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Rheological phenomena of Zebra fault in South Africa goldmine by the 2011 Tohoku

earthquake’s surface waves
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2011 AE AL G AT RENHIEE Tl HARS IS KR E adiE A Uz, BRI HEWE 100 kmiin 7z i 2 shsti] i
BT 10° A—X—DFINOTHNEAEN, 1mA—X—0OHEZMPBRHIESNTWVS T eh b & EFRLFEOZEH)
DERE (=7 =Fa—F) WAEGIHBTE 2. —75, BN 5 14,000 kmifii, (ZITHIEROERNCAIE T SR

TV TN TEHRICHT A E DR R H5 T e TES. VMmN TET 2 TRHFERRIZES (7

7 AEIRNIC BT B M 2 EiFE T OHIEO#E(fE & R AR ORRAEIN (2009-2013) 8K U [SATREPSHLILITOHE
BEERIR D 72 H OBIAIIZE (2010.8-2015.8) 'Oy =7 M Tld, MR km £ THIRICITE, BI%L, BNEHZ®RE
TZ5RILOF S ZENL, 2L DM 7V ABHNLTHUNIEE (AE) IEEIBIIIC U9 AERIE D B T hbhn
TWa. ARiZETld, 2011 R A IEOBICH 7 7 ) AEI LNICRIE S Nz 0 3 At TS Nz09
HHEF LG VT, 2011 5 AR M 5 O A HES) F EEi I K OCRmE O ziro7z. 877
U AHEFEEE I NR AT IV 7 O 30 kmIC i 9 % Cookeddlslll (a1 = 7 +BUARHZ Ezulwini 81L& XiEh
TWz) OHIR 1 km OIS TIXYTENIC Zebra Faults FEIEN S, 1EEINTIRAWEEZEZSNLWEEZ RS N TE
%. SATREPSYTY =7 hMc&k->T, TOMERHE XS ICHHRART R—ILOTHHNRE SN, BIFEL BT
TNTWV5.

U9 AHEHRGRORBEORER, EIFEH S 14,000 kmiN 27 7D AicB 0T, BBXZ 107 OIRIEZ LDV
HHEE) (SS;HIET 1 ENGT S Sil, HEE— T THOLA YU =) MHEBICERIE N T\, £z, i ST
JE&E O PITs O3 ARG OB 2 HEE LIz & T 5, HERSHO@EBICHS LT, WEEISIET S, %L<@¢ho
TAHDEKRT B K IR0 THRLGOEFHA SNz, AFEETIE, BT 7V NEBT ZEROIRNPMIE IS EL 2 5 h
5, 2011EHRAH A EMHIEEIC K > THE UM 7 7 U Aain LN OWEZR BN DWW THEEITS .
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Relationship between ESR signal intensity and grain size distribution in shear zone:
within the Atotsugawa fault system
Relationship between ESR signal intensity and grain size distribution in shear zone:
within the Atotsugawa fault system
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Shear zones are zones of strong deformation within active faults and constitute significant sources of information on the seis
mogenic behavior of faults. The Atotsugawa fault system, which is in the Northern margin of the Hida Highland lies within a
complex tectonic zone consisting of the Pacific plate, the Philippine Sea plate, the Amurian plate and the Okhotsk plate. Thit
system consists of the Ushikubi fault, the Atotsugawa fault and the Mozumi-Sukenobe fault. The study of deformational fabrics
and features within these shear zones can give more clarification on geodynamics of faults. Moreover, seismogenic behavior
a fault depends greatly on fault zone internal structure and fault rock constitutive properties. Although there are many studie:
on shear zone descriptions and deformational mechanisms, only few relate the description of cataclastic rocks (fault gouge) wit
Electron spin resonance (ESR) signals, which is based on the detection of paramagnetic defects in minerals produced by natu
radiation that have accumulated for a long time and produces a characteristic signal detectable with an ESR spectrometer. E
measuring the intensity of these trapped electrons, the rate of comminution and displacement of a fault can be clarified or envi
aged. This study therefore focuses on the relationship between grain size distribution (sieve method) and ESR analysis, and re
of deformation with proximity to a slip plane.

Three shear zones from both the Atotsugawa and the Ushikubi fault were investigated. Sieve analysis and photomicrograpt
from thin sections revealed that grain size becomes coarser away from the slip plane (e.g. Fig.1la and Fig.2) indicating that th
effect of displacement is more close to the slip plane. However, an irregular pattern in the grain size distribution was equally
observed in some of the shear zones. This could be due to multiple phases of deformation. ESR analysis showed a decreas
trend in the intensity of signals toward the fault plane (Fig. 1b and Fig. 2) indicating that the rate of comminution was more
intense towards the slip plane. However, the decreasing trend in ESR signal intensity with proximity to the slip plane was nof
observed in some of the shear zones probably due to multiple phase of deformation as indicated by the anatomizing faults in tt
shear zone Il of the Ushikubi fault.

Results from ESR analysis suggest that samples closest to a slip plane will have low signal intensity than those further awa
while grain size distribution analyses indicates that samples closest to a slip plane become finer due to intensive crushing that
always associated with large displacement during fault activities.

F—7— R Active fault, Shear zones, ESR signal intensity, Grain size distribution, Atotsugawa fault system
Keywords: Active fault, Shear zones, ESR signal intensity, Grain size distribution, Atotsugawa fault system
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Fig.1 (a) Grain size distribution curves of samples from a fault
core zone (b) ESR spectra showing variation of signal intensity
with proximity to a slip plane. Red dotted line on the photograph
represents a slip plane while blue dotted represents boundaries
between different sampling points
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Fig.2: Relationship between ESR signal intensity and Grain size Distance mm)
distribution. The intensity of ESR signal increases with proximity to
the slip plane. By plotting the Dy of samples taken with proximity to |-~~~ ESR signal intensity - & - Grain size distribution
the slip plane, it can be seen that grain size becomes coarser away

from the slip plane
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Physico-chemo-mechanical processes in a slip zone during the 1999 Taiwan Chi-CF
earthquake
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To investigate the physicochemical processes of minerals during and after slip of the 1999 Taiwan Chi-Chi earthquake, we
analyzed the mineral assemblages in the Chelungpu fault by using quantitative X-ray diffraction together with scanning anc
transmission electron microscope observations. In the primary slip zone, we found markedly low contents of quartz and clay
minerals and large amounts of amorphous particles ranging in size from submicrometer to several tens of nanometers. Millin
and heating experiments with host-rock samples indicated that these mineralogical changes are due to comminution and friction
heat during slip. Moreover, the changes may affect slip behavior through a mechanism such as thermal pressurization assist
by clay-mineral dehydration. In addition, preservation of a high amount of amorphous fine particles can potentially be used tc
identify the slip zone of the latest earthquake on not only the Chelungpu fault but also on other faults.

