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Vitrinite reflectance and Raman spectra of carbonaceous material as indicators of fric

tional heating on faults
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Wi B0 2 BEECR AR ORI, HENT XD OMEZHVEEHILZ R d & L &I, 1SENTRENEHRZ S &I
ERFOBEEIIZ kDS FTEETHS. E MU A MRS LT, R,) EIREMT IV AXRYT MU, HWEAROH -
TelmainE s REE 2 OMEREEE U TRHHENTE . cnbid, WE ERIC K > TREYDBK T 5 DIk
WV, R, WL, WREWS <V AR MIVBARKINCZE(LT B 2 L ZHVT W5, AT, R, EIREYT < AN
7 MIVHWIEIC 350 2 BEERBRREIC I D 152 DI ES L, il T 7 B R EEWE A S ERELL 728 1B A Vil
95 Wtoll FREY) 5 Wik IRE, BEEIERE TR oz, FEuE, SEENAFRE N THK « EKEMDE &, @ (1.3 m/s)
RS ER (SEBRINFRTAY O 7)) & A (0.15 mm/s)EEHESEER (SEBRINFRTAY 327) Z21175 - Tz, SEERtk, MASIGEEIZE, 20T
BRBEZEICK 20T VNRESEOR], R, JIE, REYOY A ZHE, TV Naizitkolz. TORE,
9D EIET RDICBWTREYMRE LR MO ERZ 5 L, R, EIREVMT <V AT MVIFIAKICZLT
5T ENHSMN RS T, — AT, KHT XD RFOIEF I/ NS RE ER EMPOIR T, R, LIREYT < AT
MVEZE(E Lotz DFED, WEICBIT % R, EIREY T2 AT MIVELIX, BERAOIRELE KO ES. —)7
T, MRHWENTEZR, RREY TV AT MVOREIRERNS, WilEICI) 2 BEERERERT & UTIZEREAH
TERNWTEDWHLE R STz, WiEICBU 2 BEEREVEERT 2R T 7201, Sl N0 RO SUsNE & ko
REEZEBUTZHTE R IA T 4 JATTIVORENRETH 5.

F—TU— R BEEFHE, C R F o FRAPR, S AT BV, A, FEEIER
Keywords: frictional heating, vitrinite reflectance, Raman spectra, carbonaceous material, friction experiments

1/1



Japan Geoscience Union Meeting 2015 /0 <9 ’

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

S$SS29-02 £35:A05 FFRE:5 H 24 H 12:15-12:30

REPI DB RIC K B WiE AT 2 Bk

Blackening of fault gouge by pyrolysis of carbonaceous mineral

SR feth R P
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MBS X DI K > THIE TIREEESEREA L SRV O A U, HB R OYIBME AER 2R THE A OB E N
%. WiEA D IIRHCRA 7Rt (A ~ Bk ~ Bk ~ IR~ RE) 22920, FHCHERSICHEEL T2 B DIRIK ~ R
THBHTLENZY. LHOLKIEAY POBICBET 2L X 0ITONTESY, BEELHCEEHEA L VST RD
NG A=ZEDBRMELAHTHS. LI > TR T, HBESEFEOWEA Y 2 RE(LDOFEEICDOWTIRS XL,
Kit8) (EEV O A b)) LaK (BHEH) ZIRAS BTV TINCDONWTEIRERIR LM I VERZ R/ L, 7]
e I - TR O T 21T o 7. TORER, EBREIOARSHBRNZ VI EERIREZROY V7 IVdHR
L THY, XM LIYMORMNS I G- DY RSNz, DLEZEEST D &, BEEFENC K > TRE
WO ESIEIEST U, B /T AWK 7 ORmIC kg L, Befezg| kI LizEEABNS. £oT, KA
D RAKE AT P 300 CLLEDERZFE TV B ARENDN D % .
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Characteristics of frictional heating related thermal maturation of CM: Raman analysis of
CM in the fault rocks
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HUEEIRF OO W7 T C D B R BVE R ORI, HIEEDOWE O BB LU AN A LOHRIC BN TS TEETHS. I
E, WBEITTEE) U 72 W8 O BRI R BB R ORI T & UTIREY T < VIREERT 2 Wi B R D I I % it A b
TENhODH 5.

AWFETIX, WFE | 2.5-5.5 km TR E i b A BRI (WEFE ST ALY Y b AT =T VA RS
AR, MWET 1-4 km TR E NIz KBIGEHTE (ERREETLRERD, 1999 FASEEMETISE LT o)Ly THiE
D 3DODOWiIEZ WG, WilgETICHEEN S REY B X CERBEIMBVLEZ it U 7zWi ot ORFSE I E £ N5 REY O
TRV RR R L, WiEEEEREAD X 5 InBREINEANCHE S IREV D T 2 AT MIVOZELIC DWW TNz, F
7TNBEDART MIVDZERE, WERIERICIES IREIOBRARICEB T 2TV AT MIVOZ{LE DLt E 1T 7z

Wi BRI EAD X 5 I B O MR L, BERERNCIE S IREVI DB & T, TV AXRT MIVOZkDMTS, T
O BREAYID N FREGEDZLDH T EEZ T ENHLME Aoz, DT LR, EEMFEENDDOH L REMD S
< HEIR T2 Wi th O BB ) D BEESRENRE ORI IS TE RN & 2R LTV 5.

AFRETIE, WIEBEEHREAD X 5 TR OWENC X2 KB D T 2 AT FVOFICDOWTHINT 5. £z, Wi
JE ST DR DOBEEFEAL NV RS % /515 L UT, WiERSThICEENSREY 2 NHE L LT, ZOREYD
IENEER 21T 5 HIERIERT . AL IERESHREY DS <V ARY FMIVOZ(t 2 E'ICEHMEid s 2 Lick b, #r
JEEEEFREL NIV ZFHICE 2 EEZ BN 5.
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Changes in carbonaceous materials from the fault rock detected by IR-Raman spectrt
scopies and Py-GC/MS

FERF H7EH b HH OB L
HIRONO, Tetsurd* ; YABUTA, Hikaru!

LORBROK « B« S HERRL 7
! Department of Earth and Space Science, Graduate School of Science, Osaka University

To understand the mechanism of fault lubrication during the 1999 Taiwan Chi-Chi earthquake, we developed a new temperatur
proxy for carbonaceous materials by using infrared and Raman spectroscopies together with heating and friction experiment
We found marked anomalies in the infrared and Raman spectra of carbonaceous materials retrieved from the primary slip zone
the earthquake: the infrared spectra exhibited very weak aliphatic CH2 and CH3 peaks and aromatic C=C absorbance peaks, &
the Raman spectra exhibited very weak disordered and graphitic bands and a high ratio of disordered band area to graphitic ba
area. Those weak peaks and bands and the band area ratio were reproduced by heating carbonaceous materials from the ne
host rock to 700 C. These results suggest that the frictional heat in the slip zone reached approximately 700 C. We characteriz
the host rock carbonaceous materials by means of elemental analysis, pyrolysis?gas chromatography?mass spectrometry, -
simultaneous thermogravimetry?differential scanning calorimetry and found that the H/C and O/C ratios were 0.108 and 0.400
respectively (which are close to the ratios for lignin) and that the volatile fraction was as high as 48 wt %. The pyrolysates ob-
tained by heating from 100 to 400 C were dominated by phenols, fatty alcohols, and n-alkanes. When the residue from pyrolysi
at 100?400 C was rapidly heated to 700 C, the resulting pyrolysate was dominated by phenols, aromatic compounds, heterocyc
compounds, and n-alkenes. This information suggests that changes in the infrared and Raman spectra with increasing temperat
may have been due to decomposition and aromatization reactions during pyrolysis. Rapid heating during earthquake slip me
promote reactions of carbonaceous materials that are different from the reactions that occur during long-term metamorphism.

= R BRI, A TRk
Keywords: carbonaceous material, IR spectroscopy, Raman spectroscopy
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Effects of morphology of minerals and adsorbed water on the friction in faults

NI T ey WEE 25 Al R 3 RIS T 5 IR BGE
SAKUMA, Hiroshi'* ; KAWAI, Kenji 2 ; KATAYAMA, Ikuo # ; SUEHARA, Shigerti ; TAMURA, Kenji'
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G SRV OB, HERICBE U ZKE N0 0G0 2R d 2 L THEETH S, AW TIIMIEDRAKER
BEICERT %, 2L OEA « OB KREEZEIZ 0.670.80HIFHICH 5 C EHMBNTWVS [1], LA LENSER) -
RIS BIN NSNS T KRR (0.170.8 Z/RU [1]. W/ KOsz is < %203 % [2], Wi =Rk « K00
VIDFES 25 E 055720, TNHDOER « M LIED R S REBREZ R U, W& /KOF B 28 2T % Dh 72
LZREND B,

CNETEIRDER} - K LIV OREEGRHOBENIZ, EE G V¥ — (interlayer bonding energy, ILBE & fHEY
MHBEEZLNTVI[2,3, LAMLAENS, XEIDORFUIHFEGRDHNTE O AliwmH TRV [4], AL T,
REZER - K HHEYICBILU T ILBE 25— FEE IR AN 58I L, COIRROZLYMEZIREET 5, R 7o HASA
DHERE W B XY EERN S, *ﬁEEODEIEElfDHE:U)@“’\DEfJ‘(OOl)LUEéElﬂ‘a“%fJ\LJ)b\’C% 9%,

CNEX TSI ORI XD TN S, T MEOWFEIKDEE T NDICKE LT E G A5 LEALNTED,
Morrow et al. (2000) [2V0 i < DFEYIFIARICES U TR EEREUCHT T 2 g KO 2 ER L TWb, LM LAEDNS,
BRI KDIFE R R LD, Z DR RN IR I W KIS L) TS DK TH Y |
EHE 1M TH %, TOXKD ENEKOYIMER., SRR OREBIMATT %, AIETIE. AIERERHICHET 21
IKOFMZZEA BT LK D WEKDERAREE R B2 52 2 BT 2 e 2HIE UTze W&k
e 72 B IREER R BRI L 7z [5].

DL EOwigss Rz € L1, ERE - K LI O R KBRS BIE T 2 BN Zi#GR T %

References

[1] Byerlee, J. (1978Pure Appl. Geophysl16, 615-626.

[2] Morrow et al. (2000)Geophys. Res. Let7, 815-818.

[3] Moore, D.E. and Lockner, D.A. (2004) Geophys. Res.: Solid Eari®9B03401.
[4] Behnsen, J. and Faulkner, D.R. (201R2)Struct. Geol42, 49-61.

[5] H. Sakuma (2013)y. Geophys. Res.: Solid Earii86066-6075.

F—T— R BREEES T RVF—, REEERGRE, KLY, E26E, /K

Keywords: Interlayer bonding energy, maximum friction coefficient, clay minerals, mica, water

1/1



Japan Geoscience Union Meeting 2015 /0 d ;,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SSS29-06 £35:A05 FFR9:5 A 24 H 15:00-15:15

F v — FHOWEICET S AT IVBDIEHGER
Formation process of a silica gel layer along a fault in chert

BRIHA T =5t
TSUTSUMI, Akito'* ; MIYAKE, Akira !

U HERREER AR E IR

LGraduate School of Science, Kyoto University

Previous experimental studies have demonstrated that fault weakening in siliceous material occurred at relatively low slig
velocities (V>0.01 mm/s) [Goldsby and Tullis, 2002; Di Toro et al., 2004; Hayashi and Tsutsumi, 2010], under which conditions
transformation reactions (e.g., melting, decomposition, etc) are unable to proceed because of low temperatures. Formation
a silica gel (hydrated amorphous silica) layer within a siliceous rock has been suggested for a possible cause of the weakenir
behavior [Goldsby and Tullis, 2002]. However, there exists only limited information on the frictionally generated material on
faults in quartz-rocks. To get a better understanding of fault zone process in siliceous material, we have performed intermediate
velocity friction experiments on chert samples and have performed transmission electron microscope (TEM) studies of the faul
surface material.

Friction experiments were performed on chert at intermediate velocity (V = 104 mm/s) and at low normal stress of 1.5 MPa. As
has been reported preliminary in Hayashi and Tsutsumi (2010), fault weakening in chert samples occurred in association with th
formation of a 0.1-mm-thick fault gouge layer. SEM observations on the fault surfaces revealed that the fault surfaces consiste
of smooth and rough parts, with the smooth parts probably corresponding to the area with vitreous luster. On the smooth part ¢
the surfaces, rod-shaped particles ( 1 tan® long with a diameter of0.5 um), aligned perpendicular to the sliding direction,
probably indicating that they were rolled during the experiment [Hayashi and Tsutsumi, 2010]. These particles have been terme
“rolls”.

The samples for TEM studies were prepared with an application of a focused ion beam (FIB) system. Cross-sections of thi
fault surface were prepared so that rolls and the substrata interface could be observed using TEM. During the preparation, w
paid attention to the cutting direction; rolls were cut perpendicular to their long axes. TEM observations revealed the following
characteristics of the experimentally generated fault surface material in chert: (1) the smooth fault surface consist of severe
hundred-nm-thick amorphous silica layer. (2) Rolls exist on the smooth fault surface and are in contact with the amorphous silic:
layer. (3) Rolls are made of amorphous silica. The result from TEM observation implies that the rolls observed on the smoott
fault surface are formed via a process of consuming the thin amorphous silica layer.

