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Re-evaluation of frictional heat recorded in the dark gouge of a megasplay fault at the
Nankai Trough

YRR JEA T BEEE CEEH L ) R 2 R A3 B O L i SR
MASUMOTO, Hirokazu* ; HIRONO, Tetsuré ISHIKAWA, Tsuyosh? ; KAMEDA, Jun® ; YABUTA, Hikaru' ; MUKOYOSHI,
Hideki*

U RBRR AR A BB A SR i UBR R A T, 2 e T B FERAE S0 2 77 B, 3 JEE AR 2 B A 1 24
REAERIL, 4 RARHAEEE -« AR Al

IDepartment of Earth and Space Science, Graduate School of Science, Osaka Unitarsitiy|nstitute for Core Sample Re-
search, Japan Agency for Marine-Earth Science and TechndlGggiduate School of Science, Hokkaido Universtfaculty
of Education and Integrated Arts and Sciences, Waseda University

Rl b D TR AR AHIENC K o T, 1944 s pgifp BRI TR E) U 7z L HEE X N2 ERI TS ORI ERELE 1z,
COENTIE, JRFTE L7285l (IR T D) a3, FATHIRICK 2T, ZTTOEWE MY F A1 M5 (390°C
@@W‘ﬁKMé)k474b AR ZA MEBEICBIT 51474 FEAROEIMNRESNTWS. — /5T, MEc
# - SrRNIALE M ClE, [AHA T DICHB W T 300°CEIBZ 3 AR EiREEMIHE N TRV, TS D TiEM
DOFJERRIT B 121, A TIE, RGP EE 8BV T, BiAR X #2114 - RockJockiitT % w7z
SV OE RN, MR TR » SrENMALL T —2IC B 2 @R - SOHEBEERAOETIVEIE, BIXUREVORN D
Hothizitolz. FOR, BIKEOH TV TIE 250 CEBA D RARBREL TRV EHNHLMNICE T, 51, X
ATZA L - ATA MRICHHIFERHCE EZ Z 20 E 5 WM 2Z2WMEET %7291, %rg AR 722 92 U 72455, #9 400°CD
E—REZEDREVNIIVATIE, 15910 MUIZIEEAEETLENWT EHAWERTEZ. £z, E MU T A MO
ﬁﬂ:cvx*@i, BEOREST, Bl X 32bE ROLITHIZE LLJZO’CHHBb‘bLé*LGO%% DLk, 9XTOMHE
AR EHNTHIMT BE D, BEIREAY Y OBEIREIX 250 CRIETH S LERDIT B ENZUTHAS. TD 250
CX&@%ﬁEF@ 0.01- 1 m/sDig VD HERNT LIzE, AT 80 mDig v HElcAHYS T 5. Hixs IEhETiRE
DHREL O P TEETH SN, HHIFLETIE, 100- 200°COIREHEKIC T 28R RE T aF N E LRV
B, HLV., THUISHBOKRELHEE SR 5.

F—U— R wilg b 7 MERFEA A, SRR, S n R, iETTER, XRREET, ARSI

Keywords: NanTroSEIZE, Tonankai earthquake, fluid-rock interactions, trace elements, X-ray diffraction, infrared spectroscopy
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Roughness of fault surfaces over a length-scale range from nano- to milimeters.

FEFH SR TR 2 2 A SRS M S
KISHIDA, Minori'* ; MIZOGUCHI, Kazud ; TAKAHASHI, Miki ? ; HIROSE, Takehiro

VIRERE: B« PEEAWEIERE, 2 MARREN BB RTEiT, @ PESERRE S IFSEHT TEINTE - HIEERTIE - o 2 —, 4 NI TGk
NHEEIFERAFERERE e a7 9T

IHiroshima University,2Central Research Institute of Electric Power Indust@gological Survey of Japan, AISTKochi,
JAMSTEC

Wi R ORAR I WG D )77 E B OFRAEIIERICRZ BB 2B XIE T, Ko T, WEORIKREZHET S &
. HIEREOBRZMIAL T ETIFRICERETH S, £ T TRMITIE., WifbRmORIREHE & Wi O )7 7258)
ORISR ZIHSMCT 5 2 HNE LT, FTRABIUEBROWIEROF /D IV A7 —)VE TORIKEE
M2 & BmICEIR T % T D DFIEOMHEN 2 ik A Te IIRFFEMATICIE. Q) V> 7T XaDH A s aikichi@Ed %
Corona Height#i/g. (2) St/ AErEmiEE R I NRERTT O IEWTEESNIC X > THIERICEN /2 HFIRETE O 2 DO
Rz Wz, BB () &, A TIPS K > THE R ORISRV FE L <IXENTEH L EENE-Z 0D
Mo TWVBEITH 5, ikl (2) 1k, HEREAERICIRNEINIZEDTHD ., HIEROWEHROIRERN K RIFEN
TV EEZBNS, EEL0MENCE. HIROD 2 WiEELMICH & ZiE & B OSBRI N,

