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Numerical simulation of dynamic earthquake triggering based on rate-
and state-dependent friction law
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Evaluation of the diffusivity of dissolved ions through grain boundary
of quartz and its application to the prediction of frictional healing
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WIBEDEY MEL L TH L DB E & B ICERBENEERDBE L NI LIREBICKE S RBER
E—V) Y IHRIE. HEORAHEY L — MEROBEBZEICEHLZ2EERERFETH D, BEE—Y VIUR
&, MMEEOEDEMMAZER L. EXEMEARIIEBINT 2L TEIERIINDEEZ SN, Dieterich and
Kilgore (1994)ICK > THZ AR E D LOERZEMIENFFE & & £ ICEBINT 2K FHIRBEI N,

Slide-hold-slide (SHS) & (e.g., Frye and Marone, 2002; Katayama et al., 2015) IC & i, BEITRL
THMELERTERE—Y VIHRORZWVIEYMTHY . BERe—) VIR B LTKARTRTHSZ, &
512, BRe—) VIOMRITEREICEKET 5, fIAE. BEEBe—) VY ITHROBEOD—D TH 358ELOEHFH
WBeDHhy A TEEIIE. 200C TIX1.2E+3%, 927 CTIX5.9E+1#M &, BEICE > TKRELMEINS

(Nakatani and Scholtz (2004) , Tenthorey and Cox (2006) MDSHSEHBRERATICEHE) . ThiE. &
A BKEHTIRENDAR (BME-LE ) —7) »EEICAY, ERMEROEMAMES WO BRI N
TW3 (Tenthorey and Cox, 2006) ., ZDRERAEENICKRIET 27=HICIE. EHARICL 28RN FDE
¥ (E®) IC& > TEMBEBMNMENT 2RELERICGTETZ2LENH D, MRKPOTROLEGEEHIZ. £
NBBOEHEEDHEICARARTHZD, ERIOSHESINZBEEICIESDELH S (Renard et al.,
2000) ., ZZ TAMETIE, 2TFEAHE (MD) & %RV TAERNFRKF DA TR DILRIRE % i1

L. EARRICK 2EMERBOEMNICE > TERE—) VI MREFRBATE Z2HERIIL -,

MDEETIE. a-AE(1010)HDKIGRFRICKFRE[FIF TKBEE LEAREEFERL. AIEEHLEL2KD
KREDEICKDFE L VBES (Si(OH),2F) ZEBETZIE T, ARNMBKEELRZER L, RRD
EORERVWTWANMIBAICE >TEILTZ I ENFEIN, AROENAMBTIIHAKDEEZ E L TO.5
nmUL EAREEINTWS (Gundersen etal.,, 2002) , 22T, fIFRKDEZ0.5-2 nmIiZ D WTAESIOH
BREEETE L7, JBEIE150, 200, 250, 300, 350C & L7z, &tEICIEZ. MXDORTO% M\ =,

BONILBRHRE ENBROMBETILERAWVWT, ETHRDSHSEHER (Nakatani and Scholtz, 2004;
Tenthorey and Cox, 2006) &/ U CRE : 100-927°C, HE : 60-250 MPa, #{KE : 10-200
MPa) ICEWT, BIERFICARNTED LOBMEBIENBRRICL >TEDL D ICHEZEILT 20 25tEL
oo BEEMEODERA T (MPa)h', BINLZEERERERAA (M)ICHHITEERETZE. ATIFAT =
(DAA/ANCHOHETE D, TIT. AJIIEREMERE (m°), CREENMPa)THS, StELELATE
BIEREOBGRHISHBELEDH Y M4 JEEERDEZE T3, 200CTIE9.4E+3%. 927 CTIL2.0E+2%
ERY, SHSHERICEITZ2 Ay NATVBEEEAEB L ZBIRT S ENTE R, AR TIToAFETIE. EBEE
E—V Y INREERE. BE. BME. HROBEBELTRLTVWS LS, SHSHRTIIR#ELRVERER
T=ILICB T EHMBOERE—) VIR EFHTE2LETERATHDIEEZIALONS,
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Influence of swelling on frictional property of smectite gouge
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Smectite is a major component of shallow crustal fault gouges (Vrolijk and van der Pluijm, 1999), and is
thought to have large influence on their slip behaviors (e.g., Moore and Lockner 2007; Oohashi et al.
2015). In this study we performed ring-shear friction experiments on water-saturated Na-montmorillonite
powders to examine the influence of smectite swelling, one of typical features of smectite, on the frictional
property of smectite gouges.

Experiments were conducted using a rotary-shear friction apparatus (Institute of Geology, China
Earthquake Administration; Yao et al.,, 2011; Hou et al., 2012) wtih a variable electrolyte concentrations
up to 3M NaCl under normal stresses of 1.0 and 2.0 MPa. The SWy-2 powder of 2.5 g and 0.75 g of waters
with different salinities were placed and dropped between two solid-cylindrical specimens of Indian
gabbro to make "1 mm thick gouge layer, within a Teflon sleeve holding the gouge. Teflon friction was
corrected using an intercept method (Mizoguchi et al. 2007).

