZERE. MEADY. hREBER

Keywords: localized chemical changes, fault gouges, Median Tectonic Line

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG@63-P21 -



SCG63-P22 HAMERSER S EA2016EAS

18 B K U'RE 5 iE RER DRI DR
Fault Properties of the Shionohira Fault and its Southern Extension in Fukushima and
Ibaraki Prefectures, Japan

|5 FR. BEH = B BEF. 5K M8AL B S5, BT 1%L A ERL ER A
*Masao Kametaka', Toru Sakai', Yumiko Tanaka', Kazuhiro Aoki’, Yoshihiro Tanaka’, Kazuyoshi Seshimo’
, Masakazu Niwa?, Yuki Masuda’

1.9V 3VTILE Y~ 2. BRRT IS
1.Dia Consultants, 2.Japan Atomic Energy Agency

201MEARNBICHRE UIEEBBEIGED OHIE (Mj7.0; LUT4.11M1E) (CX>T, BEEVHDETHEAARIRA
BAEHNS BEMAIAEC, JbibFE-FERERCHI14knCDE > THOUBMRMEHRENTLERL, B FHEC G
Enfrz (AEH, 2011) (CCTIHEFERRBEMT) .

ANTMEMEIOMEE LT, THRE BAROFEHRE] CEXBMESE. 1991) ZLEICIXDHFRMBO—E%
Y EHRBEORVDH DU ZT7 XV ] ARRESNTL . B/ FRENL, CORL—XEEFEF—HTS
n, THR BAROENE] TE, 4. 1MMEOHMRMEMBOHRUBENRERLD EEAX THEAEIN, BE
PREMER (BE(EH, 1957) (CHRVWTEKBE L TRINTLSMERBNERL TULSD (ZCTIIIEES
X & BESY) .

EESE, A NMMEOEHRBEIBEHXEANEVCEBLUZHEE MIEEESHTULS BIXIE, 85(F

m, 2015 BARIEN, 201578E) . AEKT(E, FBXBEEIEFMXBEOR—") VIRBEFEBEOBRE, 85
NI 7HEROBREOERERDICIRET S.

AEMIEOME S, HAFFEREEICBIIBRAEL, TNoEHBEI ILEZR~FFE=-RHBEEND
mLTHD, B FHERVCEAERSONEIHBEKL TULS. FEXETE, VWHEHHAREZEHD
18 it R ORISR (CH VT, BEABROOY RRNEAMUA—ILI7E#EEBLIZ. B Pl T
IMERUSENRINHR—U VIETL, MADR#EIT7 TIRERS CHBEEBEOERAIC, 18#20~30cm®d
BREAOIEESKBE (N20W/750) HSRosne. MBADIEDICIIMEERNREZL, FICTRAD
BREESICE<DMLTVS. —7A, BlLbitmTEENRISHR—U VI ETY, [#EIT7 TRIERESDH
PR PI(CIBRN2ScnDBE A D I EHESKIEE (N7W/80W) MBHSNIZ.

IEFEFXAETIE, B HEAEE Ly EOKEIbASRICHVTOY RREHFMUA—ILI7ER#EEEREL
fz. BEILZO7(ESREMNXVESHNSIBICERT, HFE=RIEEEE (F(CKE) , BREBES, WE  BER
EDIBECHAMLTUVSD. COSEEBEED—, MUBRFEEIETHEENICKLDIERESZ(TTL

3. BErBEeRa3ENICETREEGRREEZISNDD, MBICKDIBROEHZNDBRISABETH
3. J7FE20.3IDECIEN2anDRIFE A DI EHSKEBE (NAE/740) R, T 75RE20.86mNHE (CHEH
NemDIRREA D IRVREBH DI EHSKBE (N1E/86W) NRHSND. BIESFRERSITREOKE AR
(CFEHOEN, BEIREFESEROMEAKREWE - BERAEROMEAKOBRICMABELTVS. DI
OFTBEAIC(IWBABNGS, —BEAIIL - MMEROBERE L IZERERT.

R DIRECER T SMBEOWRN S, 1B FMEBRUEHERPBCIOE=REBSEDHERELEINS
WIESEENDNE U T U\ RTREE N RIR S NS,

XIROIA D OBRN S, EIHXEDIE /) FMm R ORISR OBREAROMB A D IICIEFI XTI 1 ~H%<
BINTHD, BEADEEERJDLUNEREBETEEV. —F, IEFBXBEOK IR OELT DY
[CEFINIHLIMC(IFBENLEBHNZ L, XTI RS EHMEDNTULSIRZNELEIADII(C
KOTEFELOTUVD. CDLDIC, FEREEIFEHXBETEIMEA DI ZBRT DML IMCERELE
NBHENS.

(3Z#k]

BAMBAEH, 2015, 1B FEMHBICHIITIMEN DI NERFE. EESARWISERSFRES, S(G57-25.
ALEWZH, 2011, HAMERZES-1—XXL 59—, vol.23, no.5, 36-38.

EB5IEEEH, 2015, B FHEOBEREMRE MBS, ESAR01FEXRSFBEES, S(G57-P32.
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AEEZ(TH, 1957, BERMAMER, 1:50,00078 5 CSHEAE. HEFERT, 154p.

FD—R S THE. ENE. BRI WEADY. WEEBE
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18 FHEICH TIMBHD I DERSYE (2D 2)

—HWE (1B FHBRSERES) (CHITBIMBN DI D& -

Frictional Properties of Shionohira Fault Gouge (Part 2)

-A Comparison with Kuruma Fault Gouge at the Southern Extension of Shionohira Fault-

*EA MEL. BT ABE. Ak FE. 3 EAL EA HE. 88 EBL OBH FLOIRA FE
*Kazuhiro Aoki', Kazuyoshi Seshimo', Yoshihiro Tanaka', Masakazu Niwa', Yuki Masuda', Masao Kametaka’
, Toru Sakai?, Toshihiko Shimamoto’®

1.BRRFNAERFEERE. 2.9 I UFILI Y~ 3. REMERMMERTEET
1.Japan Atomic Energy Agency, 2.Dia Consultants, 3.Institute of Geology, China Earthquake
Administration

0NEARNMBICERELEBEEEED OMIE (201NEQEIGPHMENDRARE) (CL>T. FILAAERZD
BEREVDEM T, bIbtFEAHSEEEANZEV D MRMEHBENRER Uz, ALIEH (2011) (CL>TE Fi
BmadInie (UTIEBRBEERS) « COMBORMAERECIEAAAOY Z7 XY ~AEEISNEKE
EFEENTUVBMR, COXBICIZMRE[MIZBEBNEN >z (UTIEFBXBEEER), BEES(F4.1MMMECLD
SEEXEEIEFBXBAEMBVNSGEEUCHEE - AIREENTHD. EFENEERETIIEEBXENDEEY
TIWERVWCERERERERE Lz, SEOHRKRTIE. BEBXEEIEFHXEADOMmA THEY U Iz XEs#H 1
THoEMUEKBH D I Z AU ER~SRERERERICDVTHRET 3,