F—T—=F: XA/ T7IV, 7ENVT 7 A
Keywords: mechanochemical, amorphous
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Characterization of carbonaceous materials in the Taiwan Chelungpu fault by micro FTIR.
Raman spectroscopies
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MR O Wi C O R ENE R ORI, HEDIE D X BB XU AN Z A LOHFIC BN TS CEETHS. 1999
BEEEMETIEE LzF o)V THiE T, HEROEOE TH S ROH Y VRHICBWT, BEEHAGERT S &
EZDNDERRZROWD, HREROMEM, KLIYORD, METCEHRB XU SrafifkttD B ENHRE SN, H
ERFIC 400°CLL EDORBEREB LUIZERBENTWS. LHL, EEEERERRIETDICHEBEINTWERY. ZFC
T, BT U TARWIC 28k UL RS JE IR e U S g™ 2 IR YN & H U, HEIC K B Wi E rh O Y D70 FL 2P
EDZAICHE D < i E OFHIIC DWW THEGET L 7z,

AT, WEE L TF L THIED PSZ (primary slip zoneZ:id b #7) = & IEIEEIh OREY 2 w5 & L,
NN BRI T etz Uiz, iz, HERREOBLNSEEER 2 B8 UTREFM 2175 728, B
FEE R U T REA O IREYI ONNEAEER (GHESEEE @ 10, 500 K/min, FIERE © 100-900°C) X Orh-gnd e G
DEE :0.01-1 m/s FEEE © 40-310°C) Z17V, Wi & BRI D ENT B R T T~ etz L L 7-.

ZTORER, SN ER L PSZTIE F FOREREADRE L HIRL T, MEROBERARKMT S EEZEND
REMOE NI R mE T (DRSS NT. EHIC, TOREMORORRE X O REmEEREE 700 °CAll
THHERBEN, FITHRORR 2 EET S L, PSZICEHIT 2 HEEMER O BEEFERE X 400°CLL | 700°CATG T
HBHEHEEINS.

F—U— R GEREME, )KEY), RN, T e
Keywords: Taiwan Chi-Chi earthquake, carbonaceous materials, FTIR spectroscopy, Raman spectroscopy
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Frictional properties of ground dolerite gouges at low to high slip velocities
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FRFLEA TR U TR 500um LR D F LT+ badkliz, HEESESFLAZ#H LT 1075 5 60K £ T 5 I
U, FIPHRERINC K 2 PEEERHE O 2 L 2 Wit Uizco Mok XRRIEIHT AT OFS R, #mRifd 10 2O RN IZIESE I EIE &
FNT . MR OB > TIESEYE EE RN 40 wt%E T LTz, F/-. 6 BFRILL ¥R L f=abkhicid, Ik
SRR S B ERIRRI 2 EFENZ T DL En 5Tz, TOBRIRRIFIE. kg aD X S, JESE Mk
THHEEKDOWEICIDRE L TEREINZEDEEZ6NS, EE. BEEODWICK D, MRS E JERE
WEZZ < FUERNE EKkN 22 EF8 (A 14wt %) TEMHLEME RS T,

FRRLSA MY VBN DV T, FiE, REIG 2 MPa ZEA0#EE 20 um/s - 1.3 m/SD#iH ¢ Rl#;ET k92 &
o7z 1.3 cm/sbl FORZNLEE TIE RO HOIREE 70 CLUR, @HEEEREIZ 0.59-0.75T, [Al—ZND#EE T3
PEEFE D B WVEENE & T H BRI R E B3 EADED 5Nz, ZAEE 4 cm/s TR EOIREA 100°CLL E
WGE L, B EERENE 0.60-0.66T, MTHRHENC X 2 8 W RO AN/ NE {Ixotz, ZN0EE 13 cm/sbL Tl
AN EOIRED 180°CLL FITE L., ZN0EE O fE > TEFBEEGRENAE LN L, R—2M#HEIC BT 5T
PEBUREUT IR O E W EHE 8/ E K R B EAD RS Bz,

CDX S HMPIFRIC K 2 KL T A MY O OEEESEEDE VI, JESE A Y Dl LUizk O 2N
5EZ5N%, 1.3 cm/sbL FOBENGHEE TIX, XD EOIREN 1000 C KDz dIEFE A W LizKah
REFEN, K722 W LT O BVl EHZ EIERER TRIOTBEEMIC X > TRE NS T 0. BEEmRED
REL G EEZOND, —/5. ZO0EE 4 cm/sTIE, BEEFAICK D ITXNDHOWED 1000 CLLEIEL, JEM
B IHBIK U CIERE A T DR FROEE D b NI Tz, IHEERIC X % BEESRE OB NI NE Aot 8 EZ
5N%, 5T, 13 em/sbl EOEZENEE T, JEHEH T Vh 5 DIKIC X 2 KRS DOFREEENZ DY) — 7 HE X
DRELIZ> T, KEGDAY VAR E NI DBBREN EH U, ZO8ER, Ko7z W L TWO Iz
DEVIEHZ EBIBREDPKEL ERUT, EHEBESREN NS kol EZ 5N S,

F—T—F: FLIA N WA T Y, B, JERE A Y Y, KW
Keywords: dolerite, ground gouge, frictional properties, amorphous gouge, moisture adsorption
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Modelling of the postseismic deformation of the 2011 Tohoku Earthquake based on lanc

and seafloor geodetic observations
i sl o HEF STR Y R Juz 1) Sun Tianhaozite; Wang Kelird ; KH BESR 4 ; R 5221 A [ Fadt Kt
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20114F 3 J 11 HICHEE LT sUIEHS AT EMHIEE (M9.0) 1ff S RN, AFREN S 34 < AREE U 72 BiE
ICHBWTH, FEERCHETOMBZTBIAICE D, AREARESOLHE LTHRAKI SN TS, fid - it (2013,
HEARMFARR) &, GPSEEEAG ST O BEHRAZ BB N OS5 e AV TS EOK BTN X > THEE S N
IBEHTRAT) 7T — 2 £, BEE GPSBIAIC & D15 NIARRERY T — 2 2 HICHIIT 2 720I12iE, RBINOPTL—
FMEDEZOEEE VS T, RARABKTFET L— b MO T L— bk DR TEUZEE - XD BIRICERT %
SEMEZZIE T Tl <, REPERERNSE O JFPE I R 2RI K B ETEDETIVED AR TH B T LR Lie. Th2BEX A,
& O BRI RINZETOE T IVORERD T2, AREREZ VT, ILHRAB AT T OIGIRCHBHEE N CRREEZN T
NOX Y FIVOKMEDENZER LT ET IV ZER L, ThzeRWTHIERICc X240 ef#EdT s L L. e,
HBZEBNBIANC & D15 5 NI ZERIRERI T — 20 5, AMRERET VIS K DFHRE NIRRT K 520272 L [»
TR DOBFNITNDICKBZENMTH D EDITEDS EITWfMT 217> T, RNTND A ORFZERFEROHEE 217> /¢
AT, CNOOWREMNML, £/, RMEMIEOIEDENDRNT N R OHEEIC 5 X 2 B DOV Tt
2175,

