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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.
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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.
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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.
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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
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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
(Hed:(aFeSi0;) MO DRLEBDIERART «+ 4T RERER (Di97Hed3:Cay goNay Mg, o;Fe, 435,05,
Di99Hed1:Ca, o;Na, o,Al, o,Md, goFey 551,05 ) 2B ERAY —SIEAEIGR (Di87Hed13:(a, 4,Na, 4,Mg, 5Fe, 1sAL
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,
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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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BEEETCH T IHERRERE . fHERCEAMECL > THEONCHERREBEEZBRERE L
THIRIZDLTEETH D,

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,
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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.
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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
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Resistivity structure of Beppu-Haneyama fault zone
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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#
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Preliminary report on wide-band MT survey across southern part of Tohoku (on
Agano-Samegawa line)
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Exchangeable cation composition of the smectite-rich plate boundary fault at the Japan
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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

©2016. Japan Geoscience Union. A1l Right Reserved. - SCG63-P12 -



SCG63-P13 HAMERSER S EA2016EAS

HERTE7ad T —BICHITBRTST2S5MMEY 1 —RIFS 1 ~EEERBYER
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

Keywords: pseudotachylyte, mylonite, interseismic plastic deformation, lower crust
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Za1—I-SYUREEBEBEOTILVT VMBI - LSU T IR ERFETL — SOBEREILT HRT
BRAERDODAEITNKHETHS. 7IU/37 VB (IERREEANAT <, KEDRIIEDORECHERI DK
BOEBEOYIEREGOBRENAIREECHSD. I LBOBREREMN 9-10 m/FEam<, BELCRZEDIGNIZETHE
BRUEYOF 1 RAMERMAECEREL TUVSD. BIBFRBTCOXRSEENS IV T VKEIFERR EAE
o DIRENAIEELSRIZNHENS VKB TH S .

7 )UIR 1 VHWREYEHEI, Deep Fault Drilling Project (DFDP) (MBEIE(L, BHIFERGICHLTHEOIN =
NS, VMEBEREEENITDZICETHSD. CNI T, MBEOFETER EEDPEMREARD, © U IFMERE
EEN SHE - BB ICEDMBROFREE BIE U ISSERBIEE (TN TULVEL)
DFDP-2AMIEH!(E20145E 0 8HI(CRA4AL, DFDP-2B OIEHIIE 2015FD 1BI(CIEHIEE 893 m I THEEHILTET
Uz, IBHIPRA EEMREAENREE Uz, BISEDRLR—IL7EYTU— (Evk, RESAHT—H5
LD IRERR D FIHER) DE T (SBHIERAXS CBENBIRAE L >z, 2L T, RENICET —2 VD OB
[ERKBEXAYFUIDKRRICEKD, FILIA VKHMBZEET SHIDFELDERZVEECTREIZEIESHSD LI
Eolz.

DFDP-2BDIEHIC KD, IthES, MHEKYIIE, HIER(EE, ZU CKBRZ(CEUEXLET—SERESTEZ. 5/, &
AOBRZHENT S CE(C, RGOS OMEEROZRBEL 2. FICEELR/RE L U CHERIE HMERIRIC K
<, MHFLBBICHUVTI40C/km EBRI2C &, BHIBICFRINCED LRICSVTHEREASVLE VS C
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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Frictional Characteristics of Cleaved Mica Surfaces and Theoretical Considerations of the
Frictional Mechanism
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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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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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alteration zone related to the Byobuyama fault, central Japan (Implication; Influence of another
faults) . American Geophysical Union 2015 Fall Meeting T31A-2846.
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Size distribution of sandstone blocks in block-in-matrix fabrics of the Shimanto Belt,
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M B, BEERN &1
*Yu Tabuchi', Satoshi Tonai’

1. BMKXZXREHREMEABRBARZAER, 2. SMAFRZELAERR
1.Graduate School of Integrated Arts and Science, Kochi University, 2.Department of Applied
Science, Faculty of Science, Kochi University

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

*Shun Arai', Toru Takeshita', Ayumi S. Okamoto'

1. CBEXFZ A FRIEFFREARRNFEER

1.Department of Natural History Sciences, Graduate School of Science, Hokkaido University

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

*EBE AN EM TEE

*Hiroto Endo', Katsuyoshi Michibayashi’

1. BRAXZREFEMRER MR AMERIEZER, 2. 3K IE P IR 2R
1.Graduate School of Science, Shizuoka University, 2.Institute of Geosciences, Shizuoka University