AR, PEMERMEMEMANE T SREEHTNER - SRERABREERZ, IRXDERE(F0.2
microns/s~2m/s. ER T CHEKIZIZNKEMYE. EBILNEZLDIES 1 MPa, R REBIE UL TEARISEL)
EHFE NI TIAVAESR I NV ERAWTERES CH DIz, 770V - XKYU—TJTEHVWTHIDIZHALEZD
T. EREPIKRBETTH L oz, Rl FIEFEBXBE TH BERBD/K LIS TOFRE20.90~20.95mD
WMBH D IS LEHXEATHDIE ) FHEDSS. BIMMR TORE2.82~12.87Tm IR FR TORE
5.96~6.00mCHEN L e MBI I &= HE L T,

BBHDINITRDEFI. (F&AERERFHENTRHD SNLOMERED (10~100 microns/sIUT) . BEEL
REBENBHONDIHRE. HIUELVWIRDFGEARS C SEREE (1~10 nm/sBlE) TRED(F5
N3, EARETOHDIE. B - PHEEHICHULTO.6~1.00EV\EEBEARI N, B&E T30, 1HIED
BUOEBEREHETRT, —ASKRETTE. JINEE FOERBEAR YOI 7HRHIIERTTO. 2T
DEVEREHERI N B/ FI7HRE KUK EILT7ERIZ0.4~1. 0DIBL VW ERREZ R I, I8/ F
WiE. BEREDH D IEEKRUE T THED AR —LERSFMERLTL D, EEBEISKEICIO>TKE
KEBNZNT. BECIIFHLVG YT EILERVWTAKOEE IV RO—JLUIEEBEREHRE LIV,

FoO— R EESE WEAYY. ) THE SR~ SEEERR. BRETE IS

Keywords: frictional properties, fault gouge, Shionohira fault, low to high velocity friction
experiment, Fukushima-ken Hamadori earthquake

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG63-P23 -



SCG63-P24 HAMERSER S EA2016EAS

2000 SEVRAERRINEER(AICH (T SHBR DD MmAER
Distribution of fault system around the epicenter area of the 2000 Western Tottori
earthquake

*WE RMA mE FE. W @BX BY EE

*Hideto Uchida', Hideki Mukoyoshi', Kenta Kobayashi?, Tetsuro Hirono®

1. BIRXZ X Z M EET AMERMIRE RRIEZRE. 2. IR XFIRZEMERZRIKELR. 3. ARXK
F KFEbe BFMER FHIKRZEIR

1.Department of Geoscience Interdisciplinary Graduate School of Science and Engineering, Shimane
University, 2.Department of Geology, Faculty of Science, Niigata University, 3.Department of Earth
and Space Science, Graduate School of Science, Osaka University

2000 EREABMBIEL, +2(SEMBARBANSN TUOEWIRTRELZICEENS T, vIZFa1—R
7.3, BAEEGROENEEINLAMETHS. COMBEOREBEEIL(CHV\THZMN MRS +=5
2] 7095 0O—RELT, 1000RDMESTOBERELMESRRCED KBTI - 8HAMOEEMN
SEEINTUD. T, COMEGACNLETER, RESBEIICHTDMROKE DM PRIES DR
(LT BN AEFAHDAEETONTULD. AAEE, BAFBEMRENIDE LT, 2000FESBEASFIHED
EREDOMnIES (CH (T DHBRODHEBEERUONBEDRHEERSNCI I EENE LIZRABTR
7oz,

AREIIEED(C (FRREEEE EMENSAELEEBH~LE=ROTEREaENLA 2H T S. EHEafEE
(BN EERTEEENSKED, ZNEEHPH~BREYER, BIESIK, 7757 MRARSNS.
AARTO/RELUTICRY. HAEMKICHHIT IMMBOREE, ABMICES EN0 W—-ESAKRUNOE—&
AD2AAICEELTUVS. BEAEDEBEIN W-SAICERLTULS. iz, tHEEOHIEREIENT W5
AIUEN KON E-EBICEBLTHD, MBEOZRBLEYLE8ERNTHS. AEMIEROERD BiE
[EHUT, NW-SEFEM, NE-SWEMDKEBRNE W\ CUIKBMRICH D EEERLE.

WIES DEMERRICEVT, NROKWBICAS O L —Y 1 LB SN, BOL—Y1 ~E, REFEHN
DHICRESTF, REBACSVWTEERINZ. AABTHEIINZAIOL—Y1E, BTCTREERDE
MEEABUOERAI O LS ~ESYSLT7ITUVODOAIOL—S1 THD. e, BESTHN40cmD
WA D IEEDTEHEEERNOBERRRLD, MEROEERTERINZEEXI SNIHRETRNHSN
Iz.

KIFORBR(E, NW-SEFEM, NE-SWEMOREVIKBHEINEEIN TS S. KWEBARE(CHINY SRR TH
58, HOIEERELHEBTH>TE, MBODKILICKD Y Z TP AV NERHNDCEFHRE# L <HED
EEZS5ND. 200 EENEABMERETELTREINTUSD, RIHNEHEBMEICRIIZU AV K
&, ZORERMBOMIEOEECLOMEICRBEINICK KL DTV EEENHD. AREMETESNS
MBZRNDSE, N6 W—SAEOKEBI(L, JKED (2003) THEBEINTULBILSIC, MHMEZEMICKROHSNE
NISWEBEDEREWKE (B)IIFH, 2001) (CHIBV—FIEHREEEZS5NS. Tk, AEMETESEODIH
ELRICEMBESMEDORLUEL, HEAELDEAAEEEL THEBRAREL CEEEXONS. BAR
THWBRINTUVDRCEN D, EMEARETHBEIMRELTULZEEZZXONSD. KTHRETIE, REFAICKE
DNAZOL—H DM IBDEREINTUS. LHL, AAETIEIRESMNMCERZL DS VYILT 7D
DwODAIIL -, —BOERAIIL -+ RHERINZ. CDEND, REFEDDLVE
HCHVTHEMEREE S KSERMBEHING SRV TUIZEEZX SN, MREEEHRENBVNECST
EREINDESINTHD, KARTERBINICHERAEIL, BEANS VM THnEEE TR S EMERE L SR
EBEENs > REEZS5NS.