T—RBLUMRRFE

GPSEERFEAE G RO R A BB 7 — %, HAZ EXOWEL I il E NIokET— 2 oHEEEI NS
MR N T — &, WTNCFE E O GPSHE IR TOENMRERIT — 2 2V 5. HEKET— X DWT—RN7%
R ZtTo & T A, HEBENTOWAHMICDOWVTIE, TXTOEABIIFEICEE U TH@E OB 2 £ D0 5B 5z
HWTEBIIT =2 25T E ST M > T2DT, SERTOREZHEE LTSS NI BB W TH I 1EHEIR
BOIKFET — R ZIRANCHSE Uz, ST ARIHIC AR U BRI P S 22012 DV TR, KSTD CMT A2 1 7 7%
TR ENZZENREEFR L, WHZNETID SRS 5 NIZBNRERNT—2h bz LI T e THlERT- -
FEPERERNC X AN O R D ICIIAREREZ AWz, WHRAB AT TORIR, WL — e KEETL— 2
NZNOX Y FMIVOKMEOENEZKEET, Fiz, IV MVY oy DMz 3o Uz, R 2
7 — 272 O THEE S N7z linuma et al. (2012DHIEERF G XD E7 )L EGIIAE L UTE5 A2 THMEREI ZBE S8 % C
LIC K- T, MR S IR E N B ENIRERIZ R L 72

INSEENE NIZENRERIIN S 2 LS IWT, REITRDICKD & BbNB K7 DA%, Yagiand Kikuchi (2003)
FD S KRR R AT L2 - TRRIT LU, Rhd XY ORFZEfIREZH#EE Uz,

R

ABRERIEIC K BFROMRZ RS &, & DZNAZR U TOTEEBIHR O S IIREMERANC & > Tl TEE
TH5—7, aTERmEHNDRIRILEIC T TORE | GPSBIHIFIC W TE, BT NEX D & RS RH A E DL
MNFRENTVS. ZD7, FEEBREKICE T 2P E DL 2 RNTNDICE > THIHTELENELCTLE ST
W5, TOZNERYZWTS % L IERER OO DS 2 BN S, ERERO IO BHEEES NS T &
B, ACFEERGEZ0E U THITERRRIIC X 2202 AME > B LRICTH D, TOMERKRE LS. K
FRJENNE 2 OE U Te B I HERF 9D VR E D LIS HEE SN T07zDIicxi U, NMIEREZGE L THIR
LHREZMO IR LIS EIE, EWIROMED, HERST XD WK ED o 7K D 00850 & T AICIERTET
DINOMWIT 5. EWEROITNOBMEEEN TS Lid, TL— MHDOEENZITEC TS EERZT L
MWTEZ1SD, ZTOMERTIND L—FZREELRBE 5T L7 L — MR OB 2% 2 2 1CIFFICEET
H%. WAIT, ZTOMEDRIMEMORADICKE UFELTLE S DIZEHI ZNERETH D, 5%, KOLLEL
WRSTERERNC & B 2N 2 HEET 5728, BTNV ZBIROMEICHIL TREILL TOREN DS, HHOEHICH T
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Keywords: The 2011 off the Pacific coast of Tohoku Earthquake, Postseismic deformation, Viscoelastic relaxation, Postseismi
slip, GPS, Seafloor crustal deformation

2/2



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SSS32-07 2155315 Refi:5 H 1 H 11:15-11:30

KB B SERIC K > ORE NG AEERD X — )UK
Scalte dependency of rock friction strength revealed by large scale biaxial friction experi-
men

IR R Y il g — b T AR 2 R K3 1T A
YAMASHITA Futoshﬂ* : FUKUYAMA Eiichi ! MIZOGUCHI, Kazud ; TAKIZAWA, Shigeru® ; KAWAKATA, Hironori 4
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BLIFARMEDOZr—)L C108 m) EEBHNEBRO X —)L (1072 m) DOBEOF v v 7722  HINT, A— kLt
A AD AR TR il SR 292 Lz, Saakle LT LHOEAEA > FEF Yy 7aZzfv, Z0#
fulfE (RHRMIEERD (& 1.5x 0.1 n? THoiz. FhiE 1.3, 278 KT 6.7 MPaDIEEL ] FICHBWT 1074 A5 3 x
1072 m/sDIMHRETHB b, BMEBIUCEANMEITD— RV ZHWTHIE Lz, D, JIE L 7z8 AW
H 2 EE M E TR Ui 2 BRI E TS, [l ARG 2 O e B NFEERIC K D, SO OBEBRRBE SV
D EEEEIC BN T RO HEREE R RO LAV RENTWS (121X Di Toro et al,, 2011, Naturg.  FKA& IEARFZERIC
BOTA— MUY A ZOEGREID RO B R RO C b 2R LTz, 37ab D, BEEEBIIEVEANEE (1071
M5 1073 mi9) ICBVTIZ0.75TIRIF—ETHEDBEZ 102 misziz % L 2WITIK T 2 &z LTz, A—F
WY A ZDEFREE W 2B T T O K 5 I fE 55 LR D ERR ’éﬁhﬁa. LA TYDTTHB. 272, A—F
IV A RO BEER BN T IE IS ISR U T 3WMKEE 2R 9 T E RS Nz, T DT &Id 3 RO g EEERF
YRS AME—DERTII RNV EEEH®RL TS, 2T, ﬁ‘ﬁﬂ?ﬁ@*’ﬂi% B, BRI K2 X,
INXTOBENERTE, BEERBIIEWVEFRERTRIZEETH LD ARMEORMGADIICONTK TS &
MRENTWVS HlZiZ. DiToro et al., 2011; Mizoguchi and Fukuyama, 2010, Int. J. Rock Mech. and Min) Sck —
IV A R T DRI & EFHROBRZFINT & T A, BEEREY 1072 MIm?s DL EOH-FHRICB N TR D
RO RT T ENHLMNE RS Tz, T ORI, BEERED T RO EE TR B UALFERIUKFEL T
W5 kZRLTWA. DiToroetal (2011)i&, {HdREWifEm LoORE FRRIELHIBEIRICH D, BEEEHEICE ST
DL BN BEEEDN S I OV LZER & ZNIC K 55k Z25 [ 2R L TWAE EFRLTWVS. AEERICBWVT
E[ARRD A A = X LMl & BEERIE 2 PP T 5 EEZ NN, A— MbY A XOEEEFREIG/INE 7550k 2 > THE
E S NTBEEREIC AN LR NE I EFREDO S TR E > T 5. AR, TOAEAEDWIER oY ARSI ANTY
ICERILTWS &Pl L, KRB ZEIEEEEAERIC K > THEm LIC/ED MEN S NGERIS 0L, ZDISNENT
TOMFRITKTTT 2 EENZ BRI EZHEE LTz, SHICEARIE, ORI NIENTFHET 255059 bk
MOHEEL B m>Te. TNHDOHEEN DS, IS ATEDENE E/NE R HRCEHNZERREIME N5 &2
MR U7z, —MRICAT — VIR E L A BIC DN TZEMBANGENN R B2 HICH B T L2 BRI D L, SaDER
FEE R — Uk F 2R DRlREEN H B L EZ BN 5.