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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ZEBMIRMT - PREBERRE - HEIBECH (T IMBEN DI DBANFIEZEZEAL
Localized chemical changes of the fault gouges at the Awano-Tabiki outcrop of the Median
Tectonic Line in Matsusaka-city, Mie Prefecture

WA &K' fEE FL ke B &l Wl S0 8. B &8

Yuta Yamada', Chisaki Inaoi?, *Tomoyuki Ohtani', Jun Kameda’, Norio Shigematsu®, Satoru Kojima'

TIRBXZ, 2.46BEXE. 3. EERMESHIER
1.Gifu University, 2.Hokkaido University, 3.National Institute of Advanced Industrial Science and
Technology

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.
EMEH (2015) BAMIKZERIZER2016F XS TFiE, SCG57-21.

F—DO—F  BAREEZERE. MEADY. hREBER

Keywords: localized chemical changes, fault gouges, Median Tectonic Line
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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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SEMEMRSR, RE, 1991, FiR BADENE—SHREER—. BAHRS, 437p.
AEEZ(TH, 1957, BERMAMER, 1:50,00078 5 CSHEAE. HEFERT, 154p.

FD—R S THE. ENE. BRI WEADY. WEEBE

Keywords: Shionohira Fault, Kuruma Fault, property of fault zone, fault gouge, fault activity
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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
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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
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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
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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.
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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’
*Shigeru Sueoka', Takahiro Tagami’, Barry P. Kohn®, Shoma Fukuda’

1. BARRFDATHEFEEE. 2. AWM MRXRERZERONE R FHE. 3. XIVRILY KRR R
1.Japan Atomic Energy Agency, 2.Department of Geology and Mineralogy, Kyoto University, 3.School of
Earth Sciences, University of Melbourne

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

Y\ WA RE =@ N8 EB

*Junki Komori', Ryosuke Ando', Masanobu Shishikura’

1 RRRZXZREZRMATRL 2. EZEMEESHAIERT EWE - ALRFEERF
1.Graduate School of Science, University of Tokyo, 2.National Institute of Advanced Industrial
Science and Technology, GSJ

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

Ba B B RS
*Takeshi Sagiya'?, Yuri Kurokawa’

1. 2EEAXERSEBEEMRTELY S —. 2. BHERZARZRREZMETR
1.Disaster Mitigation Research Center, Nagoya University, 2.Graduate School of Environmental
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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2003F B HIE DRI BB OB C ALEIEBEDETE
Characteristics on Postseismic Deformation following the 2003 Tokachi-oki Earthquake and
Estimation of the Viscoelastic Structure in Hokkaido, Northern Japan

PR BR'. BN St
*Yuji ITOH', Takuya NISHIMURA’

1 RERXZKEGIEZAERL 2. TERZP KRR
1.Graduate School of Science, Kyoto University, 2.Disaster Prevention Research Institute, Kyoto
University

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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AHAFFEXTRE T IL&E FU2201TE R HIE D 2R TR Z ENiFT
Two-dimensional analysis of post-seismic deformation of the 2011 Tohoku-0Oki earthquake by
subduction zone thermal-flow model

Rk . ER BN B/F K. KB =S8 2B X5

*Jun Muto', Shun-suke Horiuchiz, Hikaru Iwamoriz, Takeshi Iinumaz, Bunichiro Shibazaki®

1 RIERFREFIBEAARRIFEER, 2 BFMTAREERE. 3. ERMRmERIETZ Y5 —
1.Department of Earth Science, Tohoku University, 2.Japan Agency for Marine-Earth Science and
Technology, 3.International Institute of Seismology and Earthquake Engineering, Building Research
Institute

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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BENREBAHNSHE LU CABEATOMTEEBEE VY LD T v I DIRELR
Subsurface density structure and serpentinized rate of the mantle wedge beneath southwest
Japan estimated from gravity anomaly

B R BA BR T RE. KE JfT
Yuji Iwaki', Akihiro Sawada', *Yoshihiro Hiramatsu', Tomoyuki Mizukami'