AWZETIE, ThE CTHEMCHFIT SN T A >7%2 1 nmh 5 3000pum DO A7 — )L TOWEE O IRE, HAE ST
# GHUAS —)L 1 0.1573000um) &EE T o—7#MEE (1750000 nm ZHAEHES &Ik > TEHILTz, B
IREHNE SN TAT LB T B TR TR > Tee RTIGIRFHEDMEITICIE, /ST —AXRT MVEEEZ VL, N—XA
MEEH &0 S FERIC K - TR 2 8 BT LTz 2 ORGSR, Corona HeightdfiE b 5 I SRR TE R J5 0 T Hy
=0.73+£0.010 7 /M THp =0.8140.012 A IRIiED 513 Hy = 0.8740.013 Hp =0.9440.014 & WV S FERM
SNt —fRIC, U HATRAMDITHERT 5 MK D/NEGHZ/RT T ENFIBN TV (e.g., Sagy et al., 2007)
CHUIHTEZENI DR ZE K RBICDONT, BMEEIC TR MR O MDD BN /R S T &Ilixs C LICKRT 5, A
e TR 72 @4t L 7z Corona Heightdfifg > H A IRWE X, Hy & Hp WMIZIEFRICEZ /RS T e h 5. ThE TR
FEED T S N C X 72 L Lg% &, WiEDENNEZKE S BORBAERTE TH S, & U IS THIZE Tl
ENTTEM > LnmbH 5 3000um DA —)V TR, INODNHETTLTEHYy EHpICBBELREMECRVWEWVWZ S
ME LNEW, Candelaetal., (2012%. KIAD 13EFTOWIED S, 50 um ~ 50 km E TD A7 —)\WC BT 2 Wi HEIR
ZRENT L. CORT—)IVTHIEHEIIRREE 75 7 2V Th 0, ZFER Utz L 5T ERULTWD, T OFERICARISE
T LI T — 222 310)VS 5 &, BIxZMETH DD DRI — )V 5 ICEhhbE T R n—Ez R Tz,
TDT EML, KROWBIHOEIRFEE nmbh S km X7 —)VETT S 7 Z)IVEERE T A5 Z LA Eino Tz,

F—TU—F: WilEm, X, 757 20, N— X ME#
Keywords: fault surface, roughness, fractal, Hurst exponent
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Evolution of fluid transport property by dlagene5|s in basaltic rocks from the Shimanto

belt, Southern Shikoku

W E YO RS2 mE M3, W& BRI 4 JbH BEAR3E5
TANIKAWA, Wataru'* : YAMAGUCHI, Asuka? ; KAMEDA, Jun® : TADAI, Osamu : HATAKEDA, Kentaro! : KITAMURA,
Manamp?

UBTERFZE B FERN S 0 0 77 DRI, 2 SRR ARSI ZE T, 3 A AR 2B P A2 b F RS R A, 4 MR &
) IR AE /I PAVIRNIN -V -

LJAMSTEC/Kochi2Atomosphere and Ocean Research Institute, The University of Té@raduate School of Science, Hokkaido
University,*“Marine Works Japan Ltd>Hiroshima University

2011 DL A HIEE Tk, 7 L — MR T somIc B b7z 5 KERENZ ED TXOHBET
7T LIC KD RERHBEKENF SR INEEEZEZLONTWS, KENEF SRR ULZFERE LT, (1) HERDY
L— MW E OBER s LiERE, (2) 7L — MBIFES Bk?ob%%’»ﬁ'ﬂﬁﬁkf@i%bmdﬂm BEDK FHRET 5N, (2)
DORIBKIEE FREEZ AN ALE LT, IWARARIHES 7 L— MEFUEEOYIE ORK G & AR AE S FLER
AEEBLCBEKEOEIEHEET ENS, ZT T, AW TIEERE N 7THIENEO T L — MR O T L— M)
Haexge LT, ffERIC & &7 5 /KB E D Z b & RIBKIEFREDBIRIC DWW TER L,

AR Tl B R O R IMAR OFAGUREEDN RR B £ 2 5N v MEA E ALDO LR EFE Wz, Bl e
PALORIRRHE, BXU PIGHEIZZNZN 1.4 % 6.4 km/sBX U 2.1%E 5.9km/sz/Ri L, £z, STEHEDENIFED
5NN 5Tz, K AIEIC X O BIBRED A ZHE LIS R, 0.01 p m LR OIEFITARO S ZHf > TW\Wa 2 &M
ﬁ%a XN Tz, BKREOME X, Bl FTHE 1~160 MPaf TR T ¥ TiTo 7z, MR E U TERENT A2V T,

AHRBEEMBICK D EEEH LT,

I—J UHE R CHEBRAEAZL S THARBRBZRET % L. BBREORAM N U TEKEED D U Klinkenberg
SIRDBDE NI, £ T T WE LT THRZERE FHEBREAAFEZ B KlinkenbergD 72 FWT HZE/KREL I
fliE UTzo fliE UTe T@/KREL & THAREREY LU TR 12~ LA MEZ /R LTz, ARIE IMPalki D% /K%
BITAR T L OEWVIEEED SN, 10715~10"1m? Offiz/R Uiz, @/KREEE BN A U, AR 100MPa
IZBWVT 107 18~10"21m? Z/R L. adRlOEWVIC K 2 BKEDBODBEZICE N2, £, ALOKRR AR —FK
WK REZ7R L. 100MPaT 1072im? Z/R Lc, —77 RO XA NS 100MPaT 3x10719m? T—&HF &gk iR
B Ulzo EOWBEKREOGEILINE BB RE KR OEEZLIENZ R TIELTE T, FEE-2~-3 2R
Lfco —J7. EWEKMEZ R UTzaRHE. Gangi (1978 AT L TV 3\ )Ly Offiiim 2 5 Ul i it