The experiments demonstrate that the frictional coefficient shows a peak value at the onset of sliding
(0.1570.5), followed by a gradual decrease to less than 0.1 in all runs. The steady state frictional
coefficient is dependent on salinity of pore water, and it is as low as "0.01 when sheared with distilled
water, whereas it increases to "0.05 with 3M NaCl solution. According to the Gouy-Chapman (GC) theory
(i.e., interparticle forces arising from the overlap of diffuse electric double layers between the charged
plates), the higher swelling pressure is expected in lower salinity condition due to expansion of the diffuse
double layers. The application of the extended GC theory proposed by Komine and Ogata (2004) predicts
that in-situ swelling pressure of the present gouge sample saturated with distilled water reach as high as
“1.5 MPa, almost equivalent to the normal stress loaded during the test, while the interparticle force is
rather attractive in the higher salinity conditions (1.0 and 3.0 M) caused by the enhancement of the van
der Waals force. These results suggest that the swelling pressure can effectively reduce the effective
normal stress exerting on the smectite platelets as argued by Chatterji and Morgenstern (1990), leading to
the apparent reduction in the frictional coefficient at lower salinity conditions. Our experiments also
indicate that frictional property of smectite-rich gouges is governed by pore fluid physico-chemical
conditions in natural fault zones.
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Evaluation of frictional melting in subduction-zone faults on the basis
of geochemical analyses of fault rocks
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BEERAMTELS Y1 —R9F 54 NI, HEUMBE THZ I EDREEERIEND 1 D& LTHLSNT
BY, EAAABICBTIHMERBYVDS A FIVRAERTILHDOEBELMB E A>TV, EERARILN
BEDILZHKICHEESZ DI ENFHINS, ER. Ujiie etal. (2007) (&, BI04 ERE - ik
DAZ VY ag EEICHKELZMEBERDOY 2 —RI4F54 MIODWT, A RAEREDERDTREAKL 1 S
A4 MEWZ EAERL, Hondaetal. (2011)%. AfLMISICH 17D 2 —RIF54 M5 HEBYTOE
SHENM A PARICY T ML, EBHMETRERICEEINELTVWE I EEZHRELTWS, IS IEE
BREHROMIIYMOBRMAETRERT 2& 652, MBEDLEZSMMMEMBTICHS T 2ERAMOERE DR
ICBEWTHSAEEEZTRLTWS,

Z ZTAHARTIE, Ujiie et al. (2007) BRE L2 RIRMIFD S 21— R4 F 54 M2 EOIBEEBMICDOWT
Tt - AR AT o7z, BRERBOEBELZERAF Y TOXREAPCHIEO~ 20 R Y JLTHERBIC
A2 T300~500 umBE DR CRFABICEIBEIL, Y2 —RKR9F54 M ERBESN-ECIKRK. TOMHDEE
k. BEICDOWTEEAN ST mgEE DB ZIRINL 7=, HARHIHFIC K 2EDfR% 1T >72%. ICP-MSTERK
o WETHKREEE., TIMSTSrEAAMIALLAERIEL 7=,

DI DFER, Ujiie et al. (2007) BMRE LA REEENMRESINLZ 2 —RIX 4 ME. ERDHERD
BEOKRIPREICERTA T4 hOABICT T ML, HDBe. Ti. Zr, Nb, Y. Th, UEDOHWETREE
NEEICEVWE WO BERLSHEERLE, £, METRICDOVWTE, EENEEHIEL DL DTRDEE
PR —TTHR7OY PETIRTHEDHEK ML Y REABLAMAEBICES E VWO RELQFENREO LN
fco BEOHBMMNLY RIEEELTA Z4 MIETCHNE (LRROWMETREZLZEY) AKX - RANTF
(LRROWMEBTREZIFIEAESERV) ORAETIXREINTWS, LEN>T, 41714 MIBEOHINIHI HE
BRISERIICHODIZIZEAM T 2 L D RIFETEABRMA LILEZANEY 2 — K9 F 54 NOERMNRHZ A2
BICERBETZ %, ELCEBROERLETIIEEN ZANEEICL Y ZLICHTIEL TWBELICEA L TEHHEM
HFBIEE—THY . LEBDELDIRKTBELICK WHETROEKIIEEREREINE I ENRIN
=o BETTCTHEHBETERVWEDD, BRICHTIELAMDEBIROFIZEMETRDOERFENLHNDT
A—RIFZTANTHOILEEZBZAONZEDABEETEZIENTINSG, IHIZ. ITNHDEREIRICIERDL
T DRb-SIFERAKREK ELRDEDNEFEEL., EROFEBEENGEIHZRIN TV S AREED RSN,

ZDEDIC, Pa—RIFT54 NOMERBFRIZ. ERBOEERDIANY MILZER - HIE - TEEZZ
TTHERBRESNZIENPFTE S, Ya—KR¥FF74 MEENICLIAELRBVDD, ThEBENICL
MREINBVDONE VWD BROIERNOH DD, BIBEDLZSITIE. BE - BMOBRREHRTZ L
T, COMBEORERICAOZ5 A, WEMEBETOREL FBREZMRT 2LHOOFRAY —ILICRVYES L
EZzbN5,

5| Ak :

Ujiie, K., Yamaguchi, H. et al. (2007) J. Struct. Geol., 29, 599-613.

Honda, G., Ishikawa, T. et al. (2011) GRL, 38, LO6310.

©2017. Japan Geoscience Union. All Right Reserved. - SSS17-04 -



SSS17-04 JpGU-AGU Joint Meeting 2017

F—TU— K HE WES. BEESRE. HIXEFE LHAHT
Keywords: earthquakes, fault rocks, frictional melting, geochemistry, subduction zones

©2017. Japan Geoscience Union. All Right Reserved. - SSS17-04 -



SSS17-05 JpGU-AGU Joint Meeting 2017

MEREAES BEREL AR ICHKET 2 B RO IRETE DO ERFEBR
ST

Estimation of frictional heating temperature of ancient mega-splay
faults in the Cretaceous Shimanto accretionary complex, SW Japan
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BEMOMEREDERE LTI L— MNERMBCTRETZ2MEL TL— MERD OSSR L I-EXRDIKEE
DOHEDZONAEZ OGN TWS. HRABOMEBIZILAAAFTTABINEEL TVWEILOBERMEDOA H=
ALHEEZZDIEIRERBICEETHD. MEDA NI L.EMHFETZET, MEARICEET 2HESOYER
PHARREITOBELNHD. LKL, BEIAESICLYMERETICEET 7L — MERMBRUBRDIK
BB % EEERT 2 IEEMMNICRETH 2720, REOHMEREBABOEZEMNLYERFHHRIIEEREL
TWARW, EEAINMERICIEBEDOHERETOMBIRKEZEL THY, MEBEFTORENLRHRERALNCTS
ZEICHIMLTWS., BICHBEE CRET 2EBRAEITAMGAEBY OERICKET 2720, MEDE
EBREMNSBYDRBEAMET I ENTES. TNETETMBICL > TEAEHEDOE RSB, S
a—KRIFSA MHPREINTEY, Ya—KR9F5414 FRDIYIENRH 5650C~1100C DERKEEE
NREELNTWVWS. —A, Ya—R4FF74 MPRRSINTVWARVWREBICDOWTHRBERRICA > TWE
AEEMNH DN, BEERBEORBIIAINTUVAL. HF, MBEICSFIFNIRENDS TV OHEDITIC
SYEBKBBREOHENTONDDHD. COFEEAWVWEIEICELY, Ya—R9F5414 MEELARVER
BICBWTHERRKAREARBE2IENTEREEZIONS. TITAMRETHE, HEREARBHERUA
HEMFICEHE L TVWEEARDBEEZTRIC, Ya2—RIF54 ME2ELAVKIBHRICEEFNZ2REYDS
RUDKDHETVY, EERBBEEOHEEZITOIEEEME L.