F—TO—F 1 2000FSMEAESME. NITL—Y 1~ Ba. EWE
Keywords: The 2000 Western Tottori earthquake, Cataclasite, Pulverized rock, Active fault
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BHOREILND T VYV E SBRANBOABAT—IHNSIRET SHEHIREDHMET IV
Statistical mixture model for separating deviatoric stress tensors from heterogeneous
calcite twin data

*LLigg 3

*Atsushi Yamaji'

1. REBBRFZKZ IR AERIMIKRERFEW
1.Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University

KERANEOERT, BRIEEHERECST3. ARADNRDER, NRHE LICH(T BT TDEN
BERSD (DHREWIGIT) RS SERFE (1., 10 MPaRlEE L\ DONS : Lacombe, 2010) EREX ciZS(CHEM
Inhs.

COT > TEWDSRBEBRSELE, ZILTIZER (Sato and Yamaji, 2006) &{E> CHEMAZHNRMHCESTHRZD
CERTESD. 914H5, NEEDHFBAESEKAREEVWSHICEdTZzAEAT—5(E, SRITOBMKLEORTER
SN (UTF, T—=9R&0D) , T, RBEBRBORELDTVVIVE, COKELO/)MER (spherical
cap) TERIND. ZLUTHREEBFEMLE, T -9 Dspherical capD EICEETDEVSREICES
(Yamaji, 2015a) . LIeMA> T, REDNAAT—INSREILGNTVVIVEHRET SHEEIF, COXE LD
F—HRNEIT ISR —(C, spherical capE T rvT+ VI ITSMEICEET S (Yamaji, 2015b) . LM
L, RRT—HRBLZUOARVARE—THD. ILNE, BLDILNIRETTETLEUNEMEELTVBCERS
V. Z0HE, T—9REEBDOSIXI—EILY. PxIC, BB Dspherical cape TJrwrrVIJI3BC &
T, BHOREBHT VVINEESZRDENTED.

ZC_ T, spherical capMD EICT—IRNEEITDICEERXRZEBHRCTERIEL, ZOESDMERLETRE
IBCET, BFEDspherical capZE T r v T+ JI35 OIS LERFELUEZ. BEIRSRELNT VI
DHIBEHREELETHET 5. NPAEORBEL(CE, BEHT7ILTIVXLEFO>TVS. COTOTISALT
RESNBDE, REGHTVVIVE T TRIBIEUERTREGNT VYILTH M, TEEEEITDCL
[FTESB (g, xtvrav) .

BRANBOERICEELE LT, HRARSEHELELHT. CNETEDBREH LI CEETES. XA
TF—HEFEOZFRIBEITIE, EHELORFERIRSNENA O,

F-DO—F RGN, BRERE. TEER. BT

Keywords: mixed distribution, information criterion, ductile deformation, tectonic stress
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N7 — S EFINREICINR =S 127 — - HEFTY VO OHFEE
Trishear inverse modeling by using fault-slip data from meso-scale faults

iy SR LS . EEE AR

*Akihiro Kokado', Atsushi Yamaji', Katsushi Sato’

1. RERXZRZ B ARMIKRER FER

1.Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University

ARETIE, MTOMBEBEZEEI S~ 17— EET'J VT (e.g., Allmendinger, 1998; Cardozo,
2005) OFFEHRRBLE. RSTIYT7— - BEFTUVIER, HMBGEEMOESNZNETILTCHD ST
77—+ E7FJ (e.g., Erslev, 1991; Hardy and Ford, 1997; Allmendinger, 1998) ZIEEFI/LEL T, WiE
DIARPENEBLE DINSAIERDBIFETCHSD. IEROSSTIT7— - BEFTIVITIE, HEDMEL
BBEOT—HEFNE LT, T—FICNIBIETILOBSEEZFHEL TSz, LML, BRITEIMED
T—HIFRSNTLSES, BEENRERETH DERSKHBOIRLELE D/IISAIRKE L BEDIEHD ~
SHAIT— BEFILRESNECENDHSD (Cardozo et al., 2011) . ZNSOETIVHSREBE/EETILE R
RIBEHIC, BESEFEET U VIDHNRGE U TINET —SZRAVSFRERELE. AFET

&, EFILHSHESTNZNWEAE LORATEHEHFAAL, BASNZIWBDOIRDARENAHEEZEICE
DUVTCTERLUCHEHEEERAILTD. AFEOBMMEER, EBOETIVERELEZAIT—SICLDITIRIC
Ko THEMNHOSNE. THEDE, ERDETIVICEEITBLSCERLIWBT —5ZAVT, EROET
WIGEWRS A7 — - EFTIVERIRIBCEMTER. 5, AFREFMBEPIHBOEASTRIIERL
2. BEABEMNIE, REMBEICLIKMBLEBREMEBRINTULS. L, COREMBOERIAMICDVNT
&, FETEABMETN2IDNOERAHS (WAFH, 1992; BHERIPEMMATEAT, 2012) . BRTOBR, =GR
DEFIVOBBERSNEMBES LO/NMET—5 AN TH o .

F—O—R: bS7Y7—. WEGEENH. HBXVvIF—5, BEFTVVI. REE
Keywords: Trishear, Fault-propagation fold, Fault-slip data, Inverse modeling, Uonuma Formation

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG63-P26 -



SCG63-P27 HAMERSER S EA2016EAS

BEEEDMNDG TS K BDILTIHEEENTDOREDBENRLY
Automatic detection of solutions of stress tensor inversion by fitting mixture probability
distribution

iRk SEE
*Katsushi Sato'

1. REBBRFZKZ IR AERIMIKRERFEW
1.Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University

INKTERENT (C L B I IREDHEF RSN NEFTEL I EN, BEMEPHARICSVTERUREMNT
Hd. FTle, WEZONHTE, REMBRISHBCHEREIT SFEL ULTLLALSNTVS. LKL
SRS, ERAICERINCERDILTREE DL CTRET SFEITECIBEMESINTHESTF, 677
REOBEICHVWTENBEOTEEIRTET CTULEL. AMEIE, BAHS@BTOBREBBNICRE T 3FEE
RETS.

ISR ICHRELERT—5(F, MEBEOCHCEEBD AR (XY YvIFF—5) THS. MEDEDAMA
ANERGAEFTTHDEDREICEDFIEL, 1ROMBRY v F7—F(CEET BLATVYILE, 5X5T
TR (REGNIZER) QAWM ENR(CHEETS (Fry, 1999; Sato and Yamaji, 2006) . HoughZHa(CET<
I EEENTE (Yamaji et al., 2006, LA THoughi®) (&, ZEOMEBICHIGT 2¥MHMEERENE T, RE
GHNZEEEICEEEOARERLE, BEEOE-—IJDNUEEZRERERYT. BEEOAHENEHROE—D
ZRDOESE, BBROILAHTVVILARBELTESNSD. 2L, HughZEFXF LA BRER ETE—-DJEHR
93N, BEEREL CE-—IRBNBZETOSRENRHSD. AMEIL, BEEOAHICREEESMELTE
HBCET, E-ONREZEEIMELUR. LEO¥AMIMRELNDER CELANLESHERERDOOT, BHMKE
FOBEERAMEL TS XakentPEHRALR. T, E—DJDHERT IBHREEECETVTRELE.