%o FWVIBEKMEZRTHAFHIEINENEEL TN T 5, BTN 2B /KEOBIRHREOZI LD &
HNHOMMEIRDZEMWKRESFEL TVWBREDEEZLZ NS,

AL THIE UTe S OB /KIREIZ Kato et al. (2004)CHE TN TV 3 BUROKIERTNIRO LA X O & {EVEZ
RUTz, %7z, Juan de Fuc& Tonga-Kermade® X% (Christensenan and Ramananantoandro, 1988L#% L T & 0
BB MEZ R U Tz,

BTl BesIERNCHE S RIKE DBk KT Z Dot DZbIC OV TR ERIZE SN TWE, &
72U, WINOZEREAR S IEFITHEOVBKEEZ R LTz e b, HTIEHERE U FBIKEISICHE S A DMHEIC X
5 EBKEN AT B ATREMEIE TR E A BN 5,

F—U— R BKGREL TR, SO BRI, TR AR, rEilg - 5 7 Hi5E, XWilE
Keywords: permeability, fluid pressure, diagenesis, subduction zone, Nankai Trough earthquake, basalt
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Effg'e/cts of thermal cracking on elastic wave velocities and Poisson'’s ratio of basalt, gabbre
and granite

PO R Yy B E— i 2
NISHIMURA, Kaya'* ; UEHARA, Shin-icht ; MIZOGUCHI, Kazud

VEERRCEIAES, 2 AN & g
LFaculty of science, Toho UniversityCentral Research Institute of Electric Power Industry

HhEW 2 O T2 EEARIC K D . TRASABGT DRI R 7Y VD @O iE (> 0.39) BMEET S T &S
NTW3, Christensen(1984) I fHRE FICHK T 2540 THALREAEIC DWW T, mEE « SRR N Chiitt
BHE B K ORT Y U ERE L BNERZITO, COREKRY Y VHIEERBRITE (KEWE) THITE 2 &2R
Uize TOX S HEBEBRIEDO DL, AR HTO T L— NERWEOETICEEER 5 X2 % EEZ 6N, EHZRT
TW53, Christensen(1984 DOEER TR AEAREDHWENTZ, LA LAENS, KARDEA. FICHERI TR
—RINCBHENTENS T ENEZEND, TV o NGRSO OMMERHE (PR, SIGEHE, ThZTh
Vp. VS) BRURT Y VI o IKDWTHHETT % T &g, HERGEEN SH R ORBRTE A2 #Ed % L TEETH 5,
CHEREET ZICIE, Vp. Vs & ERIBITE & OBIREFEERIC X D MEET 2 08B 5, 7T TAMIETIE, TLHARIER
DR 29 2T TV ORMERE RN IS UCRIBA . ZO%E 5L U iR RS % T ER A a0
THHHMLAE, TG, BRUOKEMEZREKRT 2RENTEATHHEREICDNT, AL T (100°C. 300°C,
500°C, 700°C) WM EERE BTz BT Ty F 7)) AaalROKRKUTE T COFMERGEENIE SRR Z 1TV,
HWEEANDYT T 50 T OFBECONTRKRAE L, COLE, NI L T 5, Fi, 700°C TR L&/ LZ DA
Gz/K TR S B, MRS NERER 21TV, I E S O BB A IS DWW T ORGET & el dr 7z,

HEROFER, FEAICDOVTEIRTIRAT ZICDONT Vp, VsHIEL KD WS T ehghoiz, £, HELHIET
AT ZICDONTTLbINTHEHI/NEL LD, KT 500°CH S 700 CNDREDOZLNGEE TH ST -1z,
INKY, EERTINEAT IS ONTEADWNEROBZLELFE AN U ZEBRE 2 | T OZEBROBEINA M RGHE 2 D> LTz
FHRTHBEEZOND, Tl K7V VHOfMEIZ 0.05~0. 25 E Oz R L. BlENTZEmR7 Y VEEEOIE LT
W& O &/ NEWVEERMED Nz, o, SO K TR B EZR TR, 2RMEENEL K3 HEnEER S
nreH, WHEEON S ERODGTAR DI L, EBRY AT LB X CIHIEGAID HiEORBNRERE L EZZ 5N 5,

F—U— R RV VL, EEGEE, sk, ila, )L 1A, ftida
Keywords: Poisson'’s ratio, Elastic wave, High pore pressure, Basalt, Gabbro, Granite
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Frictional property of rocks in the Izu-Bonin-Mariana Forearc under high temperature and

pressure conditions

SO S T S ISR 2 i S 3 R LR
HYODO, Gent* ; TAKAHASHI, Miki 2 ; SAITO, Saneatsu; HIROSE, Takehird