Hayashi and Tsutsumi (2010) showed that the fault gouge consists of a mixture of hydrated amorphous silica and quartz grain
The thin, several hundred-nm-thick amorphous silica layer formed on the fault surface would be a likely candidate for the source
of the hydrated amorphous gouge material (silica gel layer).
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Experimental study on frictional properties of biogenic sediments entering the Costa Rice
subduction zone
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T L— FMEAAFRFICEBNT, BERHERIZ TS, Z0—AV v YA L MlER R L R 2 A T ORZENEN X
NTWs. 7L— MERWEEOBEEREL, COXSHHELETNDEENCKEFEETZLEZSNTV S (Bilek
and Lay 1998% &). ¥T4E, R b o 7 OREEHERIC DWW TIIWIZENEER, Z OB ENHS MR- TE
(Brown etal. 20035 £). LA L, MiTBEHREYILANDIRFHIAFH DT L— b EERETEYIE OBEEREIXIE & A EIHS
I35 TV, AL T, RO HIRIC /749 2 A YEHERICE B L, 2 X2 ) AiodeKiEEIc S
IAENBZHE - AIKERIEOBEEREZIHSMNCT 2 2 &2 HNE LItz 1> 72

CNETOMIT, HY - AREREE, KHEMREY) & 3R AZ RO K S AR 2R T LIS MTES
TE72:00.6-0.82 W9 BWVEBREBOEHMZRT. 00.0028—0.28 mm/IDIEEE TR A OEEKFEE%, 0.28
—2.8 mm/sDHEEI TIEDEREHKFENEZ2/RT. ODK SIS, BEENADTND HERFEE 2RI &V Filld, HE -4
IREHE T OWT 7 THT 5 3TN BARLETNRD LB a[REM %2R/ L TH O EETH S (Namiki et al. 2014)

DK D TR S BN 2 RS BK 2R S 7, B - ARKEIEDHK DGR Th S IERE TV Az v
Te BB 1T S T ik iz, T T TIE, RIRGARITMORZELEY OB OEMTIR BT 5728, BUIC KD
HY - GIKEWIET DAY A R FREST 2 & TIERE Y Azl L, EEaRE Uk, JERES VU HIZLLU RO
R 2R U 0BKZ 0.6 LWV BWVEBROEREZ/RS. 10.0028—2.8 mm/sDik E I T EEE M B DM E A7 72
R OFT RO R T TREOBEEISEICHENT, HEDEWE D DMK E L3 LWV mhEE « (IREKE &
L TWS. LHL, #EXT Y TREOE—7I13 5.

FEIDOFERKL D, JEREETD HIFEE - AIKERIRIST WV EERE 2 RS T ENHS MR o Fo. RO ERTE
HICDWT, HE - ARKEIIEDE mm/s TIEDOB SRS 2R D, JEWHET VA E ALY A FOREBICKBHET
HBLEZENS.

EEE - AKEIEDOFERZ OB IE, HES K UAREREYHROIEFRRE D E MR & WV o e 2T RRE D R
SNz, IO ORAHIE AL, WiETHRIKRICHE > TEBMEDN L TWa. Thid, Ikarietal (2011)CETIVAVR
TNTVBIEDM AR R I Wi ORSEICELI L T 5d. BIZEL 72013 0.28—2.8 mm/sDigE i IC W CIED @&
WEE R R U cH D, HITge e FfE Lsw.
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Verification of unstable frictional behavior for smectite as elevated temperature
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[1& Uhic] o IEHE R A s & g s B4y & OB U HIEERE EIR (updip limit) & PREN., HEgRAEICED S 7%
E MROBRMNOHEETH S, ThAAATICIT 2 HEFR RO FIRFIZEEICLT?1I50CETTRIS LENTV
%o HUBFERI O LRRZRD T2 ERIGFHHD 2 DY, ZDOHO—DITH HERYIOBKIC K O KELOWE A~ YrEH
Bt % Lic k> THEBUDOT L— b LihdATHEE T L— b EaE S8 21%E) 2 Rz L, IIBEEOZET RO NS
HEMDARLETRXONE TN EFH 2L EE 2 T EDERTIERONE VI END D, ILHIAPRTFORES THEHE
NBEADE - & & EESANEIE 100?200CO TR B2 AA T XA -1 54 MAEB TH S, AA T ZA MIH
PEDEWEYI & UTHIS N, KICEIR U 72 BREE T CLdARIDH 8 fi51C 72 %, Marone and Scholz (1988%7Kkic fifil L AR [E
{LDWE A7 WD TOIEERAEICER L TS T EE2RE L TED, kari et al. (2007)Cl3ks HEEMO RIS
EENDIKDBEEOHEERIFHERREICH B 525 T MG L TW5, SfTHige Tl RIS E £ N2 KDIFEIC X
DLETND ZRT T DTSN, BUKDEE T 2 X 5 GRIEROERIZITONTE ST, XKWz X TOD
RO T ED X 5 ICALE R EEEEINGER LT L O EFHRTZE DIF R,

Z TCARBIL T, FHRIFFORS T HRY) O J& /K DK DS BEERFEIC 5 2 2 52872 X, K TSR O Bk A =MD 97X
D DOZEE 2R LHIEBRAERDO LR X200 E S W EiEm LTz,

[SEERTE] il iR GRS 2 O T, AR ORI Y E 2 — DDA 7 a7 1y 7 ORICIE E BEERERZ1TS
double-direct shear Wb N5 Fikx & o7z, BEWTEYIEICH W /50N B LS ORI S ED S ERELE 117z Ca-smectite
T, FEIGFMERTMH LR Y 7 THIE LA S INEE DI TV E 60MPad—E R E)S ) F CHREZRIT- 12, $HES
i\ (BIWrTH) OIMEFE—R—FT7 VAT LERAVTED, F7 VAT LIS X O BER 73R EE L Tos X 7z (3]s E 5
%, R=)V 2 V% O TRE S OEEEINC AT % T & Tl Lz, ShiE/SHOZNEEX 0.4 p misICRGEL, B
B FRCOME R —E IR D, IREIE 1 °C/min. O—E#EE K U 10 °C/min. O—EEE O 2 FEFHOME THIR S &, 7
e EBITER T ZEBEEEHOLbZE=42Y) v F L,

5, Z22] @RI ET % £ CTabklE © O Z BRI > e E W 21TV, CHIREBICE LI L A THIER
Bdh U Tz (RIRD SRS/ 2 1CHE> T, BRI 3 DDMEIC I S NBZ BB R R Uiz, 1. BEEEENDT 5
5, 2. BEESRED LR B8, 3. FENR AT 4 v 7-A ) v T (RLETND) DRI NLHHD 3D TH B, 1. FE
POREN AT 5 s O T ERICAFAE T 2 /KDIET 5 C LI K > THY VOB DS GG X D FESAIC B
HEEPNRAD LD TR R0 EEZEND, 2. BEESRED FH3 2 MO TR O/KNRFE LisahiEd ko e
TLIREZDTREVNEEZEND, 3. DFEETIHIRED LRIV, FtR AT 1 v 7-AV v y T OXEH) 8152
L 7243, Rabinowicz (1956)C/RE N2 9§ XD DANLESM 2Tz T LIS K > T, IO DORLEFI T T EAATRET
W, B AT 4 v 7-A 0w TR ¥ AT LEBEEN ST RO HEE 2R E RN RSN EWVHISN TV,
AREERTIEA LA ROy TS NEEFEEBEHMNRET 5 C LA FICBINZC &0 5, @i CHE MDA
BB LILEZ2 BN, UEDOT EH5, WEYWE, TITKTIYITIREN G 2 % BEBIIKE L TR O 5 RLE
EREDNEEBR T TOE, XRARICEMICIFEET 2K EEFHEICG A 20BN RENVEEZIDND,

F—T— F: FREEIER, (R AABTHIC BT ZHEERER D LR, A X7 XA b —A A MHEER, K351 O B,
FERFIEIC 5 2 B IREIR, BERRFIEIC 5 R 2 IR DR R

Keywords: frictional experiments under rising temperature, the updip limit along subducting plate, smectite-illite transformation,
frictional property for clays, the effect of temperature, the effect of interlayer water
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Frictional heating causes high-velocity weakening of gouge; inference from specimen:
with different thermal conductivity

EA FI[E£ 1 ; Yao Lu' ; Ma Shenglt ; Niemeijer André
SHIMAMOTO, Toshihikd* ; YAO, Lu! ; MA, Shenglt ; NIEMEIJER, André

U [ R U ETRSEAT, 2 L b L b b OREHIER R
Hnstitute of Geology, China Earthquake AdministratidBgpartment of Earth Sciences, Utrecht University

Wil A3 O ER TR BRI BEERRE N E LRI 2K E LT, (1) BEEMEIC X 21RE LA, (2) M AilEng
(powder lubrication, (3) &'V A7 NIZEDFEDIEK, EEMEBENTE /. AV IO RAMRRELTE
OEF S HZBRTIE, BERIXXOBOHYYDREREZ S T-DIiE, TXOEE - |EIGREDEZ Z0ENH >
. LA LZFNCES THY YDEEEHEEZ D> T LE S REMEDND D, BEEFREIC X 21E EROME R T %
TENHU o, SEHTIE, BASZBREREZEDRA MREZMS C LIiIc K> TRIUHEEE « |EIGH FTHYID
AV T« V=V HDIREREZ 2 EMNARETH D, TG RISEEFEN T Y D D@ bIic B W TEETH S C
bt AV A

EH R ER Tl A A ORI BWIEIC X > T 100D LICHAD LT LE S 28I, BMPall FOEEISH FTH
SRR 5 T LIFHE LW CRARREIDBHIE LT L S). SaE7IVI Y LETHMRT % & 30MPaffE D FEE G
IR CHERZET % T EHATRETED, BB DOBEEE TZIZVABOEEN IV ->TL . HALIE, K0 Ed BRI & 12
NICHEET 2 728DY 2 T )U « BIVOBREHR L TWED, Sa& X EXEET52ME%ERDIF S T EHHET
Hotz. HEFHD AN K> T TIAV B8P ELIOEVERERZE DT EZRVWEINEZDT, BMEERDEZSY)
BHTHRXNREZED, BEMLUKEA Y Y (HongkoufZBE SN £ 54 b 47% F9541% AAVZA L 3%, /1A
UFA b 3%, HREfT 2%) Zfdio TEEERE 2 LS % C i Uiz, BRI P E R E 5 U RFZE AR 0O [l s s~
RS LT, 0.5,1.0, 2.1 m/TRD#EEE, 1 MPaDEHEGH FTHE A>T, RARREELTE, A
70 GMEER 3.3WmMK), TIAV &4 (A 5.8W/mK, 27> L A8 ([F 15 WimK), B ([ 123 WimK) & Huiz.
ZORER, BMLEEDERNAT 0L TIAV 5813E LT RO §3{bERT DI L TERKIXKIZEA ETRD §{bERE
9, AT VL AMEFNS OHREEREEIERTC END ST A AR OEERIES XU COMSOLEIC L %6
FREZEERITIC K > T, TNHDABHEOFRA PR EH WS LIck>T, WMIPESOH YDA v T « ) —2 T
13 90H 5 300°CISWN 2 2 HIIREMER TE T ehvbh o . HER TRFOBEEREIT FEIRED FRICE 8455 T
0.65M 55 0.1ICRMMNCTRDT B T EAHIH U2, T ORERGERIKEE ERDPAEMCH Y P omdisgtz s 7259
FTEETHZS T LERLTWVS. MAREE TIIEREZHHTE AV, HLIZHE X Nz flash heatind®li (Rice, 2006,
JGR; Noda, 2008, JGR; Proctor et al., 2014, JGR; Platt et al., 2014) ABBERFE R D LR A IBD T WS, Fiz, TIAV &
SREEEROY Y TIV « BIVEEBRMBIE UTEZETHB.

F—U— R WA D, WiE OB, Wi O dndes (L, s R

Keywords: fault gouge, friction of fault, high-velocity weakening of fault, high-velocity friction experiments
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Thin share localization in matured mylonitic rock
Thin share localization in matured mylonitic rock

kG Ik I ; van den Ende Martifh; Niemeijer André ; Spiers Chrig
TAKAHASHI, Miki * ; VAN DEN ENDE, Martijn? ; NIEMEIJER, André ; SPIERS, Chrié

L pERSpEITE - A LRFZEEEY, 2HPT Lab., Faculty of Geosciences, Utrecht University
HVGE, GSJ, AIST2HPT Lab., Faculty of Geosciences, Utrecht University

Textures of deformation in fault rock are the results from every history of deformation they had been conducted, and the texture
correspond to these deformation conditions, such as pressure, temperature and strainrate. In nature, deformation mechanisn
earthquake preparation (aseismic) stage is of ductile forming the mylonite. Therefore, to reproduce more realistic fault behavio
at the brittle-ductile transition regime, we carried out large jump experiment in the sliding velocity on brine saturated halite (80
wt.%) - muscovite (20 wt.%) mixed gouges after making the mature mylonitic texture in the gouges, using a rotary shear testinc
machine set at Utrecht University, Netherlands.