AAEOEERREENDTIAELT, ATMBT—SZ@Lic. 2 DOBANICERAT SMERERS L CHE
HLcECS, 2DDBEEENE—IMRELLREINEE. T, RARDKBT —ID@ERAAlIE LT, X7
BRIFFEDILTS (CHHRY S EFNIEREEE U3/ \WBREMT LI, COMEKESIRIGDBICHESHNT
WBEEXSINTULBM, KFIEICK D TNNE-SSWENNW-SSED 2 DDEIERAAMBBHEI N, ERIOKXDE
B¥CIINNE-SSWERDEIRIGNDHFMRES N ENS, AMRICHUVTT MatEICEIERAAMNELLIZC &N
mEINniz.

References

Fry, N., 1999, Journal of Structural Geology, 21, 7-21.

Sato, K. and Yamaji, A., 2006, Journal of Structural Geology, 2006, 28, 957-971.

Yamaji, A., Otsubo, M. and Sato, K., 2006, Journal of Structural Geology, 28, 980-990.

F—O— R IGOREA. KB, REREXRDM

Keywords: stress tensor inversion, fault-slip analysis, mixture probability distribution
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PRIE T — S ERAVRBNER/INS — VHEEFEDRE | FiRi/EEBEREER
Development of a method to estimate spatial stress pattern from P-wave first motion data:
a preliminary numerical simulation

S B
*Takaki Iwata'

1.BEBXZ
1.Tokiwa University

A method of estimating spatial stress pattern from a centroid moment tensor (CMT) dataset has been
developed by Terakawa and Matsu'ura [2008, GJI, 172, 674-685]. However, often the number of
available CMT solutions is limited if our interest is the estimation for a small area. For such a
case, it is difficult to apply this method because of the insufficiency of data. To meet this
difficulty, this study proposes a method to estimate from P-wave first motion data, instead of CMT
data. We assume that the direction of a pre-existing fault plane is random and that the direction
of a seismic slip is parallel to that of the tangential component of the stress vector. Under these
assumptions, we can compute the probability of the polarity (up/down) of a P-wave first motion if
stress field at an hypocenter and the geometry between the hypocenter and seismic stations are
given. Thus, on the basis of a likelihood function constructed from the computed probability and a
prior distribution corresponding to a spatial smoothness constraint on the stress field, we can
estimate the spatial stress pattern through a Bayesian approach.

The development of this method is currently at preliminary stage, and thus only a numerical
simulation has been done. For the simplicity of the simulation, a case where hypocenters and
seismic stations are located in a two-dimensional space (i.e., plane) is considered; one is
horizontal and the other is vertical. Also, the direction of the intermediate principal stress
(sigma2) and that of a fault plane of each earthquake are supposed to be vertical to the considered
plane. The spatial variation of the plunge of the direction of the maximum principle stress
(sigmal) is assumed to be follow a particular pattern (and consequently, the direction of the
minimum principle stress sigma3 is also determined). Under these conditions and assumptions about
the directions of a fault plane and seismic slip as described above, datasets of P-wave first
motions are generated. Then, the proposed Bayesian approach is applied to these datasets. As a
result, the estimated spatial pattern almost agrees with the one assumed in the generation of the
simulation datasets, which suggests the validity of developing this Bayesian approach.

F—O—RGNE. EBEARS—V. PEDE. N1 IHEE

Keywords: stress field, spatial pattern, P-wave first motion, Bayesian estimation
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RILEAIICH (3B (U-Th)/HeBER Vv EY D | REAR T —ILOMFRZEEMROAREA(CM (T T
(U-Th)/He thermochronometric mapping in NE Japan Arc: Insights into understanding
long-term crustal deformation

*KME %', AL SILA Kohn Barry’. &M 9B’
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RILEANNTIE, BithZRCEASNZEHEROEH &, HERH - HE2NCEESINZRIBEAOEHCH
WT, BEEPLAAERRLEDEVDNRSRYIIANSN TS (FIX(E, SHE, 1996, SEXERER) . Atz
HICERINBIER(CE, MERICT v Y LILSNIHMER L, MERECETS T DKAEK GEHEME
) OmAREEINDM, MEDODBEIC(E, - WEZMRAE(C K S IFBIMEARE O Sl R RIS FER
FEEZS5NTUVS (GiiE, 2012, EMH) , £2E55(E, 100FEULORPBICH (T3 MBEAEOMREZEHR
DfRRZE BR(C, RILBAMEERT I Drb2ADRRRICH VT, (U-Th)/HeRERFERZEEREL TL\D, L8
IRIE, b ELt~BEPER L~ KF - Balit, ARG, RERLE~RPSRLM~RE - siH L%
BBELTHD, SREVWTFNEAERE~EE=ICBEOEEEETH D, 016F1FRAER= T, mEibimilig
DT 1391 = (U-Th) /HeFEA (AHeZEAR) &, BERNED T IL > (U-Th)/He AR (ZHeEAR) AESNTL)

Do AHeFEMS, BIEMEAIDIL 1L, FIEBRLMTE, —BR(ICHI5Mak DHWERRESN, CNSDOMIEARE
FREFEFEAEEC THBHNZELREBICO DI ENREBEINGZ, WL T, BPSR LS KOEMIE (K
- gL, BRE - BHELM) TE, IRTOMEATHIMaEDEWERAESSN, BRNERLMTERE
BOVEREHWIMalSE LTz, CNSOERIL, $10Ma, #I5Ma, HIMaLIBD3I DD I —FICHEI B EMT
e, CNSORFHEIEEMERNSHESIN TUVSHRILERNTOILIOEREXT— (HIX(E, Nakajima
et al., 2006, PPP; SFE(ZH\, 2008, tthEHM) & (XF—HIT D, Tz, ARHEEUER(SNILEDOMEIEMN
BUVEBNSH2ICHN TS CEEEZRIT DL, SHSSNeAHeERIE, KBHICIFERILBARIMD ILBDE
£ HIFAFERBRLTULDEEZSND, LDFHHICERDHRERD L, SMAITIE, MADERE - s3H 1L
T(FH1MaDAHe ERREBR T S DICH L, IEADKFE - BELMTEHMaE, KDEVAHeFERANEHT