VIRBRARZZBGEE AW RIEREE o AT LA, 2 MVATEBOEN ESERARRE S I ZeHT ThWTE - iﬁj;;zlﬂn%z/&—
MSTATBGEN WEEERIFLRAFERRS, 4 A TBAE N WEERTSE GRS &k 0 7 WHEiT B W= e 7 )L — 7

IDepartment of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima UfBerdiigical Survey
of Japan-Advanced Industrial Science and Technolddgpan Agency Marine-Earth Science and Technoldiggchi Institute
for Core Sample Research, Japan Agency Marine-Earth Science and Technology

BIBCFBHONMET 21K L— DRI, 70V EVESL— b ERPETSL— EDLFHFAAL TS, FHCHILH
ANV H AR LA 3A T 47 &3, BIRICIE 7 V€V L— MCKEFET L— DAL T LI K > TIEK
ENfFE - Rz - U7 FEI (IBM) DMEZE « EARAA TV EDNRKERFTHS. ThE 3DDTL— FEEF
BXUTL— bAETIE, BIRAKERZT & LIZERIED SER LS TORAn—HEX T, SHRGHEFRHN
MERENTVS., Au—HiElE, BEARMEER O M GO AAL 7 L— tEEFUTIH - 7 ERITR O PO T
FA G 2, BIREA TR T O K S GHENE & IEIEETED XD B E) DS LA N AT DI IE R CEREE (SRR ESRAT)
TRELTVASARENDD 5. HEOFRAICIE, MBKESWE R O IRE £ DA RERNEF LS L T0E D, A
TIEBIRICILAAAL 1BM sV HER T BBk 2 7maa DEBRHEICEH U, ZDEWC K > TR TRAET 2 2HaE
LIRS 2 2 EZHTEL TV .

Z T CARWIZE T, ODP (Ocean Drilling Program Leg125 (Site784, 786 THINE N7z IBM 57z iK% £ %k 518
¥ (marl, boninite, andesite, sheared serpentinite and serpentinized)d@nit€@50 u m ORIFFIC/R 2 K 5 ITHIREL,
Z DFERR M 72 FESERARRR S WIS ATIC RRIEL & TV B i [E A A TEX = liliadiigl e © O TNz, SHRGITHE, S
300°C, Hft 156MPa [EIl/KIE 60MPa IZENGEE 0.1B KU 1 u m/sTh 5. FEEEEROFER, sheared serpentinite
serpentinized dunitel & i BEERREDZNZEN 0558 0.35-041TH D, EEOMEKEMEIZIETHE T bz,
IR X KREHT & F < > Enhnc X - TRE LTz & HTHEY7Y, sheared serpentinité antigorite serpentinized dunitik
chrysotile iowaite TH 5 Z &h5H, TN 5 DOEEERHEIX serpentinitdc B3 2 BHFOHERFEHR & X —HT B2 &b
Mo fzce —75, marl, boninite, andesite, INDHE 1 p mSICBEVWTRAT v 7 « AU w THENSE T LD T
l2l, TNBRT w7 « AV TRHERTRONSEE L3RG, VT A XX A LMZNEN 3.9,9.3,10.8 sec
CIEHWICEL, AU—RAT 4 v 7 - AU S XRTENTELXIBIRODEHTHS. TOXIBRAA—RAT (Y
7« AV T, THE THESRCIACE O i FICBU 2 BB THEES N TV 5D, ARWFZED X 5 I HERTA O S
THRINZORIITHTTHS. EREKHHBELNTNE D, REBRERICOBRIE DN THETHET ZHEOL
B2 5 DI LW, 91RO KD BRI T NDZBEHN ED K S Tkfh, FICRESRMFICK > THN S D
EHLMCT ST LICK > T, R TRET ZHEOREEZYEAMEE > TOETZL.

F—U— R B PR V- ) 7l An—HE, X7 0w 7 - AV w T MRS
Keywords: Friction, Izu-Bonin-Mariana Forearc (IBM), slow earthquake, stick-slip, earthquake
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%%é%ﬁ%}gﬁw% RL T4 b ORI O EEZA L & BRI T OJE R EYIE
ZAamEE OB

Tem[;%rature—dependent frictional strength of dolerite in a nitrogen atmosphere and it:
relation to amorphous material

FHA ARB b5 FTE fi— 1 I A— 1
TANAKA, Nobuaki** ; WADA, Jun-ichit ; KANAGAWA, Kyuichi!