AFRMIFIEABROATIFICAELTEY, TEHE, AWAZT VY, BLIENrSHELTWS. TF
HE, BrIBIEEHICHWE, BETERSINTSY, ALATVVIE, BEEERICWE, TRERENT
Ay Z4RICRYAEFNTWVWS.

AFRTIESTUDREICLZDMEEBICIN— Ty TOER, BEORTYF, BHRERICK > THE
DEEZEHETo>TWVWSE., OB TIINWETOMENASHLTEY, EIC30~60EDNEERT
Hote. FL-WMBLY ADEEEBEEF OMBN W DR TEL. 47FIOMEBTY Y T V%17
W, ThENFI~F4& L, EREERZEKR L. BREITRYVAIRBEHRL TWE EBDON BB THE
BL7. I DHTIERIRKZEDHoribatt EXploRAZEA L, BHHDOMBER L ZD L& FTHUDREDK
REFDICTII VD ET o272, KOOLNEFTUADOEEADE—I £ GE—/ DEELL (ID/IGLH) & mE&
tt (AD/AGLL) , S VARYT NILVD TS 7 OFARICH T TERITZ1T o 7. BITICIEETHRRICK Y @ihiso
BEOREYOMBARBRETOTVWEIIIVAINDOEEZLESZEL LTHERALTWS. £THRTHRESINT
WBMBAERBRDERTIE, ID/IGA600C £ TIE0.57~0.60RRENET—EL TVWTKRELLE(I A
<, 700C%2B21 %2 HBIE LS. EFDID/IGLLEAD/AGLLT, BEARELARIAI >MBEI
700CULEDEEIFREBRL TWAWZ EARLTWS. LAL, F1DHBICEWTRESEMBEDS TV AN
IJMNLDTZTICEWTBHBAZEERZ I ENTE, SIYVARY MLDYT ZT713600C TIMNEER%
To-bDERMMNTH o727, HERIC600CHERAERBEARRLI-TRMENHS.
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Detection of increased heating and estimation of coseismic shear
stress from Raman spectra of carbonaceous material in
pseudotachylytes
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HMEROEREBRHIZ, MEREARBELI2 LTEETHS, AR TIE. HEEITRYBOMEBICS T
ZRELRERETE-DIC. BREEARBBEORARVERY 1 —RI4FF74 Ma/RELTREYMOSI Y VD
KR ET >, TORR. AEDEREN280 CUTDIHFE, Y1—RYF54 MBI 2 REYAKEEMN
ERHET B ENTRETHE I EDELHER STz, TOREMABEEMIZ. TRYBEEHIEI4-16 D
ATEIY, Y2a—K9*x514 bDOEE (RAZRE - #HETE)BRERFTIND, BRERERT—9&I77 Y
T—YDLBRICE D &, EHEMMENES 21 —RIFS14 MIBITZREYDSIT VY ARY MLOBEICIEE
DORWHEEE/RAIR SN, ZOHEBEERNDS, RADY 12— RIF54 NHES N hER DTS
NIZ1.8 MPat Bi&L b, T DB, FBE4-6 kmTOKELMBICH T EBKERGEZRET 5. BEEEFR
HIE$0.03-0.05& 1%, KATICKY., Y2 —RIFS54 MIBITZREVMOS VDD ITIE. HERD
MEREEZRES DA TENTHD LN RI N,

Ito, K., K. Ujiie, and H. Kagi (2017), Detection of increased heating and estimation of coseismic shear
stress from Raman spectra of carbonaceous material in pseudotachylytes, Geophys. Res. Lett., in press.
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Experimental evidence for effects of heating rate on thermal
maturation process of carbonaceous materials during earthquake slip
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MERICHBE CHRET 2EEBRAZEENICHET S22 &1F, HERBDREY EZH%ZIEBR T 3 L THROHTE
EBETHD. REYMOBRRARKRGIE, ZEBREICH L TARAENICEITT 27280, BNRRAEETHD EHE
INTWVWE., ZOLIRREYDOAMERIZ, REEBREDARLTHEEREPHMEICEHELAZITO>IBI L
MERHINTVWS. FICRERREICDWVWTIE, RRDETHRTCERI N/-ERFOERREBRZEEE L /e
£ (C1°Cs™) LEROBEROFEEE (B10-8100°Cs™") ORICKERERNEFET 570, MEE
BRTEONERREZDIIMERORBBEEREICISATERVDTREAVAE WS BB D > 1.

AARTIE, RAOMEBRB, OB LAREMICDOWVWT, "1°Cs'H L IIKI0-%K100°Cs ' 0ELZR
SRR T100-1000 ‘COREEFH TMEER ATV, MBRERHIODWTEHEAD K - Y9
¥ - py-GC/MSHA1TD T & T, ABEENREMORAABBREICRITTHEIIDOWVWTHEANE., Z0OHE
R, BVWARREOMEBARERARE, FUCREXTNARALAZBVERREOAB L T, AKREME<
BRoTWBIENbhot. BohiET—92AVT, RSIEEREN600°CTHEERMESNTWVWEHBAED
TL— NERMEBORBYEDREBREABHE LARR, RSIEEEIX00 CERENZYTHEZ I END
Moz, INHDFBRIE, KEYOBRAKRRIGHFEREICES ZBEINTWEIEARLTHY, SiEE
BEBRAHRET ZEIE, TORELEBTINENHELEDD.