F—T— RA OB, CHEERSER, A — ) VIR(EN, (EdR

Keywords: Rock friction, Biaxial friction experiment, Scale dependency, Work rate
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Graphite-bearing pseudotachylytes in metasediment: Implication for CO2 degassing b
oxidation of graphite
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VHRERSE BARIATIILRL, 2 R, BPAERHE R AR

IGraduate School of Science & Technology, Niigata Univerdbgpartment of Geology, Faculty of Science, Niigata University

Graphite in fault rocks has important role in controlling the redox states in COH fluid, and many researchers have pointed ou
that the behavior of fluid in pore water or hydrous minerals dramatically change the physical and chemical property of fault rocks.
Recently, the C@degassing, form possible biogenic sources, along the faults is monitored in various active faults (e.g. Lewickie
and Brantley, 2000). It is expected that the behavior of graphite in fault rocks play a key role about the fluid composition and the
physicochemical properties. Here we present a detailed analysis of graphite found in pseudotachylyte and discuss the relationst
between graphite and fluid during earthquake activity.

Graphite-bearing pseudotachylyte in Hidaka metamorphic belt, Hokkaido, Japan was examined using SEM, EMPA, and XRD
In pseudotachylyte-bearing cataclasite, melt-induced textures such as biotite microlites, shell textures of Fe-oxide, flow texture:
spherulites and vesicles in Fe-oxide are observed. On the basis of microtextures, mineral assemblages of melted and surviv
minerals, pseudotachylytes are divided into two types; Pst | and Pst Il. The matrix of Pst | is composed of sanidine, hematite an
vesicles in Fe-oxide, and plagioclase and quartz are remained. These observations suggest that they are solidified from silice
melts by dehydration of biotite at around 700 - 1150 degree Celsius based on the experimental data. In addition, we can als
deduce the stability of biotite and graphite in silicate melts of Pst | from the reaction of biotite equilibria orf@geplane
at 200MPa based on the experimental data of graphite and biotite. Mineral assemblages of sanidine, hematite and volatile
vesicles are stable only in higi©, fields, suggestingO, in the range of over 10'! at around 700 degree Celsius by frictional
melting of Pst | phase. In this phase, graphite in Pst | is unstable and will be converted to COH fluid in silicate pseudotachylyte
melts. On the other hand, in Pst Il matrix, these phyllosilicates but also quartz, plagioclase and apatite are found to be melte
or have formed embayment textures, whereas only zircon has survived. These data indicate that the Pst Il has formed at a pe
temperature of around 1200 - 1400 degree Celsius by the breakdown of plagioclase, sulfide and apatite. The graphite content
Pst Il decrease from 1.5 wt.% to 0.9 wt.% with increasing degree of frictional melting and ali®’@ealues, which shows
wide range of§'3C values between -20.9 and -33.1 permil, when compared witli'th@ values of graphite from associated
fault rocks and host metamorphic rocks (-24.8 +/- 0.67 permil). These data suggest that the host graphite has been converted
the COH fluids and then a part of fluid deposited graphite are re-precipitated from COH fluid during isobaric cooling and other
carbon expelled as COH fluid due to the oversaturated melt.

Thus it is evident that frictional melting and dehydration of sheet silicates during coseismic slip generatgasdyy the
oxidation of carbonaceous materials. During the transformation of cataclasite to pseudotachylyte the total carbon content he
decreased by about 0.5 wt.%. Assuming a rock density of 2.7¢'/ ttva fusion of 102 m? (i.e. Imm thickness< 1nm? fault
plane) of cataclasite into Pst Il releases 50g of excesg. e estimation of CQ degassing in this study is comparable to
those reported by Famin et al. (2008). Thus, not only carbonates but also organic matters, including graphite and carbonaceo
materials in crustal rocks, are potential to be a source of BOrictional melting, and the release of Gto fault planes may
drastically change the dynamic properties of flash fluid pressure and frictional properties of fault planes during seismic activity.

Reference: Famin. et al., 2008. EPSL, 265, 487?497. Lewicki. & Brantley., 2000. GRL, 27(1), 5?8.

Keywords: Graphite, Pseudotachylyte, Carbon isotopes, Frictional melting, CO2 degassing
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Nanograins and carbonaceous film on a fault surface: an example from a fossil megasple
fault in the subduction zone

JURE AR 1 RKS 27 2 B AT IR G ° LI RIS O B R O UK B 2 bl B 2 R VR AR O —
BT KA 8 m%%”é%?’ JIi 57 2 HT?‘&%Q HK REE T 2 i e ®

KITAMURA, Yu1|n I+ KIMURA, Gaku? ; KAMEDA, Jun* ; KOUKETSU, Yu?’ ; YAMAGUCHI, Asuka® ; KAGI, Hiroyuki® ;
HAMAHASHI, Mar|2 FUKUCHI, Rin& ; HAMADA, Yohel3 FUJIMOTO, KOIChIrd HASHIMOTO, YOShItak§ SAITO,
Saneatsti; KAWASAKI, Ryoji 2 ; KOGE, H|roak? SHIMIZU, Mayuka? ; FUJII, Takenad

VI R AER AR A RHER BRI R 2 B, 2 SRR E R AR P 2 RIS R BR R R R A R, 3 e T B T e
*%ﬂﬂﬂil*]iﬁ&% 7 X7 AR, ¢ JCHRE R R A GHEEM 2R B R R AR, 5 UK E G P R TSRt L2 52
B, O EURSARSUBIEIZLAN, T BUA =R, 8 @A, © R\ a B B Eir

1Dept Earth and Environmental Sci., Kagoshima UnivergiBept. Earth and Planet. Sci., University of TokydEFREE,
JAMSTEC,*Dept. Nat. Hist. Sci., Grad. Sch. Sci., Hokkaido Universitgeochem. Research Center, University of Tokyo,
6 Atmosph. Ocean Research Institute, University of Tokyimkyo Gakugei University:Kochi University,” SHIMADZU Corp.