VTR AR AR B A R
IGraduate School of Science, Chiba University

Noda et al. (2011, JGRY X 2 ¥ sifE 2 Hilfll L7z F L 51 MRl OmRsIWSER (FRENS ) 1 MPa, 203 1 cm/s
Zi~1000°C) Tld. EFEMEMOIESEWME S &L ST O @SRRI F LT A b OBEEESEE O EMIRIREZ b
CHHBDHZ T EMIH LIz, L L, H FOREIZRGHICIZ RNz, ERTHEI N X S 23 gkt o mikg
(R BN TIE R,

ZCT. Nodaetal. (2011 [H U FL I MidklZz, R UM (@EEIG) 1 MPa 2053 1 ecm/s Zii~1000°C) .,
HFFAT (BBUEE 0.19602 ) THIEREINFERZ 17\ . Noda et al. (2011055 & HHiig Uz, SR CldatkElmhiE
HARBEIC 72 % & T 100 mEREANT & V721410 20 mEREAN S8, BED T — 2 EHG Lz, £z, FBTHRLN:
EEFEYIE 2 250 um D55 WIS T2t X AREHT T a7 7 A )LD ¥ — 7588 % iV TIOR3 #2175 2o

TEHIRREIC 3510 % BEEYR AU . FiRI KU 200°C T4 0.47. 400°CH KU 600°C Tid# 0.7, 800°C Tldadklodfiis
NE L EFIRENMESN T, 1000°CTIEMN 0.9 TH -7z, FEFEMETOIENEME G A RIE. i TH 65 wt%, 200
°CTHI 70 wt%, 400°C T#J 60 wt%, 600°C THJ 45 wt%, 800°C T#YJ 15 wt%, 1000°C T 0 wt%C. Noda et al. (2011}
RIS LD DN Tz, —77. BEREMETM OB LY oA BICXREIC X 2 HREZEEED 5 NEh > T,

Noda et al. (2011 K&HDEERTIE. 800°CLL TN DIRE CEEESEE L IENEME S E & & OMICEOHBENZED 51
Teh, SEOFERTEME FFICE > TEERENEA L, IFREMESEENRAD T 5NN, Lk
N5, JEREYMEEHEEDIH 5 W% MEDZVEIRE 400°C TEERZREIC 0.20L EOENED BN, FHERGENIZ
IZ[H L 400°C & 600°C & DR TIEMEME S A &IC 15 MW RREDAENRD bz, o T, RLT A b OEEEEE
JEEME S A BOMICIIEENZEGRIERWEEZ BNE, BEERE OREZEADEBKICIZMNICER L TW B 00
DNTIE, BUERETTTH 5%,

F—T— R RS b, BRI, BFENE, ST, ST
Keywords: Dolerite, Frictional strength, Wear material, Nitrogen atmosphere, Rotary shear experiment
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KR THEEBEERICI T A AT 4w 7 « AV T « ARV SO RTIHEERE
Observation of 2-D rupture propagation for stick-slip events during large-scale biaxial
frictional experiments

o EREE T 15 A L 2 R K2 i 43
TSUCHIDA, Kotoyo™ ; KAWAKATA, Hironori ' ; FUKUYAMA, Eiichi 2 ; YAMASHITA, Futoshi? ; MIZOGUCHI, Kazud

VATARRHREE, 2 B SR AR 22T, 3 # R BSET
!Ritsumeikan University?National Research Institute for Earth Science and Disaster Prevetientral Research Institute of
Electric Power Industry

HIERARFEOET IV & L THIRFE % —DIC Ohnaka and Kuwahara(199@) & > TIREE N T L AV » TETIVH
BB, TOETIVTIE., BHELEFREENBR (HE) OKEICEVILES 5 2 EARENTVS, L L., BiflhSidh
BICHITT 2T LAY » THEIEHKICITIZ 5N TR, Ohnaka and Kuwahara(1998), bkl (Fm) TRHAIL
TeB ORIV T, BHERREEE 2 — DO TNC R Tz —ROTOMBRIEEE 1. ZERINIAD D 2 Z T BRI B
OWHIEEREE 2 /RT, S5, MBEmICBIZ5HITH 2728, RRDPFEET ST &I K> THZ BEADFE
BHMETERY, Lizho T, BlEE " XTIciEZ 2 2 T, BE LAY v IPRHEICH U TRZ SN TRV O
N TS 208D D 5,

fEILED (2012, 201312 74) 13, A— FIVAT — )V O KBS a2 O Tc B Al XD 2217 - 7o, AL T
. RHC, B TIOOTIICIEZ B T28, AE & Y —NUET — Y EREINEICHEIRICEE X 5 &V D Hifcizildr 7z
U7z oFER (RiiZhy, 2013 HEYE) 055, EMUE (0.025 m/s THAES N/z35 (LB03-009 TrIIE
NI INBHEIC X 25 N OB O ERZ I, BORLURETEZ AT v « AV v T« ARV SO Ryt
ERFEMEIT 2 L LI, ANV OIS DOV THHNT,

SZERIE. B SRR SR ATA O KBREN & 72 VT, Bl 1.5W X 0.5D X 0.5H m*, FMH[iC 2.0W X 0.5D X
05HM OA Y REF Y TaflziidE L, BARAmICE Sz GELEh, 2013 EY2), sHlllciE. AE &Y
EBT—=I AWz, AE Y&, MR ONEICE X (W) /51 150 mmfikE T 8 7 Fr, ¥47E (D) /5\ 125 mm
MIBR T 35I0DE 24 7 FRICHi A E N, WHIOMAIH 8 7 A ™DIC 75 mmiER TR O iy BNz, Fie. £ —VIZAE L
> —ERRIC TR O NES 24 7 Fnic #ldiA ., mifllOMIE 12 7 Fird DIc 75 mmiEkE T D FiF 5Nz, £z, F
RHCa— R )L 2 O T V7 OERIGT) &8 AWNS I B EHIIE Nz,