In mylonite, one of the fault rocks formed under ductile deformation condition (high temperature and low strainrate), we often
found narrow strain localized zones, such as pseudtakylite with mm-scale of width. Our question from the nature is how to
generate the strain localization in the mylonite, in order to know how deformation style changed from ductile (aseismic) to brittle
(coseismic). Here we experimentally investigated the strain localization process in rocks having ductile, matured mylonitic
structure. We carried out rotary shear experiments on brine saturated halite - muscovite mixed gouges (5 g in weight, c.a.
mm in thickness) under 5 MPa in normal stress, room-temperature and various strainratexf@m Sec! to 0.1 sec')
conditions, which were well-known analog of the fault rock consisting of quartz and phyllosilicate (e.g., Bos and Spiers, 2002;
Niemeijer and Spiers, 2006). Additionally, deformation features on the mixed gouges were well-known to show very various
on both the strength and the texture, depending on the stranirate. At lower strairtal®(> sec!), the deformation feature
was characterized by velocity-strenghtening and mylonitic texture. On the other hand, at higher stralwife{ sec™!), that
showed velocity-weakening and chaotic texture.

In our experiments, we gave a large jump in sliding velocity after forming matured mylonitic texture on the mixed gouge. That
large jump of 2.5- or 3.5-digit increases in the sliding velocity simulated earthquake nucleation or propagation in the mylonite.
Microstructural observations on the experimental products indicated possible evidences of the strain localization caused by tf
high-speed rotation. The strain localization occurred only gtrhOzone near a boundary surface of the ring shear. In that thin
localized zone, grains of halite were crushed. Except the thin localized zone, the mylonitic texture has been completely remaine
It was similar to the natural mylonite associated with narrow zones of the pseudtacylite.

We also measured changes in frictional strength after the velocity jump, showing abnormally large increase in the strength &
instantaneous response and some delay to start evolutionally-weakening in the strength. It means that the rate and state fricti
law (RSF law) could not hold for a case changing the deformation style from the ductile to the brittle.

The strainrate during long term aseismic period is very low. Therefore domestic texture controlling mechanical behavior in a
seismic-aseismic cycle is “mylonite” at the brittle-ductile transition regime. We revealed, in this experiment, that the matured
mylonite texture never be completely broken (not chaotic), but localizes the deformation in one or several narrow shear zones
earthquake nucleation or rupture propagation. This feature is consistent with the natural observation, narrow pseudtakylite zone
developed in the mylonite. The mechanical behavior of the mylonite at the earthquake would not obey the RSF law.
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> alBRIC & B ity . . . , :
Viscoelasticity of the Nankai accretionary prism: Indentation test on sediments from
NanTroSEIZE Expedition 348

Jeky BASE AR K& 2 LS 5L 3 e SLrE 4
KITAMURA, Manami!* : SONE, Hirok? : KITAJIMA, Hiroko? ; HIROSE, Takehird

VIRERFR LG AISRHIERER R & A7 I, 2 R A HIBREP 2 > 2 —, 3 T35 2 AGM K27, 4 BHEITSL i s
BN R 2 7 ST

I'Hiroshima University?German Research Centre for Geoscient@spartment of Geology and Geophysics, Texas A&M Uni-
versity,*JAMSTEC/Kochi

EAABFHEE DR T 2 AR S 2 HEREY) O RS ERZENE, 7 L— FERB XM IMANET TOED
T AL F—DEREFEEHE L TV [REENH . IODP NanTroSIEZES 348 XWFZefiiiE Cl&, HIEE T A ¥—
i fL Site CO002Z BT, AREFHERE N U F D REBICATIE 9 % HT A AL DWW CHig ST  3058m (DL, mbsh %
THHNCEIN U, Hy T ¢ 7 AR E a7 iR BRIE Nz, AEIZE TR, AffiiEL DS NIzl y 7 ¢ V7 Ak
Rz HWT, i IAOHEREY) ORI MEE (S 1B AR « SR « BRG] « ISTTRRIREES) DR T
2kmich iz > CHEMICED X S ICEILT 2D E A VT VT — 3 Vb 5Nz,

AT UT—a ViR, ERAmmOY T 7 A7 OERIKE 2 VT, #8iansEidmE 0.5N, AMEIX 180N & L
T, iERE, =i - K&GHE RIcBWT, A THK TR E 8123 RN DWW THIKSGE: F el T ko 7. itkHE, SiteC0002
IZFW\ T 870mbsf~3058 mbstCii b Nz /1y 7« 7 XA O 5, [EfE LTz & DD HZHLY Hi L7z hand-picked intact
cuttingsitBl 7z iV 7z, GBROASH, Site CO002C 351 %Y > 7 3#KIE, 870mbsf~2000mbsfc 3T 0.1GPah 5 1.5GPa
FREETHINL, Z01% 3000mbsfk T 1.5GPaAEE L IZIFMHENED SRNT EMHLMC KTz, B 5N fmE—
HZZATHERR K D, HEREYIE 1200mbsHEE £ TIEBRRICTIDE MPafEfE Tdh D IENE X823 2 DI L, #E<%k5
DN TRERIESTHY 3000mbstTid 40MPafEfE E CHEMIL, 2000mbsBAiE TIEREIRE DOREIC L > TEE LS IEE R A
BRI N, MBRTES WK TlE 60%rR"3 H DN, <L &R%I1ICDNT 1500-2000mbsfcid 30 %F2EE, 3000mbsftid
18%ETHWAT BT D, NEEHEHOZLIIEICHBYIOTEHRICLZEDTHSEEZDND. TDX D HJIZENE
BiE, mEE A TR lkmh S 2km ORI, UMM ER RN EET 2 HEMZ R LT\ 5. mMifiEEDEH
&, TOXIGHTE 2km LIEDOE TEREI N TS EA 5N 5.

F—T— R REEE, (STIA, 4 27 27— 3 VEAER, IODP, 5 348 R FEfiE
Keywords: Viscoelasticity, accretionary prism, Indentation, IODP, Expedition 348
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N KT B3I 380 2 22 T & o 1B _
Crutstal deformation and stress accumulation process in and around the Atotsugawa fat
system

= B—ER 1
TAKADA, Youichiro*

L LU EB ST
I Disaster Prevention Research Institute, Kyoto University

B 1| e B« | LRI 72 2 B R LIS TR C L BHRR ISR oW i I K O < SR DOXSR L 755
TW3, FMEEEKE TIrbnle (HAVRITHhNTWVS) 2 DOKBBEABHI VoY 27 Mcib->TW05, —
DIiF 2004405 20084E % TIrbN I KEES R OMNIEBRNTH %, FNIT DT =25 AN ALMEIEL, 7
NSZHOTNIIGEEZOEBANZALZHEL TV, &5 —D20 71y x 7 M. GNSSHEIH & INSAR ik 7z
M % e, CORBOMERMRZETZEHMNCIZ S EEZHIETEDTH S, b 2DO07aY 7 MMIFELT
HEORZZMMHE R TVE KD TOT, FZZOMEITEE, —fRIC, JSIGIZEWRE R 7 —)L O WifEEsh 0 &k
WX TIERENEDICH L, GNSS® INSAR THEZ 5N 2N HHE K O O A7 — )L OWiE TN b OGN %
KW 205 Thsd, LML, MAZEET L, T 95 L2z RZNEE S 2 — 2 & KD EWVKHE R 7 —)L Ol
FOERFEONCITTRNMABED D 5 T ENHIENT WS, £ T, ARETE., FTRNERERZHIHT % L 5 A
ETFINVEIER L. TN E GNSS® INSAR 7 —X & DFEEY: & P I sz i#im LT \0o FALZBREE) 7= O i guihs &
DEOER . BER ORISR AL (B« 37D ISR U TIRDEBNTWS EGE L, Mt T « Aar—y g >
ETNUDBIGHEE Uz, ZORR. oA 2= 3 U 6B 5N ORI X — FVOTXRDENT
SIATE ST EMHLMICIE 5Tz, — 7. ALOS/IPALSAR % W 72 INSAR RERFENT OFE R %2 GNSST— X THllIE L7z
R, FENELEICEEENER L TWA T EERLTED., BFMICIEMET TV EEEN TRV, LML, T
PSS 2 153 GNSST— X THIIE LIS TH O . ASKRIZE & DTGz ik L Th S RERAINT 2115 72
MRTEIMA Z20ENDH S, T LTELNIZRIOBEICONT, BTV EDREEGEZMGT %,

F—TU— R R WE, 157185, GNSS, T a B L — 2 —
Keywords: Atotsugawa Fault, Stress Field, GNSS, INSAR
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201 LAE B bHE 7 AR EE O F B E R DO EREE/KIEDO R

An abrupt seafloor water- temperature increase in the eplcentral region of the 2011 Tohok
earthquake

it Kt 1 ; Dl 222 2 ; Saffer Demiad ; HE 52K 4
INAZU, Daisuké* ; ITO, Yoshihird ; SAFFER, Demiah ; HINO, Ryota

VERRURE, 2 R, 3 RS )VNZ TNV R, 4 AR
1The University of Tokyo2Kyoto University,>The Pennsylvania State Universitflohoku University

HEHEERHC B E LICBWTRIETE I 8 MTRHIIE N T Wiz, T 5 DKL FHTIEEHIOMREHED 7D
DIREFHNEE N TV 5, ZORMERERIINERE GEE/KIE IS/ L. 10-200FEOENRHTIRE L TED., i
JEIKIRD KW proxy & U TR %, miEIOEERETIELA DO &2 Uiz (FREtEh 2014 IpGU, HALHIEEDFE
EMHHIRERE L TAH S, IS 3000-6000mKiED 2 BHALIC BN T, IIEFRHCHEE/KIRD LA Uik, T HICE
RERIANF T 0.1° CER Uz, CTOEBEIIES EE 1I0HIFEMEL TV, ZNXDIKEDR N E T AT, [AkkRR
WIFFHIE N oz, S, ZOREREZHIHT %Y VIV HERYYA T 7 ) 2 EZR LTz, £, 2 A TIRE LA
LizC eh s, KM E R S % & 4410716 TH o 2o E HICHEFHMN I TRE FR LI ENET Ty
7 A& 2x10°12)IsTH > Tz TNHEDOFFIE. 7' L— MEKET X < 5N % hydrothermal vent systei 3517 % mega
plume UEFRIEA) EFEALIL TWB DT, Lz &k 5 HBERINIISEAE C - 72 £ Z . hydrothermal plume modelWilcock
1997 JGR Z Y Tid® 7z, T T T, HILMHIEIC B 2 0 WifE 7z 2405 (Tsujietal. 2013 EPSL & L CET/UEL Tz,
% L BOE I TOWRBEN 200°C & BEEE 5Nz, Z LT, HIbitiEED 7' L — MEROMERTR D 2R E/ T
A—2 b F BEEE (Kano etal. 2006 GRL Z#AJR & T 2 BIRILENET NV 2 Y TidH 5 &, MIKICIHT % 200 CH HE
BT E %, JFASTIC X % 7 L— MEROEEEEHANC LD < Bt iR EE 2L (Fulton et al. 2013 Scienge
THE A, T DOBEEEAD NI E 2 n-> THEICTR LIz & & A T,

F—T— R R HE, B, KR

Keywords: Tohoku earthquake, seafloor, water temperature
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H118 5z i U 7e RIS EBIE R £ 7 )V 2 2 L—2 g v
Large-scale earthquake cycle simulations with Hierarchical Matrices Method

Ry il 1 P A
OHTANI, Makiko'* ; HIRAHARA, Kazuro'

VHOR - B
1Sci., Kyoto University

AR, HEST - GPS(Global Positioning SysteillfdDFEEIC K O . LArAFR T L— MERTIFERHIEDR A0 — X
Vo TGRS A — VDT RO ELTNE T N> TE, Thbid T L— MR ET®BIcy
HLTHED, EVISHEEENRIFLE> TWVWEH EEZBNS, HlZ1F Ariyoshi et al. (2014)ClE, ®illE b T 7 ZRE L, &
B« PR R EE ORI D ERHIEE R A D 7' L — MMEROEZEIREEZ /R /NO A—2 &7 D 5 ZA[HelZ /R LTz,
CDOXoic, TL— MR L THRET 24T XOBROMAERZMGES 5 2 & T, BERHEOREFINCEET
DHIENESNA RN D 5, TN HEOMHANEHOMGEEC IEHERAEY 1 7))V X 2 L—3 3 » (ECS: Earthquake
Cycle Simulationy V5% CH %, ECS& . 7L — M L TOEEZREL, [ 7L — bDRFHARIC K B0 15
—SHIEEFIC K B IO —IS IERE] Z2< O 2 THIEREY A V)V EdtE# LTy I 2 L— g%, HiIBORIE
FORFED DIHEICE TR TOMRZNSR LT 572, HRERZEMAT =)V « 24 IV T TRETZ2RHETND B
ZRIRHICEET AT N TE S, R TIE, FHEOEKHERAEFEZ S5 KEIR ECSZ1T 9 BROME N U7 hic
T BHLD FHAIT DNV TS S

SOVF AT —)Vigd RO BRZERE T 2IELOFH R G OIMREDS R E L 750 | SRR S TREND %,
DX KRBT U TiE, @HFERODTZWERERESHVW SN, T EMEOT 2RI U 7z BB A+ —
LHHWONS, DL ZRRBERBRTE VBN U TEHREIZ ON?) TH O, KHIEFEORBICIZE 5% 555D
HAEVL - @R LR E L 55,