F—U— R BEREER REY. FREE. 2XDH
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Mechanochemical effects on maturation of carbonaceous materials in
faults during earthquakes
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MBIC2EN2REYOANREILR, MEROERER, 5IWTIEBHIISHLREDREY /NS A—FDHEEICSH
eV, BOTEERBTRTHS. EN)FA MRILRICARSIND LIS, RAERIESEEERE &8 VER
BHBIENMRESNTWVWS. LHLMEFROME T, MHMLICH D RISEBDOEMCERICH S BRBS

DEAREDNEL DD, TNODIRAANDETEAWCKET 20ELHS. €I T, AMATHE, KE
MOBRRAKICE T DA N/ T IANHRICOVWTERL, EFEEEREER - MARRICK 2MEMEY ORES

FUERAZARCE T 2NN EEREL .

EERRICIT, KRBEEHRASTHILEOREMEAEET : OOUERTEAL, ILOKKREDSHERARIC
T, BE3.OMPadEH &, 1.0mm /s, 10 mOBEE A5 A /=, RIZ, BREETBRASMEEZHAWT, 9K
GA—UEBEZEERBELTI V92 MRERICT, 100~1000 COEBNEAE L. ZDE, B
BWT, BEMFAADIRBELVERS T UVOIRBEAWVT, REVOLFBEESTAEERLZ. ZORKRE, B
BRI XA =T DEREICLY, REVOBARDETEES WKL E L.

D EDRER, BIMICHESI XA/ I HIBRICKY, REYOERAKRINBRESI N EIERSINE. h
&, REDOHETOEREHE LB LML CWATREEETRELTWS.

F-—U— KRB, REW. 2D
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Sintering on a fault during an earthquake
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itﬁf;'i?b“%I?é CEBRREANEL, MEE CIKEADOMBEIIREIRECSEEIONTWS, EiEs

I, RELEAMKREBRIVEVEETNRTZE, FFED LIMKEAET R TCREENBA L, BEHIE
bua“éiﬁgera% 1999 F AEEEMETEELAF oIV Y THEB THIAIN-BRLEBYELREINLE
FHEMELAVTERRLAER, NFEALIIEEIT2BELEBEDRENMREINTVS. IhIEBEFBOWE
BRICBVWTHABNA Ry VEEDTRMELH S.

LHL, TOLILBENBMETIIRCERICLE>TEL Y 2 EIDERNICKRET - BETLI2HELDH
3. TITEAHRETIH, MBEERT 2RENLHMLTENTHZEVEYOFAI MELASA N, BLUF L
VTMBEROREANERVWT, HMEROFRGEZER L ANMARREZTV, ThSs0MEBELLERAKL. I

BBERT 1230, 90, 180 M3/84—, BEIF600CTH51200C DB TI00CHIADT7/IRY—VTHB. FD
1& INEGH 2B Y H L EFEMECHMARXIRET = AW TESEEL &AL,

ZTORR, EVEVOFA MIHEWVWT, TG-DSCHIEDHERS LV 100EIMEASRR = EFEBE CHRL -
&2 %, 800CHHEMNSBIEICK 2 BN BBEEIITENZ I NN o/, THIT, 800CITHEWT
307, 90F, 180MMEALA-E T3, IOMMARK £ TIRELARSNT, 180MMBALAKR TIIBE LEE
IS RBET IR TEL. TNSDERE, FoI Y THEBICES T3 EEHTEIES00~900C & EEMT
H5. LEDOHER, HERICIE, MBTIIAMOARS FRFERKN/EL TVIAEENSEL, I56IC, Zh
IXHhER DB DBELECRDMERDBY BHICHELSZZTHSD.

F—T7— R : B B
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Experimental measurements and numerical analyses about the
temperature change of rocks with stress chang
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University, 3. Kochi Institute for Core Sample Research, Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), 4. Marine Works Japan Ltd.

The temperature responses of rocks to stress changes are key to understanding temperature anomalies in
geoscience phenomena such as earthquakes. We developed a new hydrostatic compression system in
which the rock specimen center can achieve adiabatic conditions during the first “10 s following rapid
loading or unloading, and systematically measured the representative lithologies of several sedimentary,
igneous and metamorphic rocks sampled from two seismogenic zones (the Longmenshan Fault Zone in
Sichuan, and the Chelungpu Fault Zone (TCDP Hole-A) in Taiwan), and several quarries worldwide. And
we built a finite element model of heat conduction to confirm the measured results of temperature
response of rocks to stress change. The results show that: (1) the adiabatic pressure derivative of the
temperature (&) for most crustal rocks is “1.5 to 6.2 mK MPa™, (2) the temperature response of
sedimentary rocks ("3.5 to 6.2 mK MPa™") is larger than that of igneous and metamorphic rocks (2.5 to
3.2 mK MPa™), and (3) there is a good linear correlation between &(in mK MPa™") and the bulk modulus K
(in GPa): B=(-0.068-K+5.69)+0.4, R°=0.85. This empirical equation will be very useful for estimating the
distribution of Zin the crust, since K can be calculated when profiles of crustal density (0) and elastic
wave velocities (Vp, V,) are obtained from gravity surveys and seismic exploration.

