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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.
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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 %
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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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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
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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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