3, STRITNH (2008) DEEMEENTIC X DRI T(E, FI5MaD P Lt DEEREREARIC(E, FEADOEHEBLMET
TICERBLTUWECEEEZEZADED L, fMas LWSERE, BRE - R LMTOREEEERIBERE RLTULS
OREMERH D, Tz, AHeFEREHeFEARICHEL T, BPBR LS KUEMBRITE, LD EZERK D Fih
BTEIDBEVEANRSSNIEANRES N, L, REBLWBR (Sueoka et al., 2012, IAR) *°rrALLARIL
B CGREIEH, 2011, HZ¥) &0\ o lzFAREBEAMOFERER LT, ILEELD ELtEROKERET
BEOVERNESSNECEENBNTH S, RRAE LT, NMUIIOEEICKLD, L3 LROMEEBSEDOR
HEICMX, YVOVDEBAILLDITAYVIIT v IER—LIREREORELENEZISNDIMN, SEOR
RETHD, SEBOEBEELTIE, AFTER, IFTER, U-PERZFOMOBERZE X /2 KD EFM/EREEE - Hl
L ORI, TSICEBEEOFAREICLD, FLMOER - BIFRIXOBREILEZEFEL TLD,

F—O—F  E®ILBAM. (U-Th)/HeZE. READMRZ S

Keywords: NE Japan Arc, (U-Th)/He thermochronometry, long-term crustal deformation
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RItBARMOERER(CH (THERBEHOBERZT—5 IV /1)L AFTERAIERRER
Compilation of low-temperature thermochronometric data in NE Japan Arc:A preliminary
report of apatite fission-track ages

“EH ¥E'. XK@ %, Bt S5
*Syoma Fukuda', Shigeru Sueoka’, Takahiro Tagami'

1 REXZKREFEZMARL 2. BARRF AR EE
1.Graduate School of Science, Kyoto University , 2.Japan Atomic Energy Agency

HAFIEDRWEEMRRICH (T DI & EHDEHRDIERE Y, BMEH EIEHEZTFEODREDZSH(C, IR
BT —IUh\ SEZMERX T —ILET, BRRAEEFEEAX T —ILICH(FIEHRERARINTSD (HIXE
SE(EA 2012, Nishimura 2014) , ZOHE - RENEETHDEEZXS5NSD. AMFENS 1T LT —ILTD
ETIE, 201ME3ANBICHE UZEIL A XRFEFHMEORR(CH (TSR A DPST—5h 5, HERIE
BRICHERTINE AR EERL, AMFNEC MEZNEORBENS SIETLREDBRENRS S (F
2014). CDEDES 1 LRAT—IVDORIEDIERED/IS R YO X (GiE 1996, 1998) =#REAT Soh(C

(&, HEZHNY 1 LT —ILASEEENL 7 TO—FERBELTUVBCENREEINSD.

EE5(3, FHEMEEME MRS =0 X—RiGHPiEROAREZE DR —NER— O—RELT, B
SEEBOBERFZNFEERBUVT, BRI —ILICHITBEILERMNDIABEHENEHFERE DHEE & L H
TL3. AREFEERHSHEIROTEEEEENRE L, b LILHSRPER LARE &> THEMHLMICIK
(FBICANRE, FIERRLhA S ERPER L% & > TEREILitCIR(TIREGEANRO AR, W3otimicdunTH Y
POV 0TIz, ALRKRTIE 7 /35 1 +(U-Th) /He A (AHeH ) , FERNRTFAHeER S LTI IO Y
(U-Th)/He A, (ZHeER) HESNTULS (REIEFH 2016) . BEHROEILBARDAFTERT—Fc LN, K
EFEFETEAC E~AERLEOEEEEN S BELEDFEANESNTHD (&8 2001 ; Ohtani et

al. , 2004) , HECHRA~RAET COBRYRAENFBMUTEHEIND. ZNICHL, BAREEORE Lt
PHEILMTE, PFER~EFREOEVAFTEROBEBIMNG D, FEZLBRUBOIRLIRE - HIHZE KR
LTULSHaREM ARG D (BB 2001 ; KM RAKT—F) . FARICH (T DAHeFEARTIE, BRI aIE BRI
THBMaDHVWERICH L, MENE OB IMAIDAHe EREZEER MU TE1Mak D EEMERE SN TUL
% (KM 2016) . CNSOEVERIF, BREBILK (25~15Ma) IBOEEE RKERL TS DI(ERE VK

<, BPEREACEARLMOEEEBEEE (SFEIFH 2008) EEBEMTHS. I, HILAAMRIIFEARHTH
AHOSEMSICEL, RFER~EHIEANSILOREATBELIEEEZSNTHED (KAEFEH 2010) , &
WERDRRAE LT, ILthOERBICHESHIR - BERETFEZIS5ND. NBSEHIICIDIERV Y RICDVT
(&, SBEEANLS LOZOEINEVRAERZ R I HEE (HHPED 2004) LHE=HLNDHNILT> (Yoshida
et al., 2013) EDUBEREEZZXD L, HREEIEBEVERBDONS. AFETE, FAECTHeERNBECRE
INTLBMRICHIGUZERICEWVT, FlcBoNZ7/IN81 T rwvoay - kSwv D (AFT) EHRED
WEETV, 20165 281RE, HILMADFTEN - HeFEREHE TERT S. AFTERDAIE(CEIL Tl3FHasebe
et al. , (2004) CHRESINTULSBLA-ICP-MSERWCFTERBEEFEEE(CEMELUTIZ. SEIFIU-PhERN®
IFTER, TSICEEMY YT VIICLBIEEBEORERT—SEEE(C, KDFMHUER - HIRBERSTT
BDFETHD.

F—O—F  BERZ. (U-Th)/HeFER. JrvIary Sy IER. RILERN
Keywords: thermochronology, (U-Th)/He age, fission track age, NE Japan Arc
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R — P EEPFILRER D coda QD[

Spatial variation in coda Q in the northeastern Niigata-Kobe Tectonic Zone

*Ety Ef. P RE

*Masanobu Doujou', Yoshihiro Hiramatsu'

1. BRKXFAZREARR AR

1.Graduate school of Natural Science and Technology, Kanazawa University

AIEEE DR BIREOERBAD 26 ([CHFRN SEE (LN T THEEDSE (Frs — A EEHE) (Sagiya et al.,
2000) MNSEBINTULD, Jin and Aki (2005)(3FTR — SR EERFEM1-4 HzD{Ecoda QREEIE (XT—HT D
CEERELTUL D, Hiramatsu et al. (2013) A°Tsuji and Hiramatsu (2014) (IPRE/IIKTEBFROEREIMNES
SEIBEND(CH(FD coda Q DEMBIMNS. FEHMIROERRENBEDETRL DRV C EREEFEORET
HBEERLUTV D, AMAETIEIFE MR EEPFIRPTOEEFFOREREEZRT Bc(Ccoda Q& FE
RSN