Keywords: Adiabatic pressure derivative of temperature (8 ), Temperature response, Stress change,
Hydrostatic compression system, Numerical simulating
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Scaly fabrics and veins of the Mugi and Makimine mélanges

*Gabrielle Elizabeth Ramirez', Donald M Fisher', Gaku Kimura?, Asuka Yamaguchi2

1. Department of Geosciences, Pennsylvania State University, University Park, PA, 2. Department of Earth and
Planetary Science, The University of Tokyo, Tokyo, Japan

Ancient subduction fault zones provide a microstructural record of the plate boundary deformation
associated with underthrusting. The Mugi and Makimine mélanges of the Shimanto Belt exhibit many of
the characteristics associated with exposed ancient subduction fault zones worldwide, including: (1) o,
that is near orthogonal to the deformation fabric (2) microstructurally pervasive veins that record
hydrofracturing and act as sinks for silica, calcite, and albite (3) cyclic fracturing and sealing recorded
through crack-sealing and (4) evidence for local diffusion of silica sourced from web-like arrays of slip
surfaces (i.e., scaly fabrics). We present microprobe observations of scaly fabrics and veins from two
ancient subduction-related shear zones that represent the full temperature range of the seismogenic
zone: 1) Mugi mélange lower ("130-150°C) and upper ("170-200°C) sections and 2) Makimine mélange
(peak temperatures of “340°C). The Mugi mélange is an underplated duplex consisting of two horses
separated by an out of sequence thrust fault. The upper section is bounded at the top by a
pseudotachylite-bearing paleodécollement. The Makimine mélange was underplated at the downdip limit
of the seismogenic zone. The scaly fabrics and veins associated with these shear zones exhibit evidence
for different geochemical reactions occurring as a function of depth and temperature. Upper Mugi
(170-200 °C) has evidence for the incongruent pressure solution reaction of coarse grained albite in the
matrix breaking down into illite in the shear zone (i.e. scaly fabric). Makimine (up to 340 °C) has evidence
for a different set of reactions that result in rutile and iron-oxide phases concentrated in the shear zone.
Microstructural analyses of ancient subduction-related faults show differences with temperature that
highlight the importance of establishing the geochemical processes and activation energies that
contribute to slip, fracturing, and healing of rocks that underthrust the subduction interface.

Keywords: tectonic mélange, hydrofractures, seismogenic zone, earthquakes
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WEB<I/—_Fa—REE—AYIII=Fa—F
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Earthquake magnitude and moment magnitude:

Apparent fracture energy and damage zone thickness of faults

WA B

*Kiyohiko Yamamoto

BUOHIC BRI RIVF—EEYI=Fa— RMOBERPHEE—A Y MM EE—X VMY =ZFa—FR
M, DERIE B, UTOoRTRINS,

logE.=1.5M +4.8 (1)

logM_=1.5M_+9.1 (2)

Pz 2Tl ZORICITIEND hE#ZENRME & IR,

BAREEAVICEZ > BHAZWHETIE. MAM, EWNAEV, BIZST. ILREERRTH—2E
S DR EMBERAF > T DENMERDEDEWVCE >TWBHBELAR L, —A. EEHOMETIX
(M-M,)>0.2 1272 B3ZED SV, FIZIE1995REREEHBHMEDM,. M,)I(7.3. 6.9). 2000SERFEERHE
I%(7.3. 6.8). 2008F&EF - BHAREMEIL(7.2, 6.876.9)THY. M=M T 2&. WFhOBESLM-M,
)>0.2 TH 2, ESHE—RBHABHERRICSNIE, RENDEDRE, HWERMEHI0.8UTTIEM, >M
o TNUETIEMSM, . HEFMEAS 1 DEE (MM )=0.2TH3, Lih>T, EENLHBETM-M,
)>0.2IFEZ I VW, T T (MM, )>0.2 IC72 2B/ AT %,

REOWBIRINY—  BERBHEEIC IMELZEI OH 2WHEHEEE 7ARY 71— (AS) fEEEH
S5 ELIERTHE, ZOBERTIE, TRYEIBRBREEBICIERT 26, BRHICOEGsE LS
%, RBOWEIRNF—EZOOERICE > TE L ZMBEEICEEREAMA. ERBAICRTIAIICEMTSH
%, ZORBTIE, BHHEITR2ICEIRETHY . ASORIMR u & SIIRIERELEREDZThEFL
W, BIBOEI N —T. BROMBRAZF OER %L —EE | | EEI T —CHBERIEGRLER %
[RE—EE ] &M,

R MY—HFR) CHERNERE1ETDIE, E=(St/2u)M PMEB5N3, JIT, StABAKRTETH
%, LA >T. SthREFNIE. M-M >020567= NG5, ASHEEBNEEICADZEIE ¢ 3. ASH
WIET ZEFOMMNBIMEA Be =t/ u EHERNEL T TREY, HWEKMEN1DHE 2xe, THD, £oT
e=10°DEE, ¢=2x10° TH5, StEBICtxp THZHS., M-M _>0.2IC7%%—DDHEAEME L
T. ASOEMRIERE N A E WNMEADH T SN D, ASTHIEFDEe 51.5x107°E LIS, HEEMEH
0.8D&E, (M-M)IFHELZ0.21C742, Thid, H—EREZRALLIBEDARKETH D,

KU —RBICIE. BTBRBRARSEZ/FL. ESEFRY—TH3 D, BERTFHRICTRYEANMLEKRT 20, £
DEIFICIZTARYICLBEUIBETH S, TITE. TOEBEASORIBICHBELRERBIELSAE & EM
T, BERHEHROWHIRIIGAMICEVWTERLTHD EIRET %, §7a05, TRNYEDILKICHDELRTNYE
ISR BEICEERIC—EE T 5, ZDFE. BHEEANSCT5E, BAMBELAEZY T, BENTORET
KX —BASICERINTWAEZTHIRLF—D2HISETL T EDD D, HDES DWIESHDASHIKIE
THRETRYADTEILAI»EL D, UEDZ &lE. TR QLRI WIERHEBISET 5 &, LARH N
INZEREEETRLTWS, ZNICL>T. AB—TEDASICH L TER SN2 BE@mOEEDS. H— Akt
EAHOERBOMBDZELIVENEIL, ISHETEIIKRELARZTHE D, INHMBO—DDAEEMETH
%,

EZR LUTOHEIC M-M,) >021%EL %, 1) FENZBETIE, MERMEHN0.8ULDIG
Bo 2) FHISHETENMEENREDLY KEWGFE, WHBETENKEKAZERE LT, 2-1) ASOBRT
IR ENMRENMEBOBEICENTAREL, 2-2) BERTFOEINASEEOAT/NhIVWEE, (2-2) (FHE
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B SASNICE— R THBBAICHYET 2, AEOHET (M-M) >0.2 KA30E, HENRET 2K
B, FL— MERCHIMES Y GBS ERTH ST L, &Y EKNICIE, BEOHRONREERTEA
WZEKBELTWBEEALNS, BHREESICE. HEO NSNS CRBGEBEEE N2 BELH 3

3,

F—T— R BEBEIRLE— BEEME Y/=Fa—R. E—AY IS Fa— R, BRSEEE
B, BRI EAL
Keywords: fracture energy, seismic efficiency, magnitude, moment magnitude, damage zone fault model ,
critical weakening displacement
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Early recurrence of M6 intraplate earthquake (5.8 years) observed in
northern Kanto region, Japan

BB EHER. =@ 8B°
*Yo Fukushima', Shinji Toda', Satoshi Miura?