W T D RN PR IS B MG © DX 2 i § 2 HELER TH %, TFE TIEREBERIE AT —IUkEE 2D &
LR EN TV [Liand Kim, 2008}, & D7z HEfERE DR 72 A r —)VIC 1) 2 G EIEIIMD THEENC R %, WifE
HDT T FRAEFOAA=FVRA IO A—= VDA —)VTT 57 Z)VHEFFDOEEZEZ SN TWIzZh [e.g. Candelaetal.,
2009] BIZ XA ZFEOWIE I OB TlEF / A— VAT —)VTIE T 5 27 Z)VHEDEKNT LR [Siman-Tov et al., 2013]
COXSEWEETIIE T/ A= VO FHREZE > THED, ADEOHRELITOMME 5% DI EGRZET
BLEZLNTVD, TITARREETE, EME EWEHEAEHE (NOBELL) TEHEINE N7z a7 O FEWTEITHE DI
DD eIl O iz s EHC IS U7 R 2 59 %,

NOBELL (& 20114 7?9 H I S IIRAERI T NIC BN TAFE 255 mEX TO I 7 2RI Uiz, 41 mOFE CUERE I
WigzEEL, a7 OFESYHRNET — 205 NMEORMII R A B DI S T 7% - 7z [Hamahashi et al., in revision]
AWFZECTIEFEWEIE FOSMRDFEE LY GRZ R DWifgmOX w2, &M L —Y —BEME: - EEN 7o — 7 EMEROE
A% (SHIMADZU SFT-3500 ZMHWTEIZ LTz, RERERmZ Z~ > mtEic K> Thatr Lz,

70— 7 MG TIEWE R ICEREDE T/ A— VORI IRMEMR E Nz, T 0)2%@; 1017 A=k
JVPU T DI TH 9 h 80T/ A— R VDR UL EWERD THERIE Th - 7z L—P—BMEED XZ 51l 5%
H L~ A 70 A= MUHEICREMER I N, £REEHBOERICTSENMEREI N, IN5DT L SEEE
B 1A 70 A= R VR EOEREEICEDNTOE T EARBENDS, T VIMEHORER K D IERERED
FENREE N, WildERTD SRR OE B TEIIC K > TERZEDFENEL D DNz, A=Y BN
EIC K BHTIC K > TIREARHNDRZDIBED R T N,

DLEDOFERN S, AGRHIWTE T O BEESEBFEOMEITIC X D RRMNY T A 70 A— MVAT —)VE THBICEBE
N, ZOEREZREGHEEDENE > COEHEER > T3 EEZ 5N, BBEHDFEIRDERED T/ A7 — )V
MG, (AR ZREICHOMNCT 2 2 & T, WiEOBRSHEEREOMRZRD 5 LICHIKTE %,

F—U— B il EWEHEIEHE (NOBELL) |, YRR AR, A hntAk, Uy, WrEss(k, Wit

Keywords: Nobeoka Thrust Drilling Project, subduction zone, accretionary prism, Shimanto belt, fault weakening, fault mirror
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Dynamic backthrust branching: role of barriers, and implications
Dynamic backthrust branching: role of barriers, and implications

XU, Shiging'* ; FUKUYAMA, Eiichi! ; BEN-ZION, Yehudd ; AMPUERO, Jean-padll
XU, Shiging"* ; FUKUYAMA, Eiichi' ; BEN-ZION, Yehud& ; AMPUERO, Jean-padll

INIED, 2University of Southern CalifornigCalifornia Institute of Technology
INIED, 2University of Southern CalifornigCalifornia Institute of Technology

Increasing evidence indicates that backthrusts may become active during or after megathrust ruptures in subduction zones, st
as in Chile and Sumatra (Melnick et al., 2012; Singh et al., 2011). Previous studies of relevant mechanisms mainly focused on th
interaction between forethrusts and the megathrust. Here we investigate through dynamic rupture simulations how backthrus
may be activated by megathrust ruptures in subduction zone environments. Assuming a single backthrust branch that is backwa
inclined to the compressional side of a continuous main fault, our results show that (1) fast speed and long propagation distanc
of the main rupture favor the activation of backthrust; (2) the outward propagation of the activated branch rupture interacts with
the main fault mainly in the backward direction, while the tapered slip towards the branch end at the junction affects the main
rupture behavior around the junction. We further assume an effective barrier for the main fault at the junction, motivated by
the previous studies that barriers of various types (e.g. sharp fault bend, fault end, and transition region with increased bas
friction) can also generate backthrusts during the long-term quasi-static process. Compared to the case without barrier, or
prominent effect of the barrier is to arrest or delay the forward propagation of the main rupture, such that a resultant backwar
stress lobe as discussed in Xu and Ben-Zion (2013) can load the backthrust branch over a considerable time. This is particular
important for rupture activation along relatively immature backthrusts within sediments, where the nucleation time leading to the
spontaneous propagation phase could be long, due to the large effective Dc, low frictional strength drop, or surface roughnes
Indeed, our additional results confirm that the barrier model, although not always necessary, is more favorable for the activatio
of backthrusts with increased dynamic friction.

Our study has several implications: (i) it agrees with the quasi-static model based on the critical taper theory and limit analysis
(Cubas et al., 2013) that an increase of basal friction towards the toe may statistically favor the activation of backthrusts near th
up-dip limit of megathrust ruptures; (ii) there are also possibilities that backthrusts can still be activated by a propagating rupture
therefore the dynamic critical taper theory developed by Wang and Hu (2006) needs to be improved. In fact, not only the regior
near the up-dip limit of the seismogenic zone can be pushed into a critical state, successive region around the propagating ruptt
front within the seismogenic zone can also be temporarily stressed to failure and may even sustain a failure propagation alor
preexisting branches; (iii) it provides a specific example of compressional-side antithetic branching that can support the earl
speculation of fault behavior at junctions (King, 1986; Andrews, 1989).

F—"— K: earthquake branching, friction of fault zones, fault barrier
Keywords: earthquake branching, friction of fault zones, fault barrier
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REVIR IR T O TREME- 1 ¢ RPR
A possibility of a CM fault thermometer Part 1: Reflectances

A 8 T 5 R f— 2
OKAMOTO, Shiori' ; HOSHINO, Kenich#*

VIRERSBAE, 2 N REEBRATT R

LFac. Sci., Hiroshima Univ2Grad. Sch. Sci., Hiroshima Univ.