1.&%RKZF

1. Kanazawa Univ.

EA TIEREE S D OEEHICETEARICERFERAFEEL. FEEETICHHFATTrUVEVE

(PHS) L — +OBBMEE TIIEEMERRMEINC XO—X VU v THREET D, MEINCEEARISSEESVp/VsiEis
(ZMLTHD, BREELEVYYRILD T VI EPHSISTNERBTREL TLDIEEZSNTULS (e.g.
Matsubara et al., 2008) . AMERCIENRE T —SICEDTABAATOM TEERBEEHEL. YU~
WO TYIDEHRELERCDVTERRI Do
AAERTHEAUZENT—FF. 015FFTICERRENUELUCHEFEENRB(ICINR. EERMSSHIER
ERERET VS — (2004) . ELHIERE (2006) . Yamamoto et al. (2011) . FAEABAZE ALK IL—F
(2001). EBHIFH (2009) [CLBAEFIIDRSNET—5%8IA LI, IREBE(L2670kg/m* & L. EH
(EH (2015) DOAZFIENIEEIT O,
BEBSENETOBROIHETILE LT, BERRE (BXERIEEMMTAT J-SHIS) . IV S v A - KEE
RE (Katsumata, 2010) . PHSX S JM¥EFERME (Shiomi et al. 2008) MFRT—SEMHHAL .
FREDF—IZRAVTHHETIVEER L. BELUARICEVTIRTI LD TR L BB RN EERES
BMZE{TDOCECHRAENECERENEN—HIT IMTEEBEEZHTEL . SEIFHEEMNSHEMAICH
(FTTHOEEEORIRZE It AMI(CTAR. BEAMICSAEE Ulz, BEBEHBITOMEREZAE LT, Katsumata
(2010) (CLBOVS Y REEXKETRHEOHEHEREZ (10) OUBSOHEEEVNHREBEEHNSDENLEE LTS,

F TN ELEENAEE UL VBENEEBEDHEZ T oIz, ARBAATRREUNDEILAB AR
Tld. REBPZASTOMRICLDIA—HZRV CHABECEREBEZBR—HIEIENTE R, BEAMAD
AR T, HERBTC—HIEICENTETEN >, COREE LTI, MEEBTIEPHSZ S T DA NE
MTHO. ZRuEMNETEEM > ErEEMRE X 5D,

YYRILDTvIOmEELERE LT, (1) XRST0XREL. (ii) SVp/VstEld. (iii) (1) &

(i1) OEBPEDEDIINI—VEER, 917 (1) TlE. XRSTLEEHNSDEDknZE TIIIRRAELZE100
$SETHOBIEEEEZOND, 17 (ii) TlE. HERIBOHBRECESNLERTHD. ZOMTE
40 SMERTHDEEZXS5ND, 17 (iil) TIEEERETIIERRE(EZ20 % HEEETIE40 R ERT
0. 917 (ii) & (iii) TREFHTEENNS LD TU,

PEREE AR C & (T BBIEILDEREDZEWVNE. CNSOHMIE T TOPHSX S T DMHAHIRDENE F

L—EROARHEICLDBEBEDEVY. ZNICHES XS TBRKEBNEERIGEEDEZEWVICERT S C
ENEZXSND, WENDRERIIRAECENMEVERETHEHTMICDEVNC EMS, IBRELE & XS TRiK
(E X BEBRMAENERE T MEANRH D EEX 5N,

HE AR TR, BEROFERIET — 5 I ERIZRMMATAICK D PHSTL — ~OEBFEREDEFFR
F—HIAMEFANHIRBEBLICLD.,. HERNEIS T+ DT—FERU<MEBBLICIDOAR - R®E
SNEDODEFEALI LUz, KEEARE - ISy REOFERET —5 ESKRTOBEHBEEBLICLDIED
EFEALZT Uz, EERMRESMEFNERERES Y S —. ELMER. ArEEAENHET IL—TF. 58
KEOUABAEZEBRCLDIENT—IEFERLI L, BdH. AMEFISPSRIAE 2434012200BhAD—ER & %
(FTI2ZENTY, CCICBLTEHALE T,

F-O—R AL VYRILDIVI ENRE

Keywords: Serpentinization, Mantle wedge, Gravity anomaly
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AEFEIXSTOTEVY >V RILADBEERIEEBRSI N
Has the collapse of Pacifc slab been started into Lower Mantle

= (SR

*Nobuaki Niitsuma'
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[IRTHRNBELU TLODIMTHRERBRICEDTATEFISTNRTHRVY Y RIVICEREL, BEBERERIBLEHNERS
LIEOTHRET S.