1. RAERZEXERZERFRA. 2. RILKFEZHRR
1. International Research Institute of Disaster Science, Tohoku University, 2. Graduate School of Science, Tohoku
University

On 28 December 2016, an M~6 normal fault earthquake occurred in the northern part of Ibaraki
prefecture in Kanto region, Japan (hereafter called event B). This event was observed by the Japanese
ALOS-2 satellite equipped with PALSAR-2, an L-band synthetic aperture radar (SAR). Interferometric SAR
(InSAR) processing indicates clear displacement discontinuity line, directing approximately NW-SE. The
amount of discontinuity is “30cm in the line-of-sight (LOS) direction (approximately from East with
incidence angle of 36 degrees). A preliminary inversion found a dip angle of 42 degrees with fault slip
confined in the upper-most 5km in the crust.

The region has experienced swarm-like normal faulting activities after the occurrence of the 11 March
2011 Mw9.0 Tohoku-oki earthquake including an Mw6.6 event composed of complex ruptures on
multiple faults (e.g., Fukushima et al., 2013, BSSA). One of such events was an M™6 event on 19 March
2011 (hereafter called event A).

We performed InSAR analysis also for the event A using the data acquired by the ALOS satellite equipped
with PALSAR radar. After removing the displacements caused by the Tohoku-oki earthquake, we obtained
a remarkably similar displacement pattern for the event A as compared with the event B. Specifically, the
locations of displacement discontinuity lines were almost identical, and the amount of displacement
discontinuity was up to “"45cm for the event A and “30cm for the event B. The displacement patters were
similar, both indicating southwestward normal faulting on a NW-SE striking fault, suggesting that the same
fault ruptured. The slight larger displacement for event A indicates that this event was associated with
slightly larger slip on the fault at least close to the ground. The InSAR data for the event A presumably
includes the displacements associated with an Mj 5.7 event, which should be taken into account for
further comparison.

Our result indicates that the same M™6 fault can re-rupture in a very short time interval of 5.8 years. Two
interpretations are possible as to the mechanism of the extremely early recurrence: 1) rapid loading of the
fault occurred after the event A, possibly associated with the postseismic deformation due to the 2011
Tohoku-oki earthquake, and 2) stress level on the fault remained high after the event A, enabling further
slip on the fault, without significant loading.

F—7— K : InSAR, HIRRZEE). HMEBR, RRAME
Keywords: InSAR, crustal deformation, earthquake recurrence, intraplate earthquake
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Development of trans-dimensional source inversion with geodetic data

AR AE. HAE. BRAE. s 5
*Hisahiko Kubo', Wataru Suzuki', Akemi Noda', Shin Aoi’

1. B R FIE AR SR BT FURT

1. National Research Institute for Earth Science and Disaster Prevention

ARRTIENS VAT A XT3 FINAYN=Y 3 Vv ERVTHRENTHEI SBHNITRY DA ERDDH
ERERBEBAFEDORREET >/, NI VAT A AT aFIAYN—= 3 VISHIRYIBZOSEH TIRE
FEHINTETEY (e.g Agostinetti and Malinverno 2010; Bodin et al. 2012; 2014; Hawkins and
Sambridge 2015) . ERARMBATHLFAINEDTWS (e.g. Dettmer 2014) , ERBRRMBITICE SV R
TAAYIIFIAYN=Ua Vv EBATIHARE LT, TRYEBLEOWERFEEZETBERE LTHEEL
BROWEIHITOND, IRYEBHRFGIVENICEURBERZRENICBZEZOHICEAVLRTV
%5, LML, IRYEBEHREFEE2FEAT 2L FERARBINODMBELREETIESR I LITDAD
Y, BRRDENMRE->TVWEE LI THD5E. FAIBRICAZSKHEBEZIILMEB I ENEL, &
oo ETIVOAEESZTHET 2BICERRETINSA—YDEXRNHETIATEHREY THLOERE
ICE > TEERB T2 EDNTEZREMRTH D,

AFEATIEIMBALOTARY HNT ) — U BEE%E L TR TOFRMNEN &R U D W E R
FREREEZ D, BEOLDIC, BRHARKNOBRERIAVRADHBICKL., B2 THEWIHIITHEERET
%, MEmMLOBHNITARY DHFFEHAZEORD /1 DEZRAWVWTRKRIRYT 5, SBITTKDDIRI/INFT XA —4
F. Ao/ AR RO/ M [OMEELTOME, B4~DHRO0/ 1 RDINYETHS, £7=. Fukuda
and Johnson (2008)# & U'Kubo et al. (2016 GJI)ICRI> T, EETARY OHRFEH % Z OFMEICTMNT
%, ETIVNSA—YDERDTERDLHIC. VN=2T vy T2 IT7BEEYTHIOE (Green
1995) ZFAW3, EFETERYYTY VI RTy TEBIC. FHEBRRO /A S0EMN - BEDORDO / 1 KO
BR-AO/ A HOBE - RO/ A mDIRYEDEREWVWOIEODDERBNAS—DAET VI LICERTT R E
TETILEFLTWL, Fo YV TV IMROBLEE /NS A — Y BRBEOLFTEH Z72HIC, XF LI
FYRY 7Y XL (e.g. Sambridge 2013) #AW3, 7Y —VEARIFEEBRHEHEEAREL &
ZOMBITANYIC K 2ERENEN A Okada (1992)IC K > TEHET %,