REMOHE (ARIL) DHA 2T 4 7 A& Burnhamb O—3EOWZE TRl irE T3 (il 1E, Braun and
Burnham 1987, Burnham and Sweene§1989 & Sweeney and Burnhartl990 &, fiR{EDRK « B AT A S0 EfE
ANSTEMEAE T XNV F =TI ZEA L, T ORI SENRISETTE (F) LREYIOIRNE% (%Ra 73—
Yo hRED) EOMBER Uz, 513 FE Tz, COBERINEE ACH), AREOEA (1C/H), HiE%R (10CHHF)
BX ORI QACHHE) OFIRRIEHTES LR TN5S,

—J5 T, Huang (1996 (&, REYID%ROIZE -4+ HEONARBRTE LRI Z 2R, ERERISt (D)
DOREHIN 0.078TH BN EHEEH|ZE -, F/2, Muirhead et al.(2012 &, BNfREBEIC KB~ —F Y VEATD
IREVDOBI-BAREOMEIC K BTV ART FIVD RLOZED S, t OREFDVREIARKAFES 2 N E @ H % H20E
Lize L LAEDS, TNEOXNEHEHNL, SO0BAN Bt U BOREY OIAFEICH DN TS, FEEDS
DOMEEERIC XN, MEBROSEAOXTICHZREYD RL EEATFOREYO RLOZ(LIZE LI HixE T &AL
METE-> 1128 GEMEIGEERD-2), FEONZEERNIHE R O BRI EH RN Th A D, 2T
FHEDIIROEERZITIR, REYINC X S WERERT O RN Z Mt LTz,

PR SEEL L 2R A SR 27 )V d VERS O - 7V A, 300, 350, 450, 550, 600K T 700°CC, 2,
5 131K T 34571, MEFETHIEAL 7z, A L7zhnBVrid, SREREIC RT3 £ T100fEID, £RERET
DFEENE S T2, TNHOMERRNE, FRdiREOMERRZ /R L TV 5,

TNSOMBGRI ORI ZH] D B> 72 RICHIE LIS R 2 VT, KERBXUX#H -2) DIV AXRT MILD
WEZITIR o Tz 2B TOREFE (Ra I/ S—t > bEFD &, KHHEMEHRD RGBRHTIC X% G D&z e
Fl (SIC, GGG YAG & &) DL igd 2 HIc X 0kDiz,

MEARTD 2 DOE T OREYIO RaDFHlE 0.093 & 0.106 T, HiED%RolE 1.99TH - %, Lidd Sweeney and
Burnham (1990 OHBAIC XX, THUCHIET S Fid 0.618TH 5, 450 CLLFONEGREI T, RaldiZEAEZELL
T, TOFERIZ, 300°C, 350°CH KT 450°C T 347 MDA T FFEKICIh > T 2 a L—F LI FAZFNZEN0.618
0.618B KT 0.622TH D, IFLALHEITLRNT L ERMNTDH %,

—J5 T, 550°C, 600°CH KT 750°C T 34 7 fhNEA L 72800 Rald, #1121 0.121 0.12786X 0T 0.151¢ LHL
2o TNHD TR SRDIZFIZ, FNFN0.742 0.811B KT 0.850CTH 53, Fi, 750°CDH 2, 58K 13774
OMEGEID Rald, ZNZ10.147 0.1508K T 0.150C, i DFEIETD 347 BOEA#%D RakiFEAEE DGR
VW, TDT EIFERE, 5 750°CONMER T-t FREEH SRDIZLETDO FMN 0.850TH D, %5 DHEBEH|D RO SHHEFT
ETHBT L EHRNNTH S,

A TRRED CM ZETEADE SR BIMNEAEBRNIBRETH D, LidDfERIE, REY O EICHD  HZiR
ERFOEWATEENEZ/ R L T %,

AIMEAFTERIC K B IREYOZKD T VM HkE RIS DOV TIE, K (-2) THlEd %,

F—T— R REN, W WiE, KGR
Keywords: carbonaceous matter, thermometer, fault, reflectance
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REVIR IR ORTRENE-2 © SV AXRT ML
A possibility of a CM fault thermometer Part2: Raman spectra

A P78 T R (G 2 Tk ORI T © ) SR i
OKAMOTO, Shiori'* ; KOUKETSU, Yui? ; SHIMIZU, Ichiko® ; HOSHINO, Kenichf
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!Fac. Sci., Hiroshima Univ2Univ. Tokyo, Grad. Sch. Sci?Univ. Tokyo, Grad. Sch. ScitGrad. Sch. Sci., Hiroshima Univ.

IREYDF 2 AT BV BISENZ N DHOIRT A—=&iF, B & U TLL b TER (21, Beyssac
etal, 2002, —/5C, Huang (1996 & Muirhead etal.(2012 &, Afih SHliH LZREYIOINEAERD 5, ThEh
REY OB S 2 R T IR KSR L 5< 2 AT R LD RLEEDZGICDWT, INENEEE « BRI BE T 2 N s f| %
EELTWS,

ZTTARMETIE, T VARY MUNCKDIRENZREY ORI E D S W&t O gEE 28572, €
FUF A N RFEROREIC K DFEGRED 180°C & RFEE SN TV A ML= N iEh, 2014 Hh SEEL
Tolema Rl OB 21775 5 T2 alfHE, 300 350, 450, 550 600FB XU 700°CT, ZNZN 2, 5 13BXKU 3477
AL 72 GRS D-1 2D, InEAGURIO RO REY) & alRNERDIRE D Z < 2 AT MIVOXHEN S, #iiE
DOFRIFBE LD BHEITLTWVB T EMEREI NI, LD ST, REVIORREZWEIREE U THWSHIC
&, SRS OBRE Y 208 Lz iz 570,

L TAT, i« REFE OB OREYO micro-XRD O TlE, AROY— 7RI NGEN >, LD
T, RIS X 2 REYDZEIE, AL TREESARIETHS EEZ NS,

REMDS <Y ARY MUITE, Wbd3E GE DD - DODNY ROY—2HENS, IMBEIED S VO YEDmh s,
INEDNY RBRENZ N DONDA VT 7 AN, KR (300-450°C) OHIEARERK TEIHERZ(bZ/RI T LH
BHENT, —/T, TNEOREHOREYIORSHIZ, NEET 2 ZERBETEIEAR L NRY FiFEEDO-1 218),

GNYREDNYROE—=INMEE, TRXTOEBRBEICHBWVT, MARBNEL &3IcDON, L0 EREiicy 7
g%, LWLAEDS, TNSDNMEIKIRED ERITENHEGRICS 7 MEIET, 450°CE TlE@EBElic 7 L, 550
CTEIEMNC, FIEHRTRBECEREMENCY 7 F3 %,