AFFE T, HEF ECSOEEILTiEE LT HITHREZ V5, H 17511 & 1 Hackbush (1999) X h H#R X N5
AEMETIETH O . MAMRICKZWEEZRDZ T HENSICE> TN REE S DX S BITHNCHETE %, Mf5e
725157 SHATEBIZINE I M TR - AR B EEN B ICHE S TREIMTHIE 755 K D ICFEEINIC T EI L., &/IMTIN
TIRZ > 772175 T LT $IRNGHMZ R %, HEH ECSTIE, WM LoIS 2B M 289X 6%
178 x IR ZEHHT 5, TXDIEEITHNE, 17 « 55 IZ NZ U —oeIc7a 5T Wik V51 % source, receiver
EUTHIRE R ED, 17 - FImAWiIE RV j, i 1ISHT 29RO IEEBEEBK, ZERE T3, K1) i VEOmEkC
P> TIET 5728, Wifg)VDEEEEIEIC IR SN TV B HITHEEA N RER T L 755, AWZETIZT AT 5V
HLib ZHW T HITHIZIERR L T b, HITHREDTEHIC K O, FHE=RIE ON?) 5 O(N)~O(NlogN) N\ & HIEE Nz,

7z, BURD ECSTIEHD ANSNTWVARWEIRE 2V, HEROEARMER LRI Z W R LT HERICE. ENZTEL
ENETTIVRENLETH B D EMST2HICE,. TNEORREMGT 208N H 5, A TIRIEIROZRICH:H

L. HEHIH ECSNDITLREOMEMRIROEAZIT o Tz0 IO ISEREE UTHHTAMNEET 2 DI IR & 7o 13
FRFHIEAHIC 38U B HIERTEORICH LT TH D, TNEDIRE R TDECSULMNMTHbN TV, LH LN SIEED
A TUEHER TS T < BIA R 20114 SR AREREM-IEE O FEAE U7 B T ld, Wil K T 7km
EHIAATAIEICH D, HIREIZFHTH 2 LIV AR,

Z T TAWIZETlZ. Hok and Fukuyama(201 D EIRELE 7 LI B\ CHIER R 2 Z 8T % /5iEE W T, o
HARDFAET % & Z DI RO BB RHTINIC SR D % 51572 fEER U HEE)IN ECSIC 381 2 MR IR D #h 5 72 MGt L
Too TRFPARHTHFEANIL TN, HEshhh S e i > T Rl RmIRERE T % & il ofEic F-H
IR 2T LA BT, HERHORRITNE A%, TNIFICWERD SHEmAOH#NETH T &
KB EWVRD, EMBICK > TETRO DEHNE(LT 550D 2D THEDDETHZ LWV T ehnh oz,
TN DN ZL T ZTEEOHEBHFIROBEAIC KD, DT L— MTH 725 K 5 IRV iEZ 7 )LV & 3
5T EWAREL IR o Tz ABZEIC K D RITHNC KD 72 I RO ISERBIC BV TE HITFEZ T2 2 &N TE, KB
FERRENDEH & HETH 2 EEZ %,

F—U— F: 3y, MEFEEY A 7V, HIT8E
Keywords: quasi-dynamic, earthquake cycle, Hierarchical Matrices method

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgime

Union

S$SS29-15 £35:A05 FFR9:5 H 24 H 17:30-17:45

RAIAFIRZE R LI AT =AY T AN+ OFUEE T IV—rEilE s 5 7B

% E 7 )LD Cascadidis~\ D FH DF{ A — _ _ _ o
Numerical model of slow slip events with plate configuration -A tentative application of
the Nankai model to Cascadia-

KA Z2hd 1 2R SC—Bl 2
MATSUZAWA, Takanori* ; SHIBAZAKI, Bunichiro?

U B SR E AN ST, 2 RS

INational Research Institute for Earth Science and Disaster Prevetioitding Research Institute

A=AV S ARV b (SSE)REBIRE BB OF AL, miE T 7720 Tk < K Cascadidliisi/s £ £ < Dk
ABFTHEIN TS, THETHLIE, MEilER T 7ICBOTERYIELAEET S SSEOETIVEETTY, ZORHE
HAHREHEHT ST IR LTWS (BlZ1X, Matsuzawa et al., 2013) L Lia D, T ORIEET VA SSER FiEi 9
ZETIVELTEENZEDTHEZMNCOWVTIE, HIOEENc N L CERRICETIVEL, ZOREZEM LTV
STEeNEETHS. BUE, Mg T 7 TOETIVLLFRROT Ta—FIc kD, CascadidgHic351) %5 SSEDFHZ
MATED, AREKTIIZOMBEERET .

BAEET ) 7B\ T, Shibazaki et al. (2012 Matsuzawa et al. (2013 [Alfklc, BEROEEEHELTh Y b4
TR LTI N0 M REERIEEE R GE Ule. £ N 5 7 AR B OMEN AR IOV T, SSEM
BAERELTED, MEohZa7icOnTiE, Wech (20100 AT LI k> THRES NI SN TV, 2012-2013
FEOMB =Tz, Matsuzawa et al. (2013 [AFEIC SSEDFET ZEE T, ANEREIMMEL DDl y b4 758
M SSED TN HEREICE S T L2E L, £z SSEMBANTIE I N0 #E « IREKAZEEANC B 5 a-b DEAE,
TN TRIEL 752 XD HNNT AR =0z ]E Uiz, thAAL 7T L— M OFIKIE, McCrory et al. (2004 & £ 1247 20
JIEO=MBEZRZHOTEATED, WRFEBIIILAAIMTEE LT AIC 1000kmDEE 2 & > 7.

BURRTEARSRIC BV T, 9 LFERRTROIR LRAET S SSERNEHEEI N, iz, NV I7—N—Bmifhro41 v
Yy 7RI T SSEMNEFRICHEAL, Z OrllFE Tl TR T &0 > eI R I DV T E, RO
EEEFIL T0D. N T ——BrEEn 540 ¥y ZEBAEETIE T L— MBI L TH O, dip FrROMEERO
MENAL7EZ> TV, TOFETIE, up-dipfll& down-dipfllOTEBEINSEEL, up-dipflOiEEIDRIC down-dipfl] T/hE
IEIEEIDFEE L TR AL Nz, FROZEEIE, EEOBIHNICHB N TEHRE TN TV S (Wech and Creager, 2012)
COFMIIEENE N S T TEHALNTD, HIKHERED LT > THED, CascadiaDiERiE, T OfEEICHBWTHMEIFRE
WOMED dip AFANCELS K> TW0aA T EICER L TWAAEEENE Z BbNS. DLEDXSIC, CascadidgilicB\TE,
ARETIVE SSEDIEH DR Z b 2 FEEFANTEETH 5 T L HWVRB I NS.

F—U—F: AO—RY Y TANY N HAANT 47, Bl I 2 L— 3 2, RO EE - IR
Keywords: Slow slip event, Cascadia, Numerical simulation, Rate- and state-dependent friction law
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ShenxigoutIs DFEF LT IC 31 2 REYD Z < > 5ok
Raman spectroscopic analysis of carbonaceous material in Longmenshan fault zone
Shenxigou

TERE M2 1 WK DUHIF 1 YAO Lu? ; MA Shengl? ; A FiJE 2
KOUKETSU, Yuit* ; SHIMIZU, Ichiko! ; YAO, Lu? : MA, Shengl? : SHIMAMOTO, Toshihikd

VRO AR ERE PRI R, 2 RS ) AR E R g hEIES - MBS
!Graduate School of Science, The University of TokyBtate Key Laboratory of Earthquake Dynamics Institute of Geology,
China Earthquake Administration

On 12th May 2008, WenchuaW v, 7.9 earthquake occurred along the Longmenshan thrust belt between the Tibetan plateau
and the Sichuan basin. Shenxigou area is located at the western end of the coseismic faults during the Wenchuan earthqua
The fault zone consists of fault gouge, fine fault breccia, and fault breccia. The gouge zone consists of grayish gouge (GG) an
blackish gouge (BG). The breccia zone consists of grayish breccia (GB), blackish breccia (BB), and mixtures (Mix) of GB and
BB. The concentrations of organic carbon are reported as less than 1 wt.% in GG and GB, while those in BG and BB are 28 an
36 wt.%, respectively (Wang et al. 2014; Earthquake Science) . In the present study, we performed the Raman spectroscop
analysis of carbonaceous material (CM) included in these fault rocks and host sedimentary rocks. In addition to the natura
samples, we also analyzed the gouge samples after high-velocity frictional experiment to detect the structural change of CM b
frictional heating.

Raman spectroscopic analysis was carried out using 532 nm Nd-YAG laser. The laser power was limited to 0.2 mW to avoic
the damage to CM. The CM Raman spectrum was fitted using four peaks (D1, D2, D3, and D4 bands) following the method of
Kouketsu et al. (2014; Island Arc). The Raman spectra of CM in GG, BG, GB, BB, and Mix were similar , and all Raman spectra
indicated that the structure of CM corresponds to amorphous carbon. This result suggests that the carbons were originated frc
the organic materials in the host rocks and not concentrated by hydrothermal precipitation. The Raman band width (full width a
half maximum; FWHM) of these fault rocks was larger than that of the host rock, and it means that the degree of coalification
of CM in the fault rock is lower than the host rock. The estimated metamorphic temperatures using Raman CM geothermomete
proposed by Kouketsu et al. (2014) are around 200°230 the fault rocks and 280-30Q in the host rock. The Raman spectra
of CM in the sample conducted on the frictional experiment that was carried out at constant slip rate of 1.4 m/s and normal
stresses 0.8 MPa under room humidity conditions using BG also showed no obvious change compare to those of CM before tt
experiment. In the present study, frictional heating was not detected by the Raman spectroscopy in natural and experimental fat
samples. These results indicate that the heating duration of the coseismic slip was insufficient for the studied CM to maturat
enough.

F—T— R WK, BEFTLKTE T, BREY), T >0 M, BN
Keywords: Wenchuan earthquake, Longmenshan fault system, Carbonaceous material, Raman spectroscopy, Frictional heatir
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IREMD T 2 AT )b WM EIC 3813 2 PEEEEAD I .
Detection of past frictional heating on fault from Raman spectra of carbonaceous materia

FEVAN A 1 5 FRSR ERER 1 ; WA {6 > 5 3 4z 2
TABATA, Hiroki 1* ; UJIIE, Kohtard ; KOUKETSU, Yu? ; KAGI, Hiroyuki?

LIRRE, 2 RGURYE KABe 2 R i 2Rt
LUniversity of Tsukuba?Graduate School of Science, The University of Tokyo

REMODS 2 AT B UIE, 18 ERICE> TREYIORENZLT % T LI X b RHMNCZE(LT %, T OREY)
ORSEZLIFENREFER RIS T2 L SN TED, REYIDO TV AXRYT MUE W THRSRZE KA H
o TP EREE AR 2AN R EINTET, BLEREYD S ARYT MIVDKIBIC I 2 BEERAD L 5
TR 20E A D FFUR N B T & 2R RIS 09 % Y o TRIHAT v — b —ga > —7r >
ADAT A ¥ — ERWIEZ SRITIREYIO T Ve niiziToTz. TOWETIE, Yo I7REHRAD L=
BRFr—FDELLTED. WiEPIEBICIIESHIVOEEELET S FOhE I L—T 1 MOVHET S, C
DS HEIE TR, WiEBkE ZIHhSIRET Z2FANR. BE - BAME, JERE< M) v 7 AFic@ LIEAER~Y A D
0o A FAEHENE T S, BEEERYIADEILL THHKRZY 22— REFS AN THBEEZIOND, )7, BEIE
REEOEEAK L= M)y 7 AU EBAT v — S OS2 G T & TREMN I bNE, IREVID T o,
Va—REFSA NIRRT L—YA FEWRICHHEE 5145 nmTiTo 720 ZOREE, Y a—REXFS5 4 M &FDinks
2mmOREE (Fvy—R) IZBWVT D1 & D2 TN ROSEELL (Ipi/lpo) D& D13 RONEIEDI D DD
SN, REYIOBREOEMM R E Nz, — . Ya—REFS5A4 S 2mmll N zF v — b RUGHE T L—Y
A M EFDETIE Ipi/lpy « D13V ROYAEIBOZILIZFED SNIah ot Va—REFTA M EFDEEE 2mmdD
F v — FH 5 RE SN REY ORISR, BEERACESIRE FREKLU TV AHEEENH D . BWETY 5
RGN TH STz LLEDT END, REYD T ARY MIVIZWEBIC BT 2 EERROMRICEN TH S &
EZbHN5,

F—T—FR REY), SRVAXRT MV, Y a—RFREZFIA M AZTL—Y A, Fr—F—WEa>—T VA
Keywords: carbonaceous material, Raman spectra, pseudotachylyte, cataclasite, chert-clastic sequence
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ErEVOFA MOEEe —Y VIRICE I 1R DR E
Effect of humidity on frictional healing of montmorillonite

T AL AR
TETSUKA, Hiroshi* ; KATAYAMA, lkuo !