CDHF-ICEFE L BT FE%E2015F %/3—)LGorkhalth 2 (Galetzka et al. 2015; Kubo et al. 2016
EPS) ICH I BGNSSOEEEHFIER L7-. AHMEICS 1T BGNSSEA AN IEERTH 57=812, GNSSEEERIL
BT RYICKH L TRONDBELINMEGELERVWEEZOND, TR B EIREMGZAWVREEFIEIC
KO T LIZEZ A, MBERERICTRYDNDHET 2@BINFONL, MATHEZAFEEBERLELEZ
5, AMIVZDICKERTRYDEFELEL, ZRUADERDITANYAEOTHZEWI Vv —TRIANY
DI/ ONE, £ T—YDEVEREFFEDIIS>ARI 7=, ZOHKRIE. EBREAERBHI~ONS Y
RFTAXAYITIFIAYN=2 a3V DBANT—Y DIRBICHERTNY DHTHER SN 2 ROES % AT
TBZEETET B, Tl KERITRYDMMESINAEEHBICE IT2ITRYDEERLGH S, EHOER=IC
HENEETORDOIESDEMNNIWVW—AT, BHEAISBN/EETORDIESDENAKREVI ENRS
Nz, ZOBRIIEFRBEMTICE T 2H~OERNEBREEST S,

F—I—R :BRAVN=U3Y, NIVYRTAAYIaFIAVNR"—=Uay, EEEES
Keywords: Source inversion, Trans-dimensional inversion, Geodetic data

©2017. Japan Geoscience Union. All Right Reserved. -SSS17-14 -



SSS17-15 JpGU-AGU Joint Meeting 2017

Rrrvy—nNyoyavzyay
Potency Backprojection

BB R ER XA AKX BB
*Ryo Okuwaki', Amato Kasahara', Yuji Yagi®
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Sciences, University of Tsukuba

Ny Oz >ay (BP)kE, PRIBHER#EICHERE 2 FRICEIRFE T 5 2 & THERDOBEHR
DEEEDHEMETLZ2FEE LT, 2004FERAT NS - 7YY T UHE (Mw 9.1) LIEZ K OBE, & <IC
M&Qoazwétﬂ%tﬁbtﬁméntétoA%?kawqmmiu\ﬁﬂﬁ%ﬁ@@%&ﬂ%bf
HERORSTREAIESBPEICRL > T, 7Y —VERESARTE OEEHEBAMBT % 2 & THEROKS
ROBEELMEMET Z2FETHE, V) —VBEBICEETNIPREEER (pP. sPK) OEMRIES &L U
BEAMATEIETBPEDORRTH oM AA—VDRIABANDREELAB LI, I SICERRED
FI—AA=IVTEBRRTEIENTES, HEFREHZWVWEHERKE V) — Vv BEHROEEREEROR
LELEICK VIRRDIEEE O % KO HBP/HBPEIX, BEA /A=Y 3 VETIRBWVWOE L WERER DK
BaRHBIENTE S, BEEKRSIE. BECEREH 2 WVIBYEREORHAELERIMLTSY, EX
HMEDKIEBREAEBME T B72DIC, KFA v/N\—Y 3 ik EBP/HBPEDHAMARITAThNA T WS,

BP/HBP:Id, HERFH 2 W IHERFKE T —VEHOBERBERHE2E LEHbEAERERE KRN
WX T DFETHDH. KOOLNA A—VDEFNRS I FILVREL. MBLDH ZBEREREN, S K
INHMERD, FHREE2FICEDIEEICRET 5, —RICEFREEOAIMRIZFES & EHIBKRT S
O, BALEYREEICHT 27 —VEHORBIIEREREDRI L & HICEAL, BP/HBPA A=Y DY U F
JVBEIE T ) — VB OIRIBICK T 2RI EKEEEZRNBLTWS, 72 L. BP/HBPEICL 2EERA
A=V ERWAVNR—=UaVEICLYREZBY DB EEERENICHEEL, BIRFEORREZIT I 2ODIC
&, BP/HBPA A=Y DY I FIBELBYREDH (RTVo—L— NBESH) L WIS EZ2RENH
%,

ARRTIE. EROERMEICBITBERILEZEREL. RTVY—L— I BEEZA XAV VI TDHER
BP/HBPEDERLZIRET %, BPETRBERERCERERS T O LARAUKREZ V) —VERPROK
AIRIETERIE. HBPETRBBERBRICBVW TR 7 ) — VEROMEREERKZ /) — v BEROB
FEMTEREL T, 2BARDRI VI L, RERBERICB TV IV FIEBEERD D, AENCTRIEME
DEEICNT ) — VEABDOREORSKFEIBES NGO, KTV I—L—MEEICHBLEA
A= %ERHBIENTE S,

B DZYMEZRIE S 572D, 2015FF ) - 4 FTRVHE (Mw 8.3) R & L 2 HERRI TIC
ETF— S ERWEENET o, BIEXRRTIZ. AB—ORTYY—%2F LRENLRERERE L ICHERE
SUSLICEREL CHELAEREFICTE LT, REFEEEALL, ROEXETR, 1 X=YDYIF
JVBEARERIE EENNICE BRBEANR SN, FLLERMETRERICEF 2L I FILBEDETA
BRIN. AADLERT VY —DHEEQBIRT 2 &N TE L, LELEEREOD. PRERIKE DER
ENEETIERERTIR. BREINDID T FIBEMRAE LTINS AZERAIH S, S5IC, E
T ERAWEERICEWTE, BIERRTHEONLBREBKIC, BEZ25 kmLUXOREBICE T 2HENTY
TFHIVBED, RRDERLICHERTEL BB I & bh o7,

ARARTIEE, BEA v N—Y a3 VEICE>TKEDBY DM EDERNLLERNTRER, RTyy—L—F
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BEDAA—I VI ETIBP/HBPEDERLEIRELA, AERNLIE. EARAAFICEVWTERET ZEKM
EORIEBRRICH LT, BP/HBPEEBHA v /N—2 3 VEDBITERAHAE L. WEFHOLE - Sma1T
SEBICEREEZLOND,