N FOE— 7 (GEOWREGES, AR - KRS U TR %, &ERE (347) OMBGARITIE, 0%
BERIE ENE a3 D, [AREOMEIF MO INEARER O TIEERH B Uz,

GN\Y ROV —7 i L 2EEIEDH (Gif) & D XY Ro¥—rDFn (Dif) &FNZFh, 300°C-450°CE T & 550
C-750° COM Tl &iiiZ EWA 9 2 dEm 72" 9 h, 450°C-550 CRITIXIEINT %,

DL EAARTz K S0, RS & RIS IS UTHINCZL T 21 7 v 7 AERERBENTOHERND, ThbDAf
VT 7 ZAONBREE « BRSO T AR T 1, AT MUC X DR E NS REY)OBGREE D IR UTHIH
TELAREMZFTNTRL TS EEDbNDG, Tz, FidDA VT v 7 AZLORBRARENS, FHAZREY DY L&
ORI B ORI, RRICHAES 21ERE, RIS, InEERE & KR 2 [RIRE I HEE R 2 IR -FERIR T ORI HEME & R
LTW3,

F—U— R EY), R WiE, 5 2 AXT R
Keywords: carbonaceous matter, thermometer, fault, Raman spectra
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Mineral characteristics of the plate-boundary fault at the Japan Trench

B A0 Y WK R 2 IR TERER 3 EME L A ) Ry RS LIy T T UF 2 AAS 'Y VLT Fx
AZ—TLw KR8, Kk %2

KAMEDA, Jun'* ; SHIMIZU, Mayukd® ; UJIIE, Kohtar@ ; HIROSE, Takehirt ; IKARI, Matt® ; REMITTI, Francesch;
MORI, Jame$ ; CHESTER, Frederick; KIMURA, Gaku?

VBB R, 2 EURE, 3 SRR, 4 R BB S A O 7 ISR, 5 T L— A VKR, 8 BT R, T SRR
SERZERT, & T F YA AGM K

'Hokkaido University?University of Tokyo,>Tsukuba University:JAMSTEC,?University of Bremen®Universita di Modena,
Tkyoto University®Texas A&M University

The rupture and slip of the 2011 Tohoku-oki earthquake (Mw9.0) propagated along the plate-boundary megathrust and cause
a huge tsunami. In order to elucidate the physical mechanisms responsible for such unexpectedly large slip of the fault, the IOD
Exp. 343, the Japan Trench Fast Drilling Project (JFAST) was carried out one year after the earthquake. It succeeded in recove
of material from the plate boundary shear zone. We have examined how mineralogical properties vary through a depth-sectio
including the plate boundary fault rock.

At the drill site (CO019E) where the large fault slip§0m) occurred, a plate boundary shear zone was identified around
820 mbsf. X-ray diffraction (XRD) analysis revealed that abundance of smectite is markedly higher within the fault (60?80
wt.%) than in the surrounding host rocks, suggesting the shear zone material had a low intrinsic friction coefficient. Laboratory
experiments on these materials demonstrated very low frictional state under various sliding conditions (Ujiie et al., 2013; Ikari et
al., submitted)

In comparison, we also examined the mineralogy of reference material recovered on the outer rise of the Japan Trench (Si
436) during DSDP Leg 56. XRD analyses on the continuous series of cores found a marked anomaly in smectite abundance
the topmost “5m section in the pelagic clay layer. Such a mineralogical feature compares well to that observed in the JFAS
cores, and the smectite-rich horizon in the incoming sediments is inferred to be the localized deformation zone (decollement
when it arrives at the Japan Trench.

F—T— K1 HARHE, A XY 2 A b RPEIER T, b
Keywords: Japan Tnrech, smectite, pelagic clay, Tohoku-oki earthquake
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Shock compression experiment of olivine- Part 3: pulverization occurred before frictional

melting

AN TERA 1 BR R 2 B RRSTE 2 R T S AR B 3 B Y
OBATA, Masaaki* ; MASHIMO, Tsutomif ; CHEN, Liliang? ; ANDO, Jun-ich? ; YAMAMOTO, Takash? ; UEDA, Tadamasa

LR R AR EBE AR, 2 BRARE) U Z ST —RUZEIISET, 3 JRB KA R EB Aok
!Graduate School of Science, Kyoto Universttystitute of Pulsed Power Science, Kumamoto UniverdiBraduate School of
Science, Hiroshima University

MBI R TR AR U T2 W (shear fracturdfii/@) oSl HE A Cuishia T OGRS BIH S K R & SUsiE D i
Ko THRET %, SElnil TOZHENE O 3 LIZME DNV R 2 IREEZLICHIN T 2 D LWV S T & IGHIEZOYIERAEH
Il e UCEBERWRHETH D, TOWEHFICDONTIETNE T, (1) frictional melting and lubrication, (2) thermal
pressurization, (3) flash heating and melting, (4) powder lubricatitU; Z N 5 DHA GO DM REEEINTE 2, TNET
Wi DB W EEBEREE D FLERAT ST I s IR EE AR 2 O TR EIR T H - 7o hy, TOHETIE, THEm] 135
SMCOHHEINTVEOT, WMEHOEEER (shear fracturinge D& DIZEHH S NS, YU ichirshn
HEEDNELAEA MPIZRS NS &0 S Halit§ili & & - 7z,

CNZHITET 27715 LT, BAER, FHCHESHIEZ SBICBWT, EREMCE D, Y2 T)VICBREMNIC i
[EfEz T % T & THIWEZH 572 I/ED LY > 7Lz Al U TG 2 81539 % LW 5 Bz 1> T ¥ 7z L
TR E T HEARAE R - MPREREE I ZE 2 > 2 — D — BN TH D, T OEEE TIIARFMADZAMM & T 1 X, RFUMAD
A¥—FR (172km/9 Za> ba—)Ld 3% &THATIVITE A LY T IVICERRBIIC 10730GPaD & ExE T % T
EMARETH B, FHERITIIKIRDA Y € Hih, (Fo94) 7z W Tz ASZERODMZERE Dl Ba g 1344 7km/s W13 1%
) 1km/s JERERFREIE 0.5~ A 7 O FE TH S, 753B T OFENHIP TIEIMBVERIC X 2 EE FREESNTED (B
BWEER), WEEREOMIC K > TdA ) EVOEEIE T 50, FERMEEEREZEIIL Uiz > 70 OIS % ¢ 2758
EE, SEM, TEMIC K > THIE LTz & TAEZL/TIICRIE U T A D AN ZE OB A FEE L TV 5 T &M
RO BNTe, HMEZ2Z T T4 ) € AR IEEIECFEE S % & I RFTICIIED S Th 5, IR 13 8T
A TARS TBO R FRTIEREIETNTWIRN T &h SHEFHERT Tl BEE R S WREENIIE C > TRV & HIET
X%, THUCHRLT, ~7ozsikm (iEm) (&> +— 7" THRA 0.5 mmDig b ZNiHFED5N5, SO &8
FUIFEELTVBD, FHUTINA TRATNCZBOR 7 57525 AR VIROYEMIE L TWE & AR - T,
L®X$//%%\% FIB TYIO L TEM BiE2Z21To7c e T4, WEMEHIRD K S GHRHHER LT3 T L