T HIZE A (2013 HIEE224R) 13, IR ORI 5 STHHE K D HBOHE TIRiB T 21 2R Lz, TOWPHNA XY
WKES>THHEINZEDTH B EE L, KEEiTo RO EREMkD Tz, ANV MHE, RIS HICRT 58 A
WIS DLW E > & BX R LIeANY b aBHIC, mif &% T, £ 10 mstEE OB TEHREED b s 55 8. 20
MsTEELINICEEL L T 1 DRFFET 2L BICKAIENE T Lo T,

ZTTARWIRTIE, ANV DOHZRERHEICEH L, ZTOBROEZICOWVTHGEG Lz, £9, ®FFH., 2chdE
ZALOREZHWRET 2 728, 1024[sp] CHHET % T & T/ A AR WS, & chiBORF A2 L2z, ED chiciw
TE. 7NV T D BIRDIZEBYRBOZ L ERREIC, ANV RDERAIVTICE LWEEK AR LNZ, Fi, 1§ 100
mm OARHC BV THERR S Nz (EILIE A, 2013222y 5 1IIE D, 2013HEY2) D E[ARIC, Z DEFTICHIPER 2
PEHIEND - K D & LB NIRRT, —). 799V 7 OB AMISTICE LA R ENENARY ML Tk, &
=YD TLHEELRZ IR SNT, MK TUNMEZA NGV S Bid TN RIEND - 122 E PR TN
%o Flz. EEEPICBO T slip BRIOBEEBIRBORKMEMNZIEE LR 2D L, ZERBEOEDOEREIZIFIT—
ELRDEE, WMINUED 2568, W3 255 M4 T, BEEORZIARBNEICK > TRES Z EMNTho Tz,

RIS, ANY MBEDOEZbZFHLL BTz, ANV M EET 1BOEEbE Rz, BEREZEDR S NIRWVEE
AT OB ORI LT H BB FINIZ L T A, BXZ 4~8[sp] CHEEN LB C Litbh b, ThEk /A XD
HEEIHTH 2 LWL, F% &% 57— 280k 300[sp]E ThioTze ARV R EIZHK chDBLEIERZE T A, b
PR O TRNENTZ 282 —2 DAY FOW, §REDOH B ANV MTBNT, BN ANEME RT3 (BX
% 1~3ustrain A\ FBECERTH LI 5 BT EHNED > D EERELTHEDHRR LN, TDOXRATDP->
DELTeANRY M ZRDIR L., FAANTIIMEIED IR L, SR AMEDK T, &b b, #NGEA Y MOGELT
W5, OB N 2RI, COEEREANEDK FOBRKRUZDEDORLERBEILITHIGL TS, 5.
T ONEDBHE S, RO, hET % /5 &k m OB (E) ORkE. #MER & OBHRIC OV THRGETT %,

AWFZEE, BiSSRFEERAZEAT 7 0 Y = 7 MRS THGEISE OB REARBATE ). Rt E M g mse (B)
2334013108k %321 7=,

F—TI—FR AT 4w « AUV T « ARV, BHEERE, KA a5k
Keywords: stick-slip event, rupture propagation, large-scale biaxial frictional experiment
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The experimental study about frictional instability of fault gouges in terms of Rowe’s en-

ergy ratio

T A B T L R et
HIRATA, Momoko'* ; MUTO, Jurt ; NAGAHAMA, Hiroyuki !

VRIERY: - B -
! Dept. Earth Science, Tohoku University

1. Introduction

The stress-dilatancy relationship for granular materials in a dense packing state was introduced by Rowe (1962). He use
the energy ratio (K), which was the ratio of rate of energy dissipation in the direction of minimum principal stress to energy
supply in that of maximum principal stress. According to the concept, K shall be a minimum and constant value (Rowe, 1962).
However, there are many questions about the physical meaning of K. Therefore, the Rowe’s low has not been applied much fc
fault mechanics until now. Nevertheless the stress-dilatancy relation is related to the onset of frictional instability, it has not beer
clear yet. So, we conducted friction experiments using simulated fault gouges in order to confirm whether Rowe’s law can be
applied to fault situation or not.

2. Methods

The friction experiments using simulated fault gouges were conducted in a gas-medium apparatus. The confining pressure wi
ranging from 140 to 180 MPa. We used a cylindrical gabbroic forcing blocks (20 mm in a diameter, 40 mm in a length, and cut
by a 50 degree from their cylindrical axis) and quartz gouges were sandwiched by them. The sample sustained loading initiall
and holding at several values of axial stresses at 190, 450, 640 and 800 MPa. The strain rate’vigslfi®rder to measure
strain, three strain gauges were glued onto a gouge layer through the Teflon jacket. Another one was placed to a forcing block |
a vertical direction and far from a gouge layer. Data were recorded at 2 MHz.