F—U—K: Ay sTAVIIY Y, BEERA X -V, RIEEN. BRBR £7vo—

Keywords: Backprojection, Imaging of rupture evolution, Depth dependence, Seismic source process,
Potency
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Analysis of seismic source process during the 2016 Kumamoto
earthquake by jointly using surface ruptures and teleseismic
waveforms

EFHELX. N\AKBA
*Keita Kayano', Yuji Yagi'

1. KRS
1. Tsukuba University

EMEEEER WS VNN—= 3 VL, BRBREORE LBHFEEE LTS OMEICT L TERS
NTEL LHL, BENMRIGEDICDON, BEEKFE L THAINZRICEEFNIEEREHRNLD
RETRDERFEIFNS AR Z780, hRETHRIGRHBORWETERY PRELLEBES, TOBEYICHETEV S
FILIENS KR BERE LT, EMEEHEENT TIIMRMEDEBREY 2RE - BffEICKOD Z & IFE# L L.
— AT, RETOMEEY I, HERICEUCALHRRMEMEICRONZ2EREMERET 2 & T, BREICEH
BTEENTES. RMAEICLYMRTOMBOINAS K OMEICH L TRARLNTWEZ EERE X
&, EREEEBHBAET — 92 HE LIBITICE > T, BERZELAINSAR - GPSR EICK 287 —4
NZLWEBEDOHEDERBREEZMET S EHNTREE LS. ARRTIE, 2016FEAME (M), 7.3) ICHL,
EIMERK & hRINEMBORMAE T — 9 5 HlHEbELYa A Y M UNR=U 3 VEBIFETWV, ZOEH
MR L 7.

24T ICIXGlobal Seismographic Network (GSN) D27 s TEE S 7B RAEPR D ETHR LB L U,
ER14K% - HEDEMBMEEICK YIRIAESI NG, AERERICEL L hRbEMBD408H5TD
HXZEAE (Kumahara et al. 2016, JpGU) #F A L 7-. WMAET — 9 P FDBRERE, SHERR (K&, BD
ETOdhis) OBREX t:@d‘?ét&; ZONBE—BICEDDZENHLLV. 22 C, BMBAET -9 L&
HMEXEDOHRESICHEL T, 79 EOERNEH - EERHOBRODBE KN4 XEREFHFLE (ABIC) ZFHWNT
RELE.MEEIE, ERANZXLE - 2E0%H - hWRWBEWEASE L LT, HEAX - mHAJIESEIC
Mo -TEEMBET IV EM234°, 1ER64°) #RELK. 22T, MiBwDEST 2 EBICERABRDKRZ/M S
AHEDEDICET 2O EFHMICEKRT 2720, BIBETI/IL A2 km x2 km O/NFBICBERE L, Z/NBFET
DOEREEEHERE LAEBR TS 14 VERE0IWERTLMEEE L /-. RAET — 7 ISBET L RLER
D/NETEICIR R L, SBITICER L .

BrEE Y DRFEBAHEN S, FEER Ty T TOXELIRITHIBFAIBEZRSW E T, TICARAMBEEHTR
5h, L@&ﬁﬁﬂﬁﬁffk?ﬁ*ﬁ?ﬂz WARBLTWS ZEN NS, T, WIRFKIOMEZ LR, FTELRKEIE
HE)IBEBEEAERY, EICEMBEMEIAEITNEY 2L LR SRBICHRAGIE L0, IRIERKS
L Z15MRICKET . BIRBYLHELSIL, BRNSILER10 km, SES 10kmD A B BEE THRA3 mDiE
WARLHh, BRAMBEESSETAM TN, FA/INERESACTENBAM4 D ABRIT IR TE 3.

BEMEEEOHEAWVEREBHAET — 9 2B LABRTHE T 2 &, RMAEDOMER Y DBFZER
DTWICTEELEVWAROSNDS. 1 kmEURISEBR T % &, MR D H DT TIXIRIRFEIBE 7T H /Y TEY
ﬁ‘%il, BIRFIAR15MICHT THRE) - BERATBHBEETEISEYPNELTWVWSDICLR, AT T

3, B Y ORERRNHIERBRI10WH Y LB, BYEBIIFEE & ICHR)IIMBREANER T 2T

KYUBBRICR A 2. AR L S FR I N 2EMBEFIGEARFOREE LKRATHY, RtiAET—9 %M@
FICRIR LA EICL Y, MRMADRKEBY & - AREIGEREEEOAHDETERICLER, thRIEME TD
THhOE - ABE L WAML TV, E@F TR SN 2 GH)IEREREAN ORIEGBRE, thROETD
MAENENDHIZEOERS & U, ZIEEY OEEAM/NNY-V - RKBYDNRSNIRSIE, FHBLEER R
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EFILES EIThN OB ERBTOBRSP, BHEAET — 4 & AKICHRMETOMER Y OFF
WEBEIT DT —YTHBINSART—9 AV MBITEREBANTH 5. AAROERIL, EIEAERKICMAR
WRAET -9 = BITICHBETZZET, IROBEMATEENEBET L TEREDRWIERBY G/ ELNE
EERLTWS.

F—T7—R :MBICEZERAWEY a4V M yN=yUay, RAET—4. 2016FERME
Keywords: Joint inversion using ABIC, Field survey data, 2016 Kumamoto earthquake
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3D seismic velocity structure in the lower crust beneath the San-in
district
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-l EUBHIC

WA Tk, BRBARISA > TRALBROMESH (LA DOMER) *RoNns, £/, ZOHh
EH LI THEAMELSHAEELTVWS, A, TL— MERNSENILEAICHESHEIABRET ZD
M ?lioetal. (2002, 2004) Tlk, TERMARICHEABICERE & U EFMEDEE, (weak zone) NEEL. ZDE
LICE - BOPERTEIETHREMENREET D E VI ETILNREINTWVWS, I T, WWEMADMME
HE O TR ICweak zoneHNEIET 2D AT 572HIC, WMERERNES T 71