KR DEEFTHERIILIR36°-38°. HiR137.5°-140°TH D, < DFENEFT2012818H520145F108F TOHH
BICREL. BIRM0 knk DX, MMEDEXRSUTMEEMIANRE T D, PBHERIZRMATAAOHI-net. &
KT, EIKRZOHAREFEAT D, BERNS30 kmnIAOERIR DT —F M Scoda QZ3KS. coda QDZERES
mEERLUTZ,

coda QD ZEMEAMIE. EEREE (1-2 Hz, 2-4 Hz). PRI (4-8 Hz 8-16 Hz) . SEREF(16-32 Hz) T
IRB—VUNRREIED, coda QEEERENDEEOME LR YT 3 LERREE L DHEREE CaDEEN
Holz. Fle. BEREHED coda Q OEBDHIEES25 knDSHEIREREIE (Nakajima and Hasegawa, 2007)&
FOHEBERR SN, FEREE TIEEST10 kmDSEEREBE & EOEBNR SN,

LFEREOERN S, EERFILFERTOBEEREFEDcoda QT TEIMFRO RIS B SEE. FEREFEDcoda Q&
BBt O AIEBEEE R L. FREFEHFEDcoda (NERENEREBETDIEERXS XD, LIEND>T. &
EPEPHTCETETEROSVELEREEZEETHEFORETHIDICXH L. ILREBIFFEFENMEBRIM TS
B EEFEEL TLEEMROERERE MRS . ZO/BRE L TRLERENGRAINTLSAEERS S, ©
ZU. RIAEREFH TIE201ERILMA K FEFHMMEDRIZFC L DEREREAKRET Uz, S1E2011EL
HIDT—F DV TR EESERZTORERH DI THS D,

HE . AAREZRTIT BCHIZ DHERIZEMATRAR. [RT. BRRAXFZMEMRTF. RIEXEME - BAF
KATERR T Y5 — REARZESSHEFMMEEFNAR LTS —LDMERET —SERELTULZIZEEL
o RBRZOEANSHERRCEERET -5, ERIEXRZOHFEZ—HEB(ICIMERNET S
Jr—F—F&EBHLTVWZEEE Uik, Tz, RIOIERICIFEGMTY 7 =2 1 77 (Wessel and Smith, 1998)%& &
FAULFEULle, CCICBLTRALELET,

F-DO—F IR - EEPH. coda O EERE. SKERE

Keywords: Niigata-Kobe Tectonic Zone, coda Q, differential strain rate, S-wave velocity
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BIERAS K OEESHZAEC LD XV L SKBILEI D I NDERR
Slip pattern along the northern Sumatran fault, Indonesia revealed by geodetic and
geomorphic observations

*HEEH B Pl RE. 1R B2 AR B\ K B, ED FR. E B KR BA| LS
E$'. EIE BESE'. Gunawan Endra’. Ismail Nazli’. Nurdin Irwandi’. Sugiyanto Didik’

*Takao Tabei', Takeo Ito?, Hiroyuki Tsutsumi’, Fumiaki Kimata®, Yusaku Ohta’, Airi Watanabe', Taku
0zawa®, Makoto Okubo', Tadashi Yamashina', Yoshio Soeda’, Endra Gunawan®, Nazli Ismail’, Irwandi
Nurdin®, Didik Sugiyanto’

1. 2K, 2.2KFEE, 3. 7TABE, 4. RRMERZH. 5. RILKBE. 6.p5KERIER. 7. BRAREIMRE
F.8NYRFYIMK 9.970F735K

1.Kochi Univ., 2.Nagoya Univ., 3.Kyoto Univ., 4.Tono Res. Inst. Earthquake Sci., 5.Tohoku Univ.,
6.NIED, 7.West Japan Eng. Cons. Inc., 8.Bandung Inst. Technology, 9.Syiah Kuala Univ.

TURXIT - IV ~SHEBINGREOEFHER ERED VO THERBREZREAT 3EMT, XV ~SIED T
F T N TRHER S KOZEMERTEERL TUSD. COMEOMERERT VY v ILFHEINERCHET
HBEHEF, £R1900 knDX VY ~SKHBORTRADINDEEERF>TULSC L, 120FMM EICDIZDEA
ETMETHNEBEOCE, SLOCXVTBEBBTRELR2IDOTL—EEXME (2004F£ XV ~S-7 VSV
VHIE, Mw 9.2 ; 2005 LIL—-ZF RME, Mw 8.7) (CK> THRIMNICO—OVIGAMREINL TLS &I
£3.

A (32005F AR ER S K UERIFGPSERIMEAGNeSS (Aceh GPS Network for the Sumatran Fault System)% &
BALTULD. BUSENERE EDOVERNDKFESLULTEMELD, RWEFHEXE I IEHDYIEAN-X
L GRIMIARD CREEMEA]) Z=I2IEL T (Gunawan et al., 2014) . Ffz, AVESHIB7ZF T EIX U~
(AU —T/BEBEDHEHRELR (Ito et al., 2012) . ZOF/BR, COTIT AV INTIRDOMEE F4E
TESAREMEELTULS. 20134F(C(FEATEATHRRNT2DOOMe. 1DMEMRFEE L, CNITHED BRSNS
BFEEIMERIT NIz,

WriE DREADESERERADCS, ENHETEEMEZRATEZEML TL\S. ALOS/PRISMIC & B EIALEOIHE/L
HEBREHZEL, HEOMRNL —IXREMERITDEEEIL, TNEERIDLOHOBMATZ{ToZ. ~
L—XEMEBEMR, TLvrv—UvI, e, A8NBEHLELETRETES. I5(C, AMAENRE
[CLO>TWED ) —TZBEAEIT SN L1ZE4oFRICKE LR, 20155F(C(F, 15T L Y FiEHIAER
L, PEL EEIEOKMBEEOERERE Uz, SEIEERORRZERNATEZTV), RINEHORFIHEE
FEREREITDFECHD.

GPSER A PR BN TR DD MNESNS728), ALOS/PALSAREHRMINSARERMT&EIT DIz, 2007EH\S
009F X THI3ERICDE DRI vV IERIE, MBZFSTATHANGEE®REAMA (L0S) ~NElEL, kXt
BINBERE I IHEBLENLEERL TUS. MBZ#EISL0SENTOT 71, BBOMRNL — XD
B T10-15 m/yrDEEEIRDF Tt v RARS5NS. LOSELD/IF—VIER VY ESKBOABETNE BIINT
H>d. EIZL, FRATNZIHBIRDRE(CHL, 7T7v REIBRKIZTEILSICEZXD. SEIFPSEAR
EPrZEZrBEIRTMX, LOSE{LDEREESHIZL).