VIRERAPAIERIERER R > X 7 LA

!Department of Earth and Planetary Systems Science, Hiroshima University

[l U2 5 JEHHICF T 2 HIEBIC DWW T, DR D IR UHETE T IV I N T % (Shimazaki and Nakata,
1980, ZD—DIC, IFHIERHC—EDEIE TGN, 25— EDIINTGET % EHIEDNRET D VI BTV (K
MFHETIV) bbb, TOETIVIE, FEilFEREOEMFINICEMEHIN TV, IEEROISIIEINOEIEIE, B
Bre—Y Y IOR (BEEEAEFIEL TV L &, KHORE L & HICEESREDN IR T 2808 I T N5, g
HEBDOFE T Bk AR TOEEEE 2E 2 5 & & A TEHEREYN R TIRO BRI RS A X 7 214 O
BNEE LS (Ikarietal., 2007; Ujiie et al., 2003 F7iz. IAHART TlE. FAODHEOARHENREENDED T, &
JEDWERERT B AR ETHS (Zhaoetal., 2008, HISERAI « TIVI T « V=R HIRH T ZADRAKZ RN
W2 Tl RO FFUCROEE e — ) VIR E 2 L WO FERME SN T 5 (Dieterich and Conrad, 1984;
Frye and Marone, 2002; Scuderi et al., 2014) » L. JeA T8 TlE. AX T ZA b ix EORE LIS DOV TIEHFANSNT
WV, T T, AR TR, SR HEEGRBEE VT, AX T XA MO—ETHZEVEY O A FDOERE L —
U 2 TR B BIRIE DB 1Tz,

AR T, ErEREEZ 10+ 30+ 100+ 300+ 1000+ 3000 L 2L S BT — V) V¥R R LTz, MEILIIIE 15MPa
BAWTT RO HEIE 3um/s T—EICRE, EWEBIGE L%, ATAF - KR—IVK - A5 4 Rz o7z, Rl
ErEYOFA bV, T, HRO-DICHEREHWEBRE T 12, FERE 4 DOREDIEEOLEMN TITo T2,
(D) HIR T T/KIEEZHOTHKOHRTIT - 72525k, (2) FiEETE F T3, (3) ilkl7Z 100°C T 24 RFiE¥ziR & ¥ 714,
HIREE FTIro 7R, (4 3k7%Z2 100°CT 24zt S ¥ 7z1%. B & b — 2 —T 100 CZH#ER LM biro 7
EREBEEERO 4D TH 5, TNTNOHMEEIZ (1) 100%. (2) 20-60% (3) (2) Kb &/, (4 0%RETHS,

EEROMER, TV OF A MBI ZEEe—) V7RI, BEPEGNEENSLSEE T Doz, Jc’:‘/%‘:
VarA hObv—1 VFHEE 5%, HERIREETIE 0.008fE TH > 7=hY, KICBIM LT IREE T O.OOOS&FH‘“&& 0.
F1OENER BN, EVEY AT A FOEBL —) VMR MEE L AOMBEERTIERE LT, WBENEL Z;‘é:
EVEVOTS A FOBREDIAND . EEOKE I E > T, EOBME OB A WmRE D 1&?@“%;}:7’3\%z6ﬂh%

BENMESEYEY T A MOESLEFEET 2ETIE. Bige—1) /%JJ%'ébVJ\éb\t&b FEHUERF OIS I e E
U NEW, IKICBIRT L TV B TAERIEEIS /17 100MPad L7246, 1004ERIERIE L7z & LTI DEE R,
~0.5MPat PRI NS, THUIHIED 1258E L7525, T, BENELEYEY TS A MHZEET BT
EHIEOFSRENENC ERTFHEI NS,

F—TU—F: ARXT2A b RO —Y VTR,
Keywords: smectite, frictional healing, humidity
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SEM%EWBJ?DMH WG I T NIRRT IC 380 B ORI RS R OG- fER a4 9%
Anea e W

Sample preparation condition for SEM-EBSD: An example of quartz minerals in granite

SH AN 2 ER S
KANAI, Takuto!* ; MUKOYOSHI, Hideki ; TAKAGI, Hideo?

VR AR AR BERE T AR, 2 BRI AR AR & B T A S R BRE IR B A, 3 BR80T - G
FEEAA

IGraduate school of creative science and engineering, Waseda Univ&rsigydisciplinary Graduate School of Science and
Engineering, Shimane Universifif-aculty of Education and Integrated Arts and Sciences, Waseda University

BT T (EBSD) 1, fEEMEOGURNCE A2 IS L, BITHGELT 2 BHTE R0/ % — > (EBSP) Zfi#kT
T5ICKOERANZRET 2 FETH 5. I, WEEDTICENTE, EARE FIHMEE (SEM) ICHO i 5h
7z EBSD 7= W T2 A ik Bl ORE A MR, IR E OGO EMTbNTWV5. Aaidklo SEM-EBSD
fEbTTld, TR ZHWS. EBSDOMI T, EBSPICH 59 5 AMNETFOEARE DL 10 nmETLEINTED, Wl
WHTFBRIOMHIC X 5 X A—YEOFEEIX, EBSPOIY I AR ERELWMDEIES. ZDe, SEM-EBSDH DL
FHE, EFEOEFEBIC K Z XAV EY RR—=Z MHEEIEZ{To 121k, /4> IV v r7vanaA X)LV hzfv
TEHREINIEIC X O X A=V ERRET 2HEmOML BRI N TS (NE - 171, 2002; Prior et al., 1999 735,
— RIS A RO R XA —VREREOM B, aaA L) AW EIRENRLEL TS EEN T
% (BZ1F Lloyd, 1987. 7z72L, anmA X)LV A%V iz EBSD HEIOWHEICDOWTIX, BARMNAUEETIES &
UEOl A TEICBET 2 ME RS E 0 MSNTWERWL. Fie, SO ZET 2B, /EREORRIC K D /D
Fikbd2ehdbs. kb Uz € EBSDANNICHEZ IZTTRNDH S D, Fikd OFBICET M5 &R0,

FCTT, AAENICE TS a2 i kb SEM-EBSDHEE ORTLHEA ZRETdT 5 L2 HNE L, BEH
FHEHMO 1D TH A AEEZL FUERMEZHNC, aTA 2V HOEMHIESIECE T 2 et 21> T2, Bk
Wi, aaA XL HIREHEOBHERRT 3 X CHHERHCECENC DI 2R EIC DWW TR ZfTo T2, i, EXINIC
Frigko 8@ ZHEL, ko HE DR EBSDOMTICEER MIEFT M DOV TOME BT 7z

anA 2LV i K AIREEIZ, BUEHLER 18 VibroMet2 S 2 W 2. FhauaA4 X)LV Hiakild
PRECISION SURFACES INTERNATIONAL(PSD ¢ (fXEELE #hlatt =% an A 2L ) A&t EH (.
5904-S-64 pH: 9.8 Hhiff: 40 nm ZEMH L. aa1 X)) hae T iREBINE O RESE 2k % 5 2T, EE
%87 A—=2& LT, DIREIWHERE, OaRHCHO T 248, OREGEE, Db, SRIOWETIE, ThH508T
X—ZD5L, OBXUCOICH L THEZIT> 7. BAAICIE, DIZDWTIE, IREIES 1R, 2886, 3mRiT-> 7
LEOHHBESOBENCOWTHRET Lz, OIKDOWTIE, EEICHEOME (92009 7z L{EM#H LzEE L 3/ L
1B OWEE S DE NI DWW THRE Lz, DDOIREIREICDOWTIE, FRHETH % 50%C[EE LU TIREIE 1T - 7-.
EBSDlEE, FRGHAEFTAD SEM (HVINA 77 /0y — X8 S-3400N X, [ SEMICEOHF5NTNS
EBSD#i#s (Oxford Instrumentd€ HKL CHANNELS) ZfiH U7z, ABEFHD SEM T 4 T A Y NMIEZ VT AT
ViEAWz, MR ORMENIRE 217D, MREEOREE STdIc, SEMEIEDEZEEFKEZE (30Pa 1K
ELUTHELRE. i, BEEFE :25kV, V—F2 7T 0 AX A (WD) : 30 mmDEEHT SEMEIEI XU EBSDS)
Wizfrolz. WEDOFIHE LTX, £9, ZhZhoidfadtkhc BT, %IEELE % (BED #gdck b, HETH
PRI RHAIL, 2=y kT B ARSI L, 250fEDMHRT, 70 p m PS5 OHFEZ 2 p m R THO 1D
DOFEFITDE 12255515E) Uiz, 1 DO ICDE 20HO kS H O /4T 21T > 2. EBSD ORIl :1E, /KD
BONTSEISH UT, IELLKIERIENHESOEZe Yy P RELTEEL, by hRHKEZWIFE EBSD TOH
FEICTHE LIzl TETWna L L.

fRHTOFER, XA Y EY REIRITEDOA ORI TlE Yy FEROIPIGMEN 55%AKH TH > zDicH L, a1 X
LB it U 72 380RHE TR T 7098 EDfEiE/RL, BHEREBENDR SNz, aaA X)) FUE 7% i3 BRI B L
Tk, MWD EDVEIWERMES N2, REBEEOEW 1B ORI TE, SEEED 7000 EOEZERL, 1K
OB T+ THB T ENHLME ST, FOEWICKZEIER SN -7z, AR, &Y XH% 100
p mEEED IR 7D EBSD M 2T I HEDRITHE L TV A AHEMENDH 0. Z OO DOV T, HNE T %
FHCADE T, BB T 2080855 L Bbn 5.

F—U— P EENE FEMETE T BELE RS, aaa 2L i, IREIE,
Keywords: SEM-EBSD, colloidal silica, vibratory polishing, thin section
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B RUN B LT WE AT 2 OB RA IS & Hig= IRy oD JEE 120 R ik /)

Fault Lubrlcatlon and Billow-like Wavy Folds In a Seismic Slip Plane of Nojima Fault
Gouge: Rock Magnetic Perspective

IR K Z T WA i
FUKUZAWA, Tomohiko'* ; NAKAMURA, Norihiro!

LA R EBEER A SR
!Graduate School of Science, Tohoku University

An earthquake can occur only if friction decreases rapidly as slip proceeds and the shear stress on its fault planes surpasses
frictional strength of faults, indicating frictional coefficients significantly decrease{0.T) in proportion to a displacement.
High-velocity friction experiments have proposed thermal pressurization and fluidization as weakening mechanism of a frictiona
strength of faults, but few geological traces for this mechanism are left behind in a natural fault zone. Asymmetric folding and
fluttering structures have been found in a natural fault zone, such as in Nojima active fault and in in Kodiak accretionary prism.
In Nojima fault gouge, it is well known that there are billow-like wavy folds along slip planes, being similar to the pattern
of Kelvin Helmholtz (KH)-instability which normally occurs in fluid. This instability generates at the interface between two
fluids of different densities shearing at different velocities (Thorpe, 2005). Therefore, the presence of billow-like wavy folds
in Nojima fault gouge suggests the fluidization of gauge materials. If a temperature range for the generation of such billow-
like folds could be determined, one can give a constraint to the weakening mechanism of frictional strength of faults. Here |
show rock magnetic studies to prove the temperature rise in the generation of billow-like folds in cohesive blackish gouges
using a custom-made scanning magneto-impedance magnetic microscope. The results showed the billow-like folds and tt
sharp slip zones experienced at least a 7Beating during its formation from the incohesive grayish gouges, because of the
magnetite formation through thermal decomposition of siderite in the grayish gouge. The upper limit of temperature rises car
be constrained as at maximum 8@by the preservation of microfold textures because high viscosity fluid, such as melt, can't
generate a shear flow forming KH-instability. Based on these results, these two zones had been experienced a frictional heatil
(375°C ~800°C). From the temperature condition and the one-dimensional diffusion model, | estimated the frictional coefficient
of a fault zone in Nojima fault gouge is approached to be ©#@P4 during coseismic slip. These results indicate that thermal
pressurization-induced fluidization occurred in the fault slip.
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g B AL i RS L NLIE 9 % B I LT DBt « 25 B J I

The fragmentation and alteration history of fault rocks in the Byobuyama fault, Gifu Pre-
fecture, central Japan.

BFHCHRIE 1 AR R L5 27T (@ — 2 PR AT 2 /v B 2 ik s 3 iR D 2
KATORI, Takuma* ; KOBAYASHI, Kenta' ; YASUE, Ken-ich? ; NIWA, Masakazd ; KOMATSU, Tetsuya ;
HOSOYA, Takushi ; SASAO, Eiji?

