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Measurements of the elastic wave velocities under the high P-T conditions and estimation
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
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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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CNETHREERTKZ, ZOHER, BENTEHBINUVK DOHDFHEENBESHEL >TERED T CIC
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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
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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. KR K ZXZ IR A AREHIKE AR, 2. EXERMESMRPTERE - M LARERER. 3. EERMRES
TR S At BT B ER AR FS ERPS

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
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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
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Deformation rates of island-arc crust estimated from seismic, geodetic, and geomorphic
data
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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
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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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BHVE LN,

RS (CHUVTIE. RIGHHERIN SEIMAER TH D IZEE T, RIHMER(CHEFNOERIERH S
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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.

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG@63-32 -



SCG63-33 HAMERSER S EA2016EAS

1CEERE A HERERINC DM SHEREER & RED M DRI
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

AR B8 PaR eth’
*Satoshi Matsumoto', Takuya NISHIMURA®

1. TUNAKZXRZREBZHRERMNEEAN LERRTE T Y S —. 2. RBRFHEAEFRNEFRMEEY 5 —
1.Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu University, 2.Disaster
Prevention Research Institute, Kyoto University

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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Cluster Analysis of the Velocity Field in the Japanese Islands Derived from Dense GEONET
Data
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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
WOV XLD—DTHhDEBRERESD S X ') T (Hierarchical Agglomerative Clustering) 7JLTYU X L%
BRAUBRUZ, BERRE7ILIYXILER, FEEELOBRER (UT, 75 EHR) &, ZO/HMA
FRLERMICIOC CIEBCHEE U TV FETHSD. T, DT —IREMEREL, OSSR ET
%o Rlc. T—OHEDEMEZAEL. Eo>EEEMDEVT—IERY, ZOELICHRLLET—IEERT
3. BENCT—IEDSIIDEBRER (UT, XYN—EMED) ([EBML, ZO57—5ZHIBRTS. <D
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
B (OSXF) ZEREL. BRTNTLVIREZBDOHRICROSNZEFELITI—TEREL,
EAUFHARHICEDVWTO S X IBBZ RE LUIBR. MBENTHRFAFEZRL TLKLICEMNDS
I HEMICAEREZE € > RRBIBED I I —TEHEIT D EMTE R, ZOR/R. MENLEESERERBEL L
CEZXOSNBLDICHE DR, MR T KEPDOSXIBRIEBRMDEELRBERE KOG ETL

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,

F—D—F I GNSS. HhFRZEEN. #RETALE
Keywords: GNSS, Crustal Deformation, Statistics

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG@63-35 -



SCG63-35 HAMERSER S EA2016EAS

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG@63-35 -



SCG63-36 HAMERSER S EA2016EAS

S OBARICH T BIEMEBUBEITN T RO DR © 2005-2010F T F A E 77 - Afar
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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