F—DO—R ! XVESHIE. GPS. SAR. ZENitifE
Keywords: Sumatran fault, GPS, SAR, Geomorphology
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TL— BEREB OGN TEEHREML & L1703 ETEARMEDR D DM DHEE
Source fault model of the 1703 Genroku earthquake with the constraints of average stress
drop
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EXMENREET SR, MBEOTNICHE ST, MKRE CEROLELE DBRESHNERNIND. CDOBRIC
RTINS MRETHOHEN S, EREOBRIEFEZRPIRDEE 7 V- 3 VEBIF(ICK > TRHDDIFENL
CAVSNTUVS. AFEREUELY, FlERESH DM eERET —INREBEICEZ > TLIIHEAR
&, NEORBEICWHBESMERBLEICENTES. —/F T, dEMEOIETE, BEIT I EHtEN
S5EBELHEDHETHRESNDMEKS, RAROFECERNESMMNEBININTUVSIMR, BEoH
F—IRFESTHO>EDRELEDLTUVBREHIC, REOBODDHEHRTEIT D LICE, BUBREDRE
EEJS. AAETIE, 1703ETFEREEDDOC, BERSTOTL— MERTOLMEDERKIEHE
(Z, IBABRTEELVSKHBOYIENFHEEFIZTHERRMGE L TINR T, MBRNICKDEZLUMOHIERRE
B3 cEDIP. TFRMETIE, BHEMEAHPOEEMBRIELZC ENEREROBICEDVTHEDS
NTULS (Matsuda et al., 1978; fT&(ZHY, 2011) MR, MREESMEBEFHNSEZDFHAIET >THSTF,
TEREOEAS KURAFAOERNS, ASHEEELO>TULS.

Kanamori and Anderson (1975)(&, EXMETEZDMEDRE(C XS FHBEE L OFIIMLLNETEMNH
510 WPalRENEERNDEE RI &%, HAT—INSRUEZ. BAOBTEGKMBEOIRORETTEIA
DEZBRDITIMEETH B, COEREEFE, BT X-BODENDXT -V VJRIELTHSND LD
(C, EBROMEROIBEREBDEE DEICEBHRAREESXS. UHNUERSHEEMRTRODET
X, BEDHEMBEBESAE THRIZRICE, COBNBTENHEIEIHEIDERBINTILEH L.
AHAETIE, THRMEBOBRICELELUZMRESHEE, TT, BAIMBHICEINTOLIBATROSE (RE,
2003) EGEONETCEAIS N EENEFHENSHELZ. 52, CORENMEER(C, HERESDHICUL
DHDEEMBEREL T, T—9ECBRIDIRELIHMENIBELRETT, BOEEIJVYRY—FI(ICLDT
HELE.

S, TRNEERMBOr VN —Ja VENE, BIBRTEZEHNRGE LU TEALTT>ER, o
BENMEBIRIIZOHICE, EREFROEERE LU TCOFEESNTUVEREREE FTOMEBEERNNE &L
BENBEASHEL DIz, NI, ERYEEMBORTLEEEEERIBZMHICIE, XT—Y VIR
o, BICEREENSHTEDE FICKILMBBDESEX D EFHETFIC, ZOMRAERDOEEICE
CTHEREEBESXINENRHIHEEBRINS. HEBEE TOMBEETE(CIE, SEBISHIEENLTF
MARNEBETHDIM, COBERNS(E, HEDR/IISA—5(CEBHIYBIFEIC DV TOERN, SittEmME
(CFFEHMBES X A8 NRIEIND.

AEXRTE, ERIERRHOTEBMICHSITIMAKREDFERRET, FZICHSMNIE DIz, AEeil
MW TOEREEREOTN (IFKFEH, 2016, AXR) IV, ERHEETILOFNNS, EDOLSICHERIN
BOMNCDODVWTESKT S.

F—D— R DT0IETFRERMME. BOr YN —J3y, HHE
Keywords: 1703 Genroku Earthquake, Slip inversion, paleo-seismology
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201 RIGH K FE AR (C I DIEN E TR | PST—F T —FICEDER
Accelerated vertical crustal movements in the Tohoku region prior to the 2011 Tohoku-oki
earthquake: discussion of GPS and tide gauge data
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Studies, Nagoya University

It has been reported that horizontal crustal movements in southern Tohoku was accelerated toward
the Japan Trench before the 2011 Tohoku-oki earthquake [Mavrommatis et al, (2014)]. They consider
the aseismic slip acceleration on the plate interface as a possible trenchward accelerations
source. If this slip acceleration occur on the plate interface, similar acceleration is expected in
the vertical component. However, the previous study did not discuss the vertical crustal
deformation in this region and when this acceleration start. Therefore we analyze vertical
components of daily GPS coordinate data and tidal records in the Tohoku region. In regard to GPS
data, we estimate the best-fit linear trend for the period 1996 to 2003 and 2003 to 2011 by using
the least squares method. Then we compare the temporal change of those vertical displacement rates
for each period to discuss the possible acceleration. About tidal records, we long term sea level
change rates at 23 gauges obtained after removing oceanographic signals using Kato and Tsumura’s
method (1979). If we refer to the F3 solution in the absolute sense, the velocity changes between 2
periods appear to show systematic accelerated uplift (+2.8 mm/yr on average) in the western Tohoku
region. We also find that similar systematic accelerated uplift in order part of Japan such as
Kinki and Chugoku regions. However, we do not find that similar velocity changes in tidal records.
Such an accelerated changes cannot be attributed to the plate subduction at the Japan Trench and we
suspect these changes are related to the reference frame in the F3 solution. Thus we removed
common-mode errors estimated from stations around the western Tohoku region. As a result, the
vertical GPS velocity is consistent with the tide gauge data and we find accelerated subsidence
along the pacific coast of Tohoku region. In particular, rapid subsidence acceleration (-3.8 mm/yr
on average) occurred in the north of Oshika Peninsula. These accelerated subsidence is consistent
with a deep seismic slip proposed by Mavrommatis et al. (2015) to interpret the horizontal
acceleration. The estimated aseismic slip area appears to occur surrounding the coseismic slip area
of the 2011 Tohoku-oki earthquake. This result suggest unfastening of coupling occur around the
future coseismic slip area before Megathrust earthquake. Furthermore we estimate the vertical
velocity for the period 1970 to 2011 using tide gauge data. As a result, we find significant
accelerations from 1996 to 2011 as well as subsidence acceleration in GPS data. On the other hand,
tidal records from 1970 to 1996 do not show significant accelerations. Consequently, the subsidence
accelerations in GPS data are more likely to occur after the late 1990s.