LR R AP A B AR, 2 N ATBOE N HAR 7 WS e R FE RS, 3t sEpk X 21t
IDepartment of Geology, Faculty of Science, Niigata Univerdilgpan Atomic Energy AgencyChuo Kaihatsu Corporation

FRERHI T IC 1382 < DTEWITEDMFE L, HAR T HROTEREESET TH 5. T Hid, KRS NE-SWAER & NW-SE
FEMDERT 2 WilERHI KA T Z, EHER W R AR L TV 5. ZOHTE I LWEIE, =S & SRS RO
BEFUCHIE L, EX 32 km, FEEE 1, (GHIE B R OIGKIETH O GEWIEIIZESM, 199D | BSOS 2 Hes = mE
HOWET TR I DHEE T, %9 500 mOEEZNI A5 X T\ 5. Tz, RIWEICRmIE, A $E W ok S5 W o ek &
L, AWICIEDE S BfRZRS. DLEX O, BRI E O E) S B R I K E g Be 5.2, Wbt 5 O -
JERT R O— A0S BEATEME CTH D L EZ B . T T CAWE TR, FEEILKEZFHNC, ZOMHEEh 2RI %
FAEEABRE i & U =W S ORGSR 5 X b2 o217 - 7z,

W& U7z FRUAE, I8 R IR AR T BB O s BRI O IC B T 2 Wi EERE T, BEERS O WHRETH 5. T DFE
SHTCIE, TR GOl =Adibami) &, R)IERIS (BRI HRD) DWIERAR TR L, WIA O 28153 %
TN TES. WigimDLEAE, NA2ESOSECTH 5. AWIZETIX, WilEim D28, il OBk, T ibigE & /e am iz L
TWAZ e, WL —XIC—T 5 R END, RFEELREILEEOHH (Master faul TH 3 &E R 7. Kg&iH
WK D, 1 30 cm LI a7 59 s bR i LT oD W JeE £ R, HERRT 30 e D S4B A RS PR €8 7 B 9 IR D R e
DOWrfE A7 2, 185 5 cm DRG0 % 29 LG EEIEO W E A ¥, 185 40 cm D FE % S 9{E R SR IR O w1
2 L—PA b, IEH 30 cemTHEGZELZ T HEZ 7 L—Y A b, ZO FIICIIERERIREO SRS D s 5. /e aitd
TROEIRA R 7 L— A NI, EREOOWIE A DRI A DAL, AT BV TR S O ikl O
KU BT HRRI ORIV 1T 5 T2 WiE A i FHE 2 R DR MER T2 3 &, KZEWE5 7572 DELD P IS IEHL OO E 2 3
. R OBREL, BB X TYIH - BHBICB O T EAR - /MR (1990 BRUARREIZD (2009 ZZEIC L. (L2 0HT
T, K LF DEEZ B & Uz XRD 7087, (L2 O Lhig 2 Hi & U7z XRF 98172175 72. XRD 7947 Tld, TEREE
(Sedimentation methodic & D i U7z ks 50K 2 BRI S8, FEE U728 D% X5 1 R A5 X8R UE skl z
e LTz, COEANMARIZ I « TF L 227 ) a—) )V « BV Z L, oo ¥ —27 > 7 Mo Xk b ki3
DRIE, T8 « AR DO Z2 1T 1z, & BIC, B T & ORIV D@ N2 RS % fo 8, R S L1578 U T-alk
D XRD 73#M172f7 > 7z. XRFHT T, HT A — RZ{ER L F BB X UOME TEZO RS LEaiiziTo Iz

DL Of#MT « AT OFER, JERIEIRD 1 2 7 L—Y A R TRES N, {EMEEIEOWIE /7 2% X U T I i
DOWikE A > « WiE AT T NON > X7Z2R U, BEELWEDMEBR DI 15 TIEEI L Tz LS e R
To BERICIE AR Z AR (Sm « A£F5A4 K () - AAVF A b (Kin) ZRARICE R, {ERE RO WIE S Tl
(Zeo) WIS NTz. FITRIEIC DV THER AR OWE S DM %2 A3 &, SmIETiFYSE T, I 1dHh X227 L—Y A1 T,
Kin ST Ao DI B0 TR & 5. LI B EIROWIE S TlE, Sme il - Kin & IS g@AGIaliE i~ 2T
RAEZ &0, FRAGEWE Y O ThvIMiRE & % X 5 ICERBENIRZEN A BN S . RIS DWW THERISEEIRO Wi E 75 O
WimzHss e, Smlll LEICHRT L—Y A MCBOWTIRAMEZ & 5. TIPS EROWES T, Sm- Il & &I1C/RME
TiE A Y Y TRKMEZ & 5. XRE NSRS, Mg « Ca- LOI OEBEE LI A 5 N, seRA TR hfliicr o <&
ERZBVHANCH S.

WA DR LY 2a—LEEET D &, TNty AZRITERMERIED N Z 7 L— A k0F DIFEBO T
PrEd, rdLERERIES RIS TIER E Nz L Z 2 5N 5. Z 0%k, B EMrILs [HEIS155 ThrE L@ i34 3 Nz £k
5 il EE) & BaG U, LI I iR R 52, BB OMERE NIc L& 2 5. ARFEEK T, rE Lk E O E)
e, ZRUClHE S i - ZEBRBEICOW KT 5.

BB, AWML, K 26 FEHEM RO E S EE THE R EINZE R HMEMERE R BT ) G EAE T
FIVF—T) THOLNREO—EZT L.

g — R RIELITE, W, BeRr, 250, KL

Keywords: Byobuyama fault, fault rocks, fragmentation, alteration, clay mineral
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ILFIARN A S MR E DE /K IO ZAL © PU e B IAYYE 2 FH\ O 72 T
Permeability evolution of oceanic basalt at Nankai subduction zone: implication from on
shore basalt at Shimanto belt

W E YO RS 2 W R A Z2mH B B EARE 4
TANIKAWA, Wataru'* ; YAMAGUCHI, Asuka? ; HAMADA, Yohei! ; KAMEDA, Jun® ; TADAI, Osamd ;
HATAKEDA, Kentarg*

LN A TGS NPT B RS (R R 3 07 SR, 2 BOUOR AR KU, 3 AR E R AR A G B A et E AR SR
HIL ARV Y T—7 « Dy IRy
LJAMSTEC/KCC,2Tokyo University,>Hokkaido Univeristy*Marine Works Japan. LTD

201 VFEDHAEHS AR . 7L — AR T 50mIc & b7z 5 KEGZENZES TRODPEL T
T eI KO R S EN &R TNz ZEZIENTWS, KREMEFIERC LIEEROCEDE LT, FL—Fh
BEFLRGE - BERIC I 2 BERIBUKIEOFRZICHE S BEDIK AT o N5, COREHEBKEOHRAEERE LT, T
FPAPAED WHET L— M ORBUKKIG, FETIADTRAL FEBERICE S FLBRIARS X Bk EOZ (b ZEITF 5 h
%o RO Tt ZFHAL 72 Tl Ml b T THIERERTERET S DN THING, WTNDALZXLE
MIBRKEDHKERIC EOREEFEGE L 5 B2 00E. TRAFARITHES WET L— MITEOKEREDOZN KR E BT %, £
TC. AWl b o 77 L— MER N OWEE T L— MIE RIS & LT, ANROBRYIE TH % R
HARDRE EPU TSRO R Z T, FERERIC & &7 5 KERRFE D2 b 23X Tz,

AW I, Par HARORE LV A O CIRREN 85 5 L B Z SN2 80 CMEH . AfL. Bl BX
UHEIE A S > Y 2 ) Al S FEHOLIREZ Wz, © U F A FRERNOHEE LFiRE RAHENEE) 13 F
BRI R T Y a D —FE L, MERT D 2D —FEO. AU, KHEZE MCBW TR, EodE, &
GRS B XK ORI AR X BRI HORERTTo Tz BKIREUIIETE 1~160 MPax T T, EEH A
ZHEBRRAE UTHW T T Tze 3R EIRMAIO A A EZ2 —EIC il (0.05~2.0 MPa L7z H AZi RN L T iR
TR 5 REUE FICHES S NIe A ATREZAE U CEKFESZRN U,

TR R T > Y 1 DRFRERIE 3~5%, MEIE 0.5~1%% /R L, FIRENKE L XBIC Uz > THBRENNE &
HHEAMNRD BNz, AALETUI THRIEA T > Y 2 B—FRNMEZ R LTz, ZOMO KA ITEWDZED 5N
Motz FMERHREIC DWW T EHEIC KD EWIZHBICEED S Nah - 7z,

[ CEHESRA CHINE U 7e 7 ARERENE . FIRRE DI ELFId % Klinkenberggh RAEESH 5N 7z, £ T, Klinkenberg
DORZHNT THRREREY D TEKGE BB LU, o, ZFEALDOHEERT NEKEH & Klinkenbergzlod
CLEBIRE DRFHITT ¢ v T 1 7 TEI2128., KlinkenbergDI\ T T E iah o 1o H AIRBREUIRERIN R S 12
SURHIZZ O THEE Uiz, W3 NORE S ARIEDOHIMS OB KREIZ D LTz, SMPah 5 120 MPaDEEDZ1kic
T U TR M L. F - Z OB TR TE T2, HilEOEWVEENE VB KMEER L. AXIHE 20MPa
BT MR LA E 75107 18~09x10719 m? Z/R L7z DICH LT, RBEERIA X 251072 m? 2R Uiz, 2RI
ATV ah SRR T, 172071F EBKEBDIE 5 DENRD SNz, HIE LRI e E O flE R
{380 0.01 p m LU FOIEF IRV MG 2+ > T\ 5 T LR E Nz,

FBERRAEFNC I 5 3BKIRE DI HIBRROP D LB R R LT T &S| TRARARIC & &85 J12EH < (LANTEHE
I & % RBREE & BIBARE DB AN & O BKEDR LIS LTe T L 2R8 T 5, Ko, p X 81 CT HIROMENTIC K %
&L A—FEEOLRAEDEAYMEDIE S DEIIAY A —)IVOENHDOFGEDRENHEL TWET ERbho i,

hBARE T L — MEEFUTEDORIBKED FFE X = XL, TNE CTEICHEDOBIKS ISR R B OfkD
MDD ERFERNE LTEZONTE R, ULh UAWIZERE FUHAE I E S RIBRARE & 3B /KRB D I DY R R/ FE D 14
IMCKELFG LI DT ENHSEMNEE ST, DT, ®ilF T 7 thFiAF i O EMBRKE R OFEAETESIE. AL
T3RD B NTBE/KIREL & BB DI ANEREIAKST L TV 2 ATREMEDYE W,

T — R EKIREL, 80T, MIUKIE, RIVEAIEE, VU1, Kt
Keywords: permeability, diagenesis, pore pressure, Nankai earthquake, Shimanto belt, basalt
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BV T IS OA TS e e b EBOD E & K _ _
Lithology and fluid transport property of the topmost part of the oceanic crust subducting
into the Nankai Trough
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Fluids in subduction plate boundaries play important roles for both mechanical and chemical aspects. Recently, oceanic cru
has been recognized as a source of water along seismogenic subduction plate boundary (Kameda et al., 2011). For document
hydration state of topmost part of subducting oceanic crust, we performed visual, optical and Electron Probe Micro Analyzer
(EPMA) observations and powder X-ray Diffraction (XRD) analyses of basaltic rocks retrieved from the Site C0012 of Integrated
Ocean Drilling Program (IODP) Expedition 333. We also measured porosity and permeability of samples selected from eact
lithology. We further interpreted Logging-while-drilling (LWD) data of Hole C0012H obtained during the IODP Expedition 338
to estimate the thickness of seafloor alteration.

The IODP Site C0012 is located at the top of Kashinozaki Knoll, tectonically uplifted topographic high on the Philippine Sea
Plate coming into the Nankai Trough. Basaltic rocks in Holes CO012A, E, F, G occuring below 520 mbsf, are mainly composed
of upper pillow basalts and lower massive basalts. The pattern of alteration is lithology-dependent: in pillow basalts, volcanic
glasses and vesicles were replaced by clay minerals; while alteration of massive basalt showing doleritic texture is characterize
by red-colored Fe-oxyhydroxide veins with alteration halos. Potassium-bearing alteration minerals (K-feldspar and celadonite
occur in places.

Permeability measurement of representative samples of each lithology was performed at JAMSTEC-Kochi, under the roon
temperature conditions with effective pressures of 5 to 120 MPa. Permeability was measured by using N2 gas as a pore fluid, ar
calculated by steady-state gas flow method. Gas permeability decreases with increasing effective pressures and pore pressu
following the Klinkenberg equation. Klinkenberg-corrected permeability of pillow basalt ranges 10-19 to 10-20 m2 at effective
pressure of 5 MPa, while that of massive basalt ranges 10-17 to 10-19 m2. Permeability contrast between the two lithologie
would reflect microtextural difference between two lithologies, because of the absence of significant difference in porosity.

LWD data of basaltic rocks were obtained from Hole C0012H of the IODP Expedition 338. Low resistivity and velocity
intervals are corresponding to pillow basalts, whereas high resistivity and velocity intervals are corresponding to massive basalt
Contrastingly, gamma ray trend is independent from resistivity and velocity trends: positive at around lithological boundaries.
Positive peaks of gamma ray would reflect potassium-bearing alteration caused by permeability contrast between each litholog
Below 680 mbsf, all logging data become constant and non-fluctuated, suggesting that lithology become homogeneous belo
this depth without strong alteration. Therefore the thickness of hydrated part of oceanic crust at Site C0012 is roughly estimate
to be 100 m.
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Laboratory experiments on dynamic rupture propagation using rocks

=4
MIZOGUCHI, Kazud*

LA PR BESEAT

LCentral Research Institute of Electric Power Industry

Around pre-existing geological faults in the crust, we have often observed off-fault damage zone where there are many frac
tures with various scales, fromum to ~m and their density typically increases with proximity to the fault. One of the fracture
formation processes is considered to be dynamic shear rupture propagation on the faults, which leads to the occurrence of ear
guakes. Although much work on such off-fault damage associated with dynamic rupture in homogeneous material (ex. polymers
have been done in the past decades (Rosakis et al., 2007), the rupture-induced damaging behavior of rocks, that constitute |
faults in nature and of which frictional properties controlling the dynamic rupture might be different from the polymers, is still
experimentally unexamined.

Recently, | have worked on laboratory experiments on dynamic rupture propagation along contacting surfaces of two metagat
bro blocks from Tamil Nadu, India, simulating a fault of 30 cm in length. For the experiments, the similar uniaxial loading
configuration to Rosakis et al. (2007) is used. Axial loaid applied to the fault plane with an angl¢o the loading direction.
Changing the angle makes the ratio of shear to normal stress on the fault a critical level close to the maximum static frictiona
strength beyond which the fault begins to slip spontaneously. For the critically stressed fault, the triggering of rupture is archivec
by striking the one edge of the fault with a hammer and the subsequent increase in shear load for a short duration. The load ce
attached to the tip of the hammer head can provide us the magnitude and time duration of the impact stress. In this presentatic
| introduce the experimental set-up and some preliminary results for the dynamic rupture propagation on rocks. This work is
supported by the JSPS KAKENHI (26870912).