201555330 B8M8. 1T/ N\ERHDMETIIEEIU L THAIESENEN, FES2knOERENAKFEFERST
[GEHELTULBCEERTEETIC. KFEERXSTHIHMN660kmESEDTEY ~ RILICERELzC E&ERL

fz. CO3EBD6A3IBAICERETMS. 6REIkmE B(SROMENEC D, TV MUVEAZREEICL

fz. CNSOMEFRUENBRERERE CS -z, BRETE20MEIBANBORAAKREKE, BAEER
ADBIRIGIEA(C L > TREMENTILL, 203FENMNBICIIAZENBAEEKBLUE. FREAOYU 7T
B T2013E58148M7 . 3pr®E619%kmA, YU P F XS T (EEENSROARERUIZEEITFHRY Y MILE
HICHAATWS CEZER LUz, FEXSTRROARKEHREBEFEILL CEEFEESRLTED, BAZNICY
D7+ RS TEOBICRIFTENEFE L FNELESHEL. CORTEOIAICMHET BFE XS JHEiH
T.2015%58 - 6ADTEVY Y MUMIEFEC > TULS.

COTEVY Y MIVMEFRENRFLR CHDIN, TNITORFIREDSIA I~V OED2009F4818H
SEE671kmM5.0+nt TH e, CDOFEET660kmD FEVY YV MV EERELLETH D, EE660knD FEEY >/ <
FEHOBEEARET TR, LYY NUVEBEBRIMION VS VAL, BEEOROTI N SIHERT
3. COMGBIIEBRIEEEEEITDEH, BEOXSTEITHRVY Y RIL LAEBETET T ERIDIEER
5N3. ASTXRERBICEBHON, ROTINT SIHEGBERRITDE, FHEX>TEREODRXSI%E
TEVY Y RILABIZEEBDIAD. EENDIXSTESITEOATIND EBECEDEGBNEHREN(CETTS. &
HIEER(EI XS TETE VY MUICEESIES. Bl TBAMER] (82h) TlE, BXRLRE, #8570
DTEVY Y MILADEEEL > TEHAEALTULS.

2009F 4R 18SHDMEET TV Y RILVMETH >IN THSSH. 2009F4818H DA EME(SE T NEIB+ntEY
ThD, EHRIASTAOENELASHIBEE>THD, 60knEIRRICRERBAZDO>TVD. Tz, ER
MASTOTHEICHUELTLWDC LI, BARICBETHAANINTUOEWCEEZERKRLTHED, XS THTIHE
BELSVREAZEF>TULDCENS, THRVYYRIUMEETHE > REEXE5ND. D95 TIA XMV IIBTARFE
FEXSTHTFEYY RILICEALTUZET S E, 201MEIBTBOEAAKREXSDREREL >IZTHSS.
EECE, 20161828 (CEVEETR (BIERALA) FE681km M5.7AEC > TLS. LAWL, ZOMMIER (£
EIE) FEEMknTH D, HREMBAEBEERIFEHBPREERISTERUTHDICENS, 2009F48(C
TEVY Y RIVICEAERBL COERXS I THICEBHRIASIMEITAINTRC 2IZEEZX5NSD. 5IEH
(Z, 20094 DUBERFEE & (MTEE (FH(C671kmTH D, INEROTEBVY > ~IUIIE(E, 682kme 688kmds &
UE(Z695km T B .

AFEFXST(E2009F4R18HICTEVY >V RILADEEZERBL, 20011 EIR1MHBRRAAAEKERC

L, 2015858308 - 6B3H(CFE XS TmEiGE TV Y MIVICEETE, 2016F182BICDSIF I v I
TERUCVWERSTETEVYY MVICEIEAAR. TEBECTE201288R8148FE654kmM7 3pREEC > TH
D, 660kmELEDMENRE CNE, AFEEXSTEERETEY Y RILADBRERIRT 3.

HAFIEE, BABILAEMTALERICEREITBATICRLTVS. COMERREEMNL, BICHERAL
e BRI (L UK (FHUSTE S TR,

F—O—RATERST. BHRST. FHYY L. REB. RERE. BA08

Keywords: Pacific slab, stagnant,, , , stagnant slab, lower mantle, phase transition, focal
mechanism, sinking Japan
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20120814M73p__
|-~ 7 20090418M5 .0+np 20150530MB.1t .~
2015060305 .6-t

=0
L L M L L M L L L M L L M A

CMT = axP(+np np P #p-+p YaxT(-t #t T —"_)[M455789] PcsSlab Trench[3516>2865;2865]
[1994/9/23(11:37)-2016/1/30(12:25)] a[ JmaxM9.0p24km[2011/3/11(14:46)Mog]
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2000F RENVRASIIEREIACEL I SWHER
Fracture zone outcrop exposed in the 2000 Western Tottori Earthquake aftershock region
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