3. Results and Discussion

From our friction experiments, we obtained K of gouges at different confining pressures. K is given by the ratio of rate of
energy dissipation i3 direction to energy supply ia; direction, so it can be represented by the ratio of output energy to
input one. We obtained strain of; direction from three strain gauges glued onto a gouge layer. Simitaslgnd strain of
o direction were obtained from another gaugg.was the confining pressure. Our results showed that the output energy was
the linear function of input one. K increased with confining pressure and showed a certain constant value at each loading an
holding stage. Moreover, the change in K was remarkable at the final loading stage. In other words, the output energy increase
suddenly because gouge particles began to slip. So, the change in K is large under high stress, including just before unstable sl
It matched shear localization (e.g. Logan et al., 1992; Marone, 1998).

Because K is represented by a function of internal friction angle, we suggest that the change reflects the process of microstru
tural development. It implied that the statistical particle arrangements of gouges changed at each stress level. After gouge
become a closest packing state at the peak stress, the grain size reduction (GSR) of gouges occurs leading to the developm
of shear structure. Under GSR occurrence, K became a new state. From previous study, it is known that the microstructurz
development has a close relation with frictional instability (e.g. Logan et al., 1992; Marone, 1998; Onuma et al., 2011). During
progressive shear, the angle of R1-shear developed in gouges decreases with cumulative slip (Gu and Wong, 1994). Hence, |
change in K, that is to say the change in internal friction angle must be connected with not only microstructural development bu
also frictional instability.

4. Summary

From our experiments using simulated fault gouges, we obtained relationships among microstructural development, frictiona
instability and energy ratio of it. We confirmed that the Rowe’s law could be applied to simulated fault gouges. Therefore, we
can assess frictional instability in terms of the energy ratio based on Rowe’s law. Systematic laboratory observation provide:
better understanding on energetical or microstructural consideration on the shear localization and seismogenic process.

Keywords: frictional instability, simulated fault gouge, Rowe’s minimum constant energy ratio, friction experiments
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BOIRTAY v T ANy b ORAEMROR MR -EaLE - \HLFEEM AT —
ANV LT - _ _
Temporal evolution of slip event probability -Case study of slow slip off the Boso Penin-
sula and the Yaeyama Islands

= HER
MITSUI, Yuta'*

=iy Neaasiahsy it
LGrad. Sci., Shizuoka Univ.

FRC T L— FEERUC BT, ZEHICINI U TRET 2 IO ARV b (HIE - Aun—RV v 2N &, EEIMICHES
IT55EMH 5 EHSN TS (e.g., Nadeau and McEvilly [1997], Matsuzawa et al. [2002], Rogers et al. [203JLi.
TL— MREFICEREINICOT AN D HREME 5 LRNE NS, &S Bl K FEOBER DR LINIC L D 7> T
W5 EZRLTNS,

EBEAA, ANV FORED IR LRI B R TR DS 2 DU Tld s, KROBSTHHLLE, o
X FRICHROTRO ARV M EHKHEZ LR EVHEEZ BNS, FHCEINZWIEREEA S thEOSEIC T
OMEMIETRNIET TH D, EERIC, WBEORE DR UBRED SHEE XN TO R EREL S KE NN THIEN R 5 /2
EWVSHBIEFEES % (Bakun et al. [2005)) H7z, HEZIAMVZL THEHIL TVAS X SICHA S ANV FTH, A
DEARMBICKRELSFERZZITE LV T LT 1§25 DT (e.g., Uchida and Matsuzawa [2013pREraYIEEE 7V
IKHDWTANY N O#ED IR LR Z EBICHERT 2 DI TREETH %, 2DT D, ARV FORDIKR UM
b7z Rl % 7o DICHER MM BN TE T,

ARV MEDIRUEHERDA TS BRI, EHRICARY FARE LTI EREMRIZE S THhHoT=h. EWVI
NEETHA 9, TORICDOVTIE, TERO X DIERZHGRIEIENT I HEh o7, AWM TIE T HUCHD TS, 5L
LT, BOBRLUMBRBNVENAT—A) W FARY MeERC & & Ui, BARMICIE, 20144FEIC A Th S ERE LR
PEEMDO AT —21) v S Ak (Hirose et al. [2012]) /\E LFEE O A 0— RV v 74Xk (Heki and Kataoka
[2008]) =& ATz, HERDE LT, O ETHHERT Y U hZziE L. A XY a0 Th % BREER%Z 100%h
55, LW TREMRRZTMTZ L Uiz, EHIC, 1EAXRY MHEC 5 T L ICEBEHERIE 1004k 5 & L
Too RTV UNHDINT A—2 TS FHIE DR UMBRIE. #ilRlE TOANRY MMEDIRUOEAFHOfEZMES T & &
L7ze ULEDREN S, EREEM e \EILGEEEMCB) 2 20— v T4 XY MEEFRORMFEREBS T &N
TEDHXIWHEoTe, TNZEBEDARY MRELHBELEDES LT, BRERIAETH 5,