pak7z, —BAMOA U € 2 BEERERIE [001] 58 AMRNNEICHRIE L, HHHICIEH B S TSR N T WS, T DR
*ﬁiﬁh‘ REENE DR I o TWVE EEZ BNS, WiEIADSHMID 275 2 7 aVigD Yy — > Tldiiki 255k L
THO hiY 4 X 200-300 nm, EFHE2 270 VIEY =2 THET / A—Z2DOR0RAAZFHT T4 Y R 7h1%
Bt L, NiflizAd ) CUHBDO NI ANFIEL TV, XIMAA Y B Ofah Ao ZEicfE-> TR E S NN E
LTWAIGAE R TE S, TNHHTADIFEER, AV VNI h DRFCIARM LIzC LRT, ThbDA
VB UMRL I SR, 2T TRON EEMOIENESENER> THA T D, TOFY BRI AL
FOSEHLUIEED TRV ERGRTE 5, MmN & ERIEDEEICIR > TV T & 5 2AG b & 7SRl ST Wit
B Ko THRIZC EIERBEWVWRWD, T TEERC EIXTAERNCIT > TEHEMMEDFE LWL 57z & TH
60L#%Ch%@éfﬂhxﬁﬁ%kbfo5747B*&PO@%E%%@{LOK@&T%%OLh%@ﬁ%d@
ZRC K o TRAE UTEBEE DY > )V Z2 @i > TR L T o 7285 (Raikl) el ha clc > 285 e &
Z HMh, TTIT Reches and Dewers (2008)5 %8 & GIERERMNEA TE 2 L KL ITEZ %,

ARERTIRIIW R DMERIERIC K 2D TH S LWV I TRIROHEDIRN L 13 H x5 H, ZOMMOIRMIZ
L TH B EEZ D, TOMBIEY 2—REAFT A MO T O RADOHEEERTEDTH 5,

ik © Reches and Dewers (2005) Gouge formation by dynamic pulverization during erthquake rupture. EPSL 235, 361-374.
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High-velocity frictional behaviors of dolerite under controlled pore-water pressure

SR 1 S URA R B AR ok !
TOGO, Tetsuhiré* ; SHIMAMOTO, Toshihikd ; MA, Shenli ; YAO, Lu!

Lol ] Ry M BT W 22 T
lnstitute of Geology, China Earthquake Adiministration

IR O W D FEEREEN 2 IE T 5 72DIC, 2 204ERIC D Tz > THEADEEESR /T Dk FW e @ s EEE SR D 2 5%
TN, EHEEEK TIREE R 3 LhRENTWS (21X Di Toro et al., 2011 Nature) , iz, TETIEE
IKGA R TOERBEEBEE M DO (Bl Z1E Ujiie and Tsutsumi, 2010GRL; Faulkner et al., 2011GRL) . BN D185
T COEEEIER L IIRE L BEDZEHMAVRENTVEEDD, TNEDEKEM F TOERBFKTED S — LA Thbh
TOWIRWHEKSEIF TOERBRTH %, TDI28, thFAFFIT E DTN EEITHAET B0 N TOEEEEIII A S N
TEDLHT, WikEZ Y ba—)b U BEEGBRIE ORI 7 & BEEZEH OWENRD SN TV S,

Z T C. RERE D R EMEMZEAT OMGH - S BRGSO, MIS-233-1-76 I [E/1RaRZikiE L.
MIBRZKE R CEOE~ Dl B 2 i A T Do kBRI DF v /3y 7 ¢ — & LT, N8 15 mm 4488 40 mmO &
AR E I U728, iRER 35 MPaE Ta Y ha—)Lb &, AREEISHIIES T 9 MPa ZN0#EEIX 60 mmiAEN S
2mMETHARETH S, Fio, WEEZBEFEH LTS I0KNRNO—Y ) VR — (EKET 7F a2 T—5%—) H
5 100 KNJHED Y ¥ H—~ZH G NUE 1050 EREEIS 1 28T 2 ENAEETH 5,

AREOFERTIEHEILFEEEOAR R L T4 ML, AAKEE S LOBEEREEFONEZIT > Tz, FERSEM T
AEIEESS %7 0.13~1.07 MPa Z2#fE7% 1 mm/s 1cm/s 10cm/s 1 m/sICEZ TENTFNIEEITo 1z, Fiz, A
KITIEIK & R V2560 il 0 OFER 2 TOEERE| O Uik 211> Tz ERZ W2 TIiE 125 K% 1kN
ICRRE L, EEHNADE )17 0 MPah b 5 MPall £ TAZ % T I K> THMREIL N ZEZ THRBZIT> 12, /KM
WeSERTI, AAZHUKOHICIR UTZIREETRE L, SEERNAZ[EIRBRNICEAT 5 LI k> TRIREZINZ
Tzo TORZNAIFERTEOTHAL UTEH 720 Tal, FBHOFRAKTEZELICHT %/3y 77— U TEHKAET %,

REROFER, KEFIAE UTHW G, EHEE (<10 cm/s TIRREF BEERENE 0.4~0.8 DRIC 72 % DI Ht
UC. HEOBNE & BITHERLMEBIZEME R U 1 mis TIEEERZEIZ 0.3~05I1CK R 9 5 AL MC > T,
UL L7 5, DiToro et al. (2011 Nature) OFZIESEEORER L LS 2 & Endfaik (1 m/s) TIFEBRRED E <. 7K
DIFEIC K > TEREFHEDMIHIE NS EDPHL N &Kol Tz, BROFHSFDFHEERTIE Reches and Lockner (2010,
Nature) TR 5 N7z sub-seismidr# E I, (10~100 mm/s TOMER(L & A ORIHHIHE ICEHBNS, LHL
BNS ., — DB FDOIERTIE sub-seismidElK TOEEERLIZERD 5NT . TN E TOMIREM: TOEEERH) &
BARELBDERNMESNTZ, TOT &, BIBKE FTIREBEBOME IS HKSES R R TRL BE S 6EMNH 0,
ST KD ElE - BT OBUKSEM T TOBEBEBRAN IR L T BB N H %,

F—TU— B msEE RS, MIRUKE
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