F—O—F D 201MFEFRIUAKFF AR, MRk ETEE. MNERATREZE

Keywords: the 2011 Tohoku-oki earthquake, vertical crustal movement, accelerated deformation
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Characteristics on Postseismic Deformation following the 2003 Tokachi-oki Earthquake and
Estimation of the Viscoelastic Structure in Hokkaido, Northern Japan
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1. [FUGIC

2003 F+B5HHIEE (M8.0) (FTEBECELEL, RUEHMEMO>TVDICERBEINTE L. RIEHDIR
RIFEICRIMIAD EREEEFE SN TOBR, HEAMEDRNESHZ IR > LATHRIEVFNEIFELAN
DEHERHEMERIOFEGIEREFRMINDDHTHEL THD, T, COMBOMBEYHEET N
THEHEINTULEL. RMIRDDRTEBREBEZAND C EFEBOOEBERERARDIFEHND ELDIM, Z
DBRAGEIMERF DR EZ B (M UL TN, HEESNLERMIRDARMBREESTEILLSD. ZCT
AHAETIE, REFRER2-TEEDRMEZHICFTINDIRMIAD & iR O 5 DRFE% R < SR

L, MEEEENEEETOIL.

2. T

BACHD8TRDGENETE BRI THOT—S&EFERA Lz, tEERmASOERS(31993FvEERmfa T EEE
KILOXNLESDOFEEZ(TTUOZZHFER LV, RYIC, AERINI99F3F1H~2003FI81HOT—5
DIFFE L Y REHREUMEBAMELUTRELR. Z201%, BIETHRE LHEROZSHE A Tty ~ME
EUTZ. 2004FFIBEHHI0E (M,7.0, M6.7) £2006FTFEINEHIE (M7.8) OEBE(IENZEN, Takahashi
and Kasahara [2007], Nishimura [2009]MDEFILEHEMEZFEAL, 2007, 8, 9F+EsHithE (M6.0, M6.8,

M6.4) [, MEMBOBERECE{CEZHEL Lz, REIC003FHBPIMERE®R-TFEOT—5%&, K
FE(3EE, LTREECER - #FEAZHEEZER L THNURERIL TREER.

3. 5FTUVD
REITAD EXRHEHERC L > TRMWEEBZE ETIUMELTZ. BRAIRXDRZItTORMIRDI(CKBEMU(x, t)

&, ROX(TEFTILMELTEZ.

U(x, t)=Axu(x)xIn(1+t/B) (1)

CCT, u(x)ZXREBE®RLIy BEDRMINDDHICKDEAEET, Nishimura [2009]DHFETHEHERE
7oz, MICLBDEFTVVTF, REBEELIT BRADRMIRDDZEEDHHAZIEE T, IRDENTEE
BCHEARRZEIDEIRELTVSD. T5IC, 47 AEORMIANDDHERNNLETILERDIZH,
AxIn(1+1/3B)=1 (2)

TALBEHRL, FBEHBODHEHTEL.

FREMRNL, 20035 -B5HPihE & 2004FBHPIEDENZEEZR L, ERMBEXZNENELIER
[2003]&Nishimura [2009]1DENEFEA L. BT HOBIERE & MRy FEBAGHEB N SEDHRERE &
REL, ETE— RPSGRN/PSCMP (Wang et al., 2006) T NS NDMME(C L SHGEHMEEFNESTE L.
BDEICKDEREE STEEZ AL Trid searchZ1T0), B, H, n& =, £SHARLEDWER D EWHERE L
z.

4. BREER

B=0.1154F, H=50km, n=2.0x10"Pa-sH\EES NIz, HEE S NIKIMEREE L FITTE(C & 3 Sdbithys D RTENE
DO¥IEREE (FIX (L, Diao et al. 2014) LMWL oI,
KERDEEHETAETIVICKDKBRICHBAST N, — A TRENEERENRGSNTZ. CNSDEEE
BRHICHHLTED, 2004FHIFEHPithER2008, IFEDHEEHMEDRMINDDEEICLBIENEEZISN
3. e, LTFERE, KEFFOEENEMMICIEFRAINLED, +EBFEEHZRLE URILEICRFENSGE
= (Bfe) "omlle. CNSORBREFRMIANDENr ABRNSZEHKLTVWBRCEEZTRELTHD, K
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ERER-TFETIE, AEOIARDEOdown-dipfIDRIITARADREMR() XONHERET ILHSEHETN
BIRDREELDERETH >z EREZISND.

VEETIERMIANDDOEENIETEFTERUTHD, TFEETEERBEITIEIRITARD DRZEMNRSG L
el TV Mmooz, —ATIBEERREMNSILERCHMTITIE, TEBTIERM T AD & KGR
DEENRRBETH oI, T, 2004FFIFEFEDREMERNLE, +ESHEDRIZESHE LU TIERE (SN
o,

HE AR TEELMERICKD [BADMEEE (F38%) | ZFALILE.

F—O—F 1 2003FHB5PE. KRIERAD. RMIAND. RIMEE. GNSS

Keywords: The 2003 Tokachi-oki earthquake, Viscoelastic relaxation, Afterslip, Postseismic
deformation, GNSS
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Two-dimensional analysis of post-seismic deformation of the 2011 Tohoku-0Oki earthquake by
subduction zone thermal-flow model
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Post-seismic deformation of the 2011 Tohoku-0ki earthquake observed in the world densest geodetic
network may provide a robust constraint to the rheological properties over the NE Japan island
arc-trench system. Various geophysical observations and petrological models also have given strong
constraints for the thermal-flow structure of the NE Japan. Horiuchi and Iwamori (2016) have
recently created a numerical model on thermal-flow structure of a subduction zone with plate
coupling and chemical reaction. The consistent model takes account of the fluid distribution
incorporating slab-dehydration, mantle hydration (such as serpentinization) and melting reactions
in the mantle wedge. Using this model with a range in viscosity of serpentinites, the model
successfully reproduces the various observations; surface heat flow distribution, alignment of
Quaternary volcanoes, and seismic velocity structures of the NE Japan arc. The viscosity
distribution calculated in the model includes the temperature- and water content-dependent law for
olivine, and can be incorporated into FEM to test various parameters and assumptions of the model
with respect to the post-seismic deformation. We used a two-dimensional FEM model incorporating the
geometry of subducting slab and viscosity distribution estimated by the thermal-flow model
(Horiuchi and Iwamori, 2016). Viscosity structure in the thermal-flow model is mapped to a
two-dimensional FEM model as a steady-state value to calculate viscoelastic relaxation. The
coseismic slip distribution was calculated according to Iinuma et al. (2012). Preliminary results
show that the observed post-seismic vertical deformation of inland area can be reproduced by the
thermal-flow model with a certain parameter range. In the presentation, we will show numerical
results with various parameter spaces (such as viscosities of serpentinites, water contents and so
on) and compare them with those based on our previous rheological model.

F—O—R ! REH. FILHHE. LAOI—, BHAHF. KRN
Keywords: post-seismic deformation, Tohoku-oki earthquake, rheology, subduction zone, viscoelastic
relaxation
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Subsurface density structure and serpentinized rate of the mantle wedge beneath southwest
Japan estimated from gravity anomaly
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Has the collapse of Pacifc slab been started into Lower Mantle
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Fracture zone outcrop exposed in the 2000 Western Tottori Earthquake aftershock region
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