T R BIREEE, H, W, 28
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Temperature-dependent frictional strength of dolerite in a nitrogen atmosphere
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19904 LUE. HEBFAERRICITIT 2 mAhDEEE (< Bmls) ICBI 2L KA ROBEERERNMTbN. &
M (> 10 cm/s TIEIZENGEE DI E > TEESRENEZE LK T A2 ENHLMNEE> TS, LL., kD
R BRI CII BB BNC K 21 FRZRIEITE THE 5T, mﬁﬁu%wéﬁﬁﬁﬁwﬁTbmﬁiﬁ® BT H
ZAREMERHERR TE ARV, R, WEIEEEGIEH L2 RL I A4 MdEORK T OBEERER GREE)S 1 MPa, Z205#E
lcm/s ZFi~1000°C) TiX. SIS 2 BEEEE O FARE LR OB K > THA LSS T LAREINTHY
% (Nodaetal, 2011, JGR ZTDEETIX. FL T4 bOEESEOREZ(EVERETOIEREMESEREAD
IR, EEEEYI O ETRERLIC X B LS S A B L IEOMBZ/RT T EARINTVEH, HTFOWEIZEEEICZL
WEREE FICH B 728, RERTBIR I NI K 5 R EHEmY o miRi b B =M Tld iz,

Z T T, BRICZUVWERFHGK N (B2IER 0.1%f %) TEiR~600°CDOIREHIPH T Noda et al. (2011} [FIfEDIER
BTV, EH R L JEREYE S AR B XTI RO MO EER & OB Z X, K&H10 Noda et al. (2011)
DOFEFER LI Uz, ZORER, EH BRI ER T 0.52TH D, 100~500°C TiEH 0.70 TIZIF—3E. 600°CT
3K 0.76 CTH - 72, IEREVE SAEIZZEIR~500°C T 60 +6 W%DHEIPHNTH - 7zDIcH L, 600°C TldH 38 W% T
Hole, Fio, BERYEWERIIZRTR0.78TH > T=DIicH L. m&@m€1@ﬁ09& FF—ETHot, EHEF
5 FD R LA b OEFEEERIE, BRTEIAAH (90.77) LHXRTHAED/NE L, I 100~600°C TlE KA H
(}70.61+0.09 K kE<EoT\53, Ei, m&@mC@mf@lf@#m£%£ﬁﬁga@%kkm$fn®5h
172X S HAOHBERZEARED ENBEH., —/5. Bii~500°C DI EEHIFH T3 EFEY R E R & ORI (EOFEIRIRAEE
5NMb, LM LAENDE, TOXD MR, m%@%@%m~ﬂmﬁ\%%@%ém&%m@@ﬁgﬁﬂf\%h
ZNARBBIC RS> TV,

HEFHKTO RL T4 b OFEROEFBEERE NG & LR T NE WO BRI K7 Teas D BN IR N 28
EEZHNBM, 100~600°COEH EEGRENKTH ENRTREL BZHABBHFBI TR AHTH S, £z, EHE
R L JEREYE S E B K UT XD OB EER L OMBE « JFHBEDMTNISER L TS 0hE ., BT
HHEMCTE> TRV, TNHIZDWNT, SEREZEED T FTETH 5,
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Keywords: Dolerite, Nitrogen atmosphere, Rotary shear experiment, Temperature dependency, Amount of amorphous we:
material, Ratio of wear material cover
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Relation between mainshock rupture and aftershock sequence based on highly resolve
hypocenters and focal mechanisms
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1. iIL®BIC

KHERFEZDOREOFRE W2 T 5 72DIC, REDNARERHICHIE S NIWE REWE) O XD KL OIH
THBDh. H5VIEZFDREICIFAES 2R ORI OIS MCT 208N H 5. Liuetal. (2003)TlE, 1992
F LanderstZEDORENE & A W= ALRH S, REWE ETRELURER SWREEICT IR EHEEL TS, Ly
L. TOMFETHOWEREDEFRIERENRAT IkmIC N5z, X0 EFEERERAE S A /) = X Lff7— 25
DNVTCEMmT B ENRAIRTH S, F T TAUIZETIX, 20004FE SR IGHHIE (Mw6.8) BICER & M- thZs
T — 2D EREOEBFNEB LT AN X LRZHE L, FElORMBEIC DWW TRIAZ A /2.

20004 S HUR PGB ClE, AERER LEA, S 20 HIMICH 20, 59 s OSBRI EM S Nz, 17
A (2009 Tlk, REWEZ L KOWIEEIIM L, FRHEEND SHEE S NIZERNE MU A = A LfRj7z &
LiC, ZLROBEBAEWBEORITHRELZC e ZHEE L. L L, AEWBIZEROLT A McahnTwa
cEeEMS WA, Fukuyama et al., 2003 B9 5113 & D EMERWIEIE IR R Uil L 7k 5.

3. BIRKRUC X 5= X LERE

AWFZE TLEFIEAAEBIIC X O BUGF S NIz ERIE 7 — 2 Z{Hif L. 20004F 10 H 15 H5 11 H 31 H X TlcRE
U7z, $94,7004 XY MTOWCERRE 2Tz, B9, Shibutani et al., (2008 & D HE & Nc—RyoH SRS &
B S E A2 FIV. hypmhiZ: (Hirata and Matsu’ura, 1987 & - CHIHIEEN#E % R 7z. XRIZ. Double Difference
% (Waldhauser and Ellsworth, 200\ T, TS DEFRDOHIREZITo T, ANV - OERE 72 B AHBI LI
IS FERRHERD 53R, #4,10017 N> b DOREBEOEBFRNMEZGFSEMNTE. 2D H 90WDHIEIC DWW TH
FEEAEDVKETT AT 0.08km PEE J5 I 0.22kmEAAIC KR E - 7z.

AN ZALRIT DOV TIE, Imanishi et al., (2011DFiEZBEIC, PgIEMMEIChIZ T P& T SHIEOIRIEEZ
FHOTHRE LTz, ZO4E. BRFIRNESNERED 8ENCH 5. £3,3007 XY FOREBD A H = X LRI DN THi
AT DREED 15 ELINICIRE T E 72,

4. AFEIMEOHEE

SHUR A HE TR ERREN S Sbnah -7z (LHEIEH. 2002, REDHICHE D X ARENEZHEE L
To. AEWRHC FEANIENA: Ul bk 35.35 K b mifll (21X, Iwata and Sekiguchi, 200208z fETxi g & L.
T OFEEN T A A = X RO TAELL L T B WL DO OMIERE (V5 AX—) BHBETENTE, REKTR
NZALRRH S LIS E DD T AR L. ZTNTNDT T AR —TOREOEZFRMEL S, FRD DI 7%
T (BZ1E, Shearer et al., 2003 5 D0 it A W& i oD 71 & AiE 2 HEE Lz,

5. kS5

ARG R OARES R T, ol s W= m I ENE T, Z OEMIEAREVEFEOHIICI NI4ZE U CMT
FROETINICEWN NIAPE ST ZNENHEE S NIz, — /. AEEFEOIMITIE, EMH NSOE DLW ERICH T
HWiEmAHEE SNz, s W & AEAE & OFFEE RS &, TRTD T T AZ =BV TREI REEME
A SBXZ 1.2kmDIEEF > THOM LT W5, £, ORI AEBRICKE W - EREWEE I THLD 2 tErh
RoNnt., KT, BEaWEgmoEr - @) 77 LY ALK D A A LEERSD, REX 1= X IR Ol
PEICDWT Kaganfd (Kagan, 1991 ZHWTHHMEI L7z, U 7 7 LY AfROTRD Fad. KRKEOWE D fnxEEE LA
I GERMBRARTTN) ZIGE L. TORE. AW XLREAD FRTH % 158 % FEH % Kaganfi B FHiOAR
BT RIRD 90%x L, Kaganfi D fADIEIE R AT 1001 ST Ehah o iz, DLEORRIZ, REDOZ L IFAE
FRCHEE N WEm E TR, ZORMMOBRMETRETVWA T EZRLTWS. XA ALEORXSDEI,
TN O MRS Z KM L T3 L EZ BNS.

T
BT URTHRHOE A REBHAC & D I NG 7 — X 2 (I @ CIHEE L7z, F. Waldhauser
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Earthquake sequence simulations using measured frictional propertles for JFAST cor

sample
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Parameters in a rate- and state-dependent friction law (RSF) are often determined by velocity-step tests in which the slip rat
V is stepped typically by a factor of 3 to 10. The test may yield a set of parameter values sydh, asdd., but it is often
the case that those determined parameters depeidiba logarithmically wide range of/ is investigated. At this point, the
originally assumed constitutive law is shown to be invalid, strictly speaking, and thus need to be modified. For example, the
experiments by Dieterich [1978] show that the rate-depend@figydin(V) increases a¥ increases, which can be explained
by introduction of a cut-off time for healing [Okubo, 1989]. Such a proposal of a new constitutive law with a corresponding
microphysical interpretation is a great advance in technology which enables us to implement a complex rate-dependency int
earthquake sequence simulations, as well as in understanding of physics of rock friction and earthquake generation proces
However, not all experimental data showing complex rate-dependency have been digested and implemented in a rate- and sta
dependent framework. In this study, we propose a simple modification to the logarithmic RSF which enables implementation of
rate-dependencied®f/oIn(V) anddf,, /0In(V)) that change with Ing).

Sawai et al. [2014, AGU fall meeting] conducted a series of velocity-step tests with a core sample obtained in JFAST project
at 50 MPa effective normal stress, 50 MPa pore water pressure, various temperatliré®m 20°C to 200°C, andV from
0.3 to 100um/s. They found that with increasing, the rate-dependendf.. /0In(V) increases from negative to positive &t
= 20°C, decreases from positive to negativelat 100°C and 15¢°C, and decreases more remarkably but stays positive in the
studied range o¥/ at T = 200°C. In order to account for these complex rate-dependencies, we modified the logarithmic RSF to
a quadratic form:

f:f0+F1 LV +F2 LV2+G1 LW +G2 LW2

whereLy =In(V/Vy) andLy =In(d./Vy0), fy is a reference friction coefficient at a reference slip Mtg F1, Fa2, G,
and G, represent rate-dependencies which are assumed to be given by quadratic functions of ambient tenfp enaddres
the state variable representing recent slowness which evolves with a characteristic slip

doldt=1?Vold..

Note that at a steady-state,- = L;;- and

fos =fo + (F1+G1)Ly + (Fo+Gao)L 2.

This is a generalization of the aging law, the original version correspondifg toa, F> =0, G; = -b, andG, = 0. We
determined the rate-dependency functions by least-squares method from the experimental data by Sawai et al. [2014], ai
investigated the consequence by means of dynamic earthquake sequence simulations [e.g., Lapusta et al., 2003].

In preliminary simulations, we simulated earthquake sequences on a planer fault in 2-D (mode II) problems with depth-
dependent, depth-dependent,, and a rotation axis to mimic intersection of the fault plane and the surface. Distributidns of
ando. are determined to be consistent with the heat-flow measurement and modeling by Gao and Wang [2014].

Without additional complexity such as patch-like asperities and high-velocity weakening (e.g., thermal pressurization of pore
fluid [Noda and Lapusta, 2013]), earthquakes are nucleated at about 30?50 km downdip from the trenéif wiingV) is
negative regardless &f, and rupture only the shallowest part of the plate interface. The nucleation is preceded by slow slip in
the shallower part of the plate interface whérfg, /0In(V) changes its sign with increas&sand thus spontaneous acceleration
to coseismic slip rate cannot occur. Effect of thermal pressurization and interaction of the system with embedded rate-weakenin
patches generating earthquakes shall be discussed in the presentation.