9, MO V\HEILGEEMOMRZ2ELT %, NEILFEEWTIE. 526105 B, FEEMRD 50% i 7z 75\ ELRE
THAELIARNY MESHTH T FINHARY MIFET 5 E DD, 2RO 8 N FAEMRD 50%EiHZ ThH
FAELRT EICED, —). BEREEMTIE, G505 B 2MDA N2 M, FEEMRD 5000 iz 75O B THE
L7zo TO2[EEBD 2011VFERIEBORICHAE LAY R THB, TDT &I, Hirose et al. [2012p 6 L7z &
1T, HILHEBIC K2 EHLOMBLMINTE S, UEocEEFLH D L, FlORT Y VM ItD < MR
TlE. WERD 50 Z HVERBECTANRY FPEBHICHE 2 T L3R, LS Tebholz, iz, NEILGEE
AT MBI LT, ANV FRERRTOREMRMRLZICHRL TV A EANDH 5 Z EWREE N,

F—T— R ORTAT—RAY v TA X b FEMHR, RGN T a—F, FREE, \EILGEET
Keywords: Repeating slow slip event, Event probability, Statistical approach, Off Boso Peninsula, Off Yaeyama Islands
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FEHE R E & BRI AT — Y »v T A X F DRSO EET ) >

Numerlcal modeling of concurrent occurrence of shallow very low frequency earthquakes
and long-term slow slip events

Fiieg S 1 5 2R SC—BB 2 5 /N — RS R A
MATSUZAWA, Takanori* ; SHIBAZAKI, Bunichiro? ; OBARA, Kazushigé ; HIROSE, Hitosht

LRGSR BT, 2 RS, 2 RO ARG, ¢ P KA e gt o 2 —
!National Research Institute for Earth Science and Disaster PrevefBaiiding Research Institute’Earthquake Research
Institute, University of Tokyo*Research Center for Urban Safety and Security, Kobe University

ERKETRETZEIMNAOT—2Y v A Xk (SSE) &, LRI THRAET 2 RS 1 HEE O 1E R LA E 2
3ENCHIo> THRIIL TWA T &A%, Hirose et al. (2010, Science) &> TG SN TV S, TOMHEIZ, FHEINE S
L— FMEKHIED TN EHOFESBICAE L THD, EAHERERE L KMEBEOMGRZIERT 2 L TEHEETHS. KL
W TNET, WM SSEL BN SSEOHUAE 7T IVICHLD fLA T E /= (Bl 21X, Matsuzawa et al.,2013, GRL)Z C T
IR R B s & B SSEDRA LU 7-R4EZ, BiEMIcHEET s 285 7.

BUEETY > 7 dHT=> Tld, Matsuzawa et al. (2010, IGR)FIFEIC, PHEFRFEMERIE I B Nz AR DI AR T
L—r2EL, BAOEE L TIEAy AT HEZER U N0 @ - JREKIFEEHIZ vz, B SSE
ZHBT572HIC, TOETIVIEBWTE, BRI D EIRERICMEL, 10705 misD Ay b4 7% & DEHN
SSEfFIEZ 10 kmLARICEE Uiz, —77, ERESEREIRMEO RIS OV TIE, SOFEERD DAGEN T N0 HET
b, mdf T X0 EERE A R EEEIINE S N TV (Saito et al., 2013, GRL) 7z, Ito and Obara (2006, GRL}
HIFERE O &, BHEERHIEE O %% 5-10 km EHEE L T 5. Lh%hﬁ’)% HRE 10 kmBIROEIC, JE X
D ERWEIRERIS 172 & DEEE 6 km OFE O i B 23R E L, COEMATE, 10 misDAhy bk
A7 HREZRGE LTz, 5, EREMEioOrEHlo H o T, EHEIKEREOIEEMNER - THY, E
IR SSEOBIAIIE N TV WRHHIC B W T E Wikt IERIEL TW0a. 2T &id, TOMBED T L— MEAD ER I
MO K D &EHINICT RS TWVB T 2R d 5720, BN SSEFIOBEC, ZET XD FEZRDOET IV 2
U7z, EDOKSICERE LIZETIVZLIT Model 1 EPES. 7z, HEBOLET N D fEEZE LEWEEICDOWN
TEME LTz (Model 2). & 51, B SSEFED DR S IC X 20 E 2 MG 5728, LIiARE 18 km &7x%1;
BICDOWVT EME LT (Model 3)

BEETHREOER, Model 1,2,3DWFNICHENTE, B SSEB X UBEKEAFHIEFH TOA Y MENZTNZEN
HEHENE. Model 1BX T 2 Tld, ENIN SSEOFERC, BEERIEEK TOREW LIzd X0 BASNTE DD,
Model 3 TIXIAME R XD DAEHHIZA S Nah o7z, Fiz, Model 2TlX, EHIN SSELIYNORFAIC & B EE 57 HiE fE i
TRIEGZTANOPFEELTWVWS—T, Model 1 TIEBHERT RO ARV MIE SSERFICIZIFRS Nz, T DO
Rix, B SSEDT RO, HREREEEFHIEEDI X TRRE L TW 255, EFEICB 2 ZET XD O E
WKL TEOERENEO—T ¢ Y IRRBICH B 550D, BIHEEEZHBE LT W L ERBT 5.

F—T— FOBEEREME, An—20 w FARY N HEY I 2 L—Y 3 v, BEkE
Keywords: very low frequency earthquake, slow slip event, numerical simulation, Bungo Channel
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