F—TU— R HEY A7)0, BRI BUEY X 2 L—2 3 >, BEESR
Keywords: Earthquake cycle, Friction constitutive law, Numerical simulation, Friction experiment
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Relations between wide-area gravity changes and earthquake activity
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fEHEII v a Y GRACEDT—2 /M5, 2002~20144E D MRIC I 5 —H T & OFENRERINEE) T — 2 2 {F
K UTzo TOENNEHEHEEIHOBRZANS D, 4 DOOHIK (f¥E « FV « FRY bk« TIAN) BEE LTz, T
nooOHEIC B 2 MIFEEE) 7 — 2% USGSHh H AT L. —H T L OMIEBRERZ X L iz, EIIET) L HiERED
BT 2110, Wi OFBEIBIRIC DWW TNz, FER. 7T AN TOH, 380VENS EIEOHBEND % &0 5 fER %
%7z TOMHENE, TIAHCBWT, BEHEEHHEES [ ERCTMOEDD AN X LPEET S EZ Tz, FD
AHZ R LOEHE LT, Ellsworth(2013y2 512, 2 DD/8%— > (HMIZEABEDKDOBEKRIC & 2 WiE D&/ D
IKOIZIBEIC K B WIEEER DAL F) I DWW TNz, ZORER, FRIHE X LB O 2 W ILE 63 FELUILTlE, iR R0k
() W X BEADWIEDIINTHEL TV ED TR L IKIEDRBDBBRIRATE 2 L EERE 2 N5 2 & THltE
FHIEEHCILTWE EEZ LGNS,

F—U— F: H), MBS, FrEE, KimieE, BRRATE
Keywords: Gravity, Seismicity, Induced earthquake, Surface load, Pore fluid pressure

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SSS29-P14 S Ry g ViR—)b FFR9:5 H 24 H 18:15-19:30

BEEEURBIEF DY 2 — R 2 &5 4 FHROBIMNEEE - 2 oREIcOWT _
Dynamic fluctuation of redox state during frictional melting and crystallization of graphite-
bearing psuedotachylites

rRA £E1H 1 ; Madhusoodhan Satish-Kuntar& & ;L 2
NAKAMURA, Yoshihiro™ ; MADHUSOODHAN, Satish-kumér; TOYOSHIMA, Tsuyoshi
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!Graduate School of Science & Technology, Niigata Universibgpartment of Geology, Faculty of Science, Niigata University

We carried out a stable carbon isotopic study of graphite-bearing pseudotachylytes to characterize the origin, role and be
havior of different forms of carbon during frictional melting. The study area, located in the Hidaka Metamorphic belt, exposes
metasedimentary rocks and various magmatic intrusions and are extensively deformed as evidenced by the presence of varic
types of fault rocks such as graphite-bearing cataclasite, ultracataclasite and pseudotachylytes. In particular, graphite-bearil
pseudotachylytes are observed in the brittle shear zones, which are a few mm to maximum 5 cm in width. They are mainly
divided into two types (Pst-l and Pst-Il) based on the occurrences, microstructures and mineral assemblages of lithic fragmen
and secondary minerals. The graphite in each domain of Pst-l1 and Pst-Il were separately analyzed for carbon isotopic compos
tion. Disseminated graphite in protolith has a narrow range-t€ values between -23.6 and -23:8(n = 13), and cataclasite,
ultracataclasite and Pst | also have similar values between -24.1 andedh.6& 25). On the other hand, the graphite separated
from Pst Il matrix on slab sections show values between -18.2 and %23r6= 16), shifting the carbon isotope values to %3
higher from host metamorphic graphite. In particular, there is a clear correlation between stable carbon isotope composition an
volume fraction of lithic fragments in each domain.

Our data indicate that metamorphic graphite in fault rocks were converted #@eG®O, or H,O-CH, fluids under very-high
temperature condition of frictional melting. Subsequently, a part of the COHS fluid re-precipitated as fluid-deposited graphite
and the remaining was expelled as COHS fluids into fault zones during quenching stage. On the basis of chemical compositior
and mineral assemblages in the pseudotachylytes, we attempt to estimate s # S phase diagram during frictional melt-
ing and crystallization of pseudotachylytes. The thermal decomposition of biotite coexisting with graphite and sulfide minerals
are deduced by following reaction;

Annite in biotite + 3Pyrite + 1.5Graphite = Sanidine + 6Pyrrhotites0H 1.5 CQ

The dehydration and decarbonation processes in this reaction are mainly driven by temp&SataredfO,, and the break-
down of biotite that is ferromagnesian mineral change the redox state to the more oxidation state at ranges/Afetit@en
+0.5 to + 3.0. Such highiO, andfS, environments are only observed in the domains which show relatively low-temperature
condition (Pst | matrix) during frictional melting. On the other hand, in the domains which show high temperature conditions
(>1200 degree C) biotite microlite are observed in pseudotachylytes instead of pyrrhotite. This suggests the negative jump t
biotite stable field of ASM buffer by lowerin§S, under high-temperature condition. In addition, we tried to estimate the redox
state at precipitation stage using graphite-fluid fractionation model. The difference between disseminated graphite and fluid de
posited graphite show the positive 263 shifting by carbon isotope fractionation, suggesting the presence offichi COHS
fluid during precipitation stage. Under GHH,O dominant fluid in COH diagram, we can explain the carbon isotope variation
of fluid deposited graphite at aroudd=MQ -3.0 by hydration reactions during the crystallization of titanite and hydroxyapatite.
Such reducing conditions are only observed in the high temperature frictionally melted domains (Pst Il matrix).

Thus, oxidation and precipitation processes of graphite are mainly controlled by the breakdown of ferromagnesian mineral
and we revealed that the redox state and TOC values dynamically changed within each pseudotachylyte matrix. In additior
our data imply that redox state in pseudotachylyte sensitively change in melting domains at rap§®4@£3.0to + 3.0 as a
function of melting temperature and bulk chemistry.

Keywords: Graphite, stable carbon isotope, pseudotachylyte, redox state

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SSS29-P15 S ay Ry gV R—)b FFR9:5 H 24 H 18:15-19:30

A A §;4’ ~ DEEERHEIC B0 2R & RS 1OR & mEifE b2 7 7 L— FEiFHE

NDF

TherEfr/]aI and pressure effect on frictional property of smectite: application to the plate
boundary earthquakes of Nankai

KR RO b PN f— 1 MR N 2 B A BAR8
MIZUTANI, Tomoyo'* ; HIRAUCHI, Ken-ichi! ; LIN, Weirer? ; SAWAI, Michiyo?
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IDepartment of Geosciences, Graduate School of Science, Shizuoka Univatsithi Institute for Core Sample Research,
Japan Agency for Marine-Earth Science and Technolé@gpartment of Earthsciences,Graduate School of Science,Hiroshima
University

WET L— FOVKEET L— b D RIS D IABIE AR TlE, WHEIC X 2 ERENFRE LT V. COHRAL S
L— FEERITEIC VT, 100-150°C DIREFIFAIIC ISV T AR 7 XA "HA T4 MCERT % T LA HERA FIRZ T
£I21DO08EE->TVAS. ELZOREMNELTNE, ARXZ XA F& 100-150°C F TEEBINIC 228 75268 GEE TR
b)) ZRTTEMNREEINS. Tz, ARXT XA MNIEKL, BT EEERFDIS, U OV TRGEEETT S 5E,
IKICBIRI U T2 CEBZITO M ENH S, LAML, EVEY OF o MEERRZ AW 24517098  (Saffer and Marone,
2003, EPSL; IKkari et al., 2007, JOGR, FIBHSMEOATITONTED, ZOEEOEEMEE (a-b) X, 30 MPall
OIS FTHEGLERLTWS. ZTTAZETE, KICBEMUEESE NcBWT, EvEYat A oY
DFEEEIER ATV, BEEGRIE &9 XD OZGE « NEGEMITHT ZIRE L ERIC ) OB 72 i\ Tz,

AEETHA LAY ViEE Nafler e 0) 1 MEHEYE TH 5. FEERCITEH a7 2 > 2 —3%iE O =il =i
BRI O A MGEMARICIE S AT D RENERRIGT] 10-70 MPa [EIBRIAIAIE 10 MPaT, 25-150°C, 9 X0
0.03-3p m/sTHIWT & B7z. BRI (1) 1 0.056-0.120D#ifHZ & D, 25°C& 60 C TIXAIMMEISII OB -
T, BESEEDD Lz, 90°CE 120°C TR AERIS IO tE> T, BEEmENEIN Lz, a-bld, ARNERS
OIS T, 25-90°C TIXERBSIICIEN B AN, 120°C TIXERBEMICEN B IEIC/E> Tz

EVEVBTA D piF, FITHRICBOTRENEG K EBICONTHENVNE L KRD T EAREN TNz, RIS
RiZ, HXHZE 10090 4 I TH Tz, TOTEFEEY IS A MO 4 1F 100 w9, ED DB Z1 x>
TemEMT 5. £z, TV A bDa-bld, FATHIZRIC BN TSR T, ERIC OBt > Tah» 51k
NEEBERTAHMZEDT EARENTWVS. —75, AFEERRTIE, AERISHOEICtE-> T, a-bfEMNIENSH
BRI BEmZER LI, 2D EE, BErEYOSA FDa-bld 100 WY FOEIKDWERZIT 5 ERERT 5.
ARFEFE R SEERST & abDBHRIZRILELMCB NV TRIBICE ENB T EAVREN. ThODREEERL
T, MilE T 7 DT L— MR O IR Y T 2RETE R TARA T 24 S Da-bADHEE R T> Tz, %
DR, A =040 EDEGE, A =040 HEBERE a-bld#HERILZ R L. cOT D, mEilE~T 7 OJEMEN
HICHBWT, AR T ZA MIIFIEEYE L UTIRD 85 T ehVREEIN5.

F—T—F: (LAARMWIE, 7V, JEREERAIEL, A X7 & o &, BNEER, BERO AR

Keywords: subduction thrust fault, decollement, aseismogenic zone, smectite, laboratory experiment, velocity dependence «
friction
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BT T 7 LT B LA m OIS &5 K U Vp/Vs LD BRI AR
Dependences of pore pressure on elastic wave velosities and Vp/Vs ratio for thermall
cracked gabbro

PUAS R T B T 2 2
NISHIMURA, Kaya'* ; UEHARA, Shin-ichf ; MIZOGUCHI, Kazu@

VEESRSE R BEEADTSERE, 2 BB H RIS ERT

LGraduate School of Science, Toho Universi@entral Research of Electric Power Industry

HIFEIRRAEIC K O . IEAAFRT O EHIRIC VpIVS LD WEIDMFES 5 T E VRIS N T3, fHlZx1E, Cascadigfl
HiAPi (2.0~2.8) (Audet et al.,2009). FifF s T 7tk iAHir (= 2.09 (Kodaira et al.,2004) FV ikHAHH (>1.8)
( Marcos et al.2012)7x ENZEIF 5N %, Christensen(1984) (3R Z KT 2 5 THEILREB LT RLI A
IZDOWT, EEE - SRR N CHMRGEE ZHE U BN FEERZTTO, HBRIED 4%D LRI L Tid, BUHES
BTESNZEW Vp/IVs LIS ERIBIE (RERIE) THHTZ3 2 Zmliz, —/4, MBEEN1%7Z>72FLS A4 T
WE IR T E RV, £7z. Peacoclet al., (2011)i&. FIRENE L (KAMETHS1ZE VpIVs Lt LB L0
BZEERL T3, LA L, WHEHRZRER T 2 50I1ICD0 T, WEOBZNEH Vp BX T Vs, 75 TIC VpIVs i
EDXITHETZMCOVTEHLIFARNENTWRW, £z, EHRAAL T L— FOBRIEHL . KAROWET L —
N CRMEHERHER I X > THMZ L EZ 5N 5, RIFETIE. 2K T 250 THHHL A HICDVT, B
7w 7 M U T e R OG22 KRUTE N CRIER. B3 K CRIBRIEZ2 il U 72 (KA THiti: 5 s i 52 5 2
1T, VplVs b & [IBRE. B2 & OBIRIC DWW THGT LTz,

AL, AV F2I)L - FRoHLAEZmE 40 mm 5 40 mmOMFRICRIE Lt D2 e, AFETIE,
500, 700°CC 24NN T 2 T LI k> T, BREEDORLZ 2B ZHE Uiz, /2. AL TOARWVEEIZDONTE
HIEZTTo Tz FMERGEREHIE (3B HIE TITo 720 7OVAY 2 2 L—2 THEH (E7%%L0.001 MHz  RIFEE A 300 V)
OBBEFZZRAETE, HOMmICES LI ATMOEBZE 2RI, SRRHIOEBRTHLOEERFS L
ANIHMEB ORI B JMERGEEZHE UTe, e =il EfEaBaE% TRIE T S0, AL TV awnatkls X U500
CTHEA L T23RHS DWW T 45 ERIFRIC R P2 Hes L. KRUE T TRl 4 751 CHtPERGHEE 2 JIlE U Ta DS
PEICDWTHRE LTz, ZOFEHE, 500°C T L 7ZitEHT DV TIE, EAZT NS ERAR 10 WDEWIH > 1z, F DOFEH
ZE LI, 4TINS DN T AN RS C O R S IR 21T > Too T OREEEIX 50 MPaT—E & L., [HIBR
JEiZ 49705 0.1 MPa% T M. ZD%% 49 MPaX T _LUF 2 G 1#FEE O fal gy THMERGEE 2 ]IE Uiz, 2 DOfGEH. 500
CTHIEAL 725 BHS DWW T, TEIRRE 49 MPad & &, Vp/Vs [id 2.0~2. 171k LTz, T OfElE, HIFERHHEE OB 5
THIE E NIz VpIVs LEDMEICIWMER & 5Tz, BIBRIED RV & ZICE VpIVs L e 722 D, GURINE O BIBRAM BRI
DIERTIED > Teh 6 EEZ BN, BEENEWVIE ERBREOFZEE KEL X3 LEZIONS, /. MR 40 MPall
TOEED Vp/Vs ELIEH 1.8~2.02/R L. RXUEFTOIFEREI D &< Ao, T, HIEICXD ., RN
MEfEES N, BROEIGENESS LECTEDRFERTH S EZ NS, —/5, TEAL TWiVatklE, MBREDZ kI
KU T Vp/vs HHIFBEGZLIER S NT . 15 TIRIEF—ERZ > Tz,

FEREHTIE, 700°C TR L 7e LiE O RSN =Ml E st Bk COFBRERICOVWTE RS PETH S, o, HEHEl
TICK D, BIEECHIORES EDOBHNHICET 2 MMZIIG L. BRI 2 TETH S,

AL ISPSRIFE: 2640049208523 1= & D TH %,

F—T—R: L A5, Vp/Vs L, Sk, ST
Keywords: Gabbro, Vp/Vs ratio, Elastic wave velosity, High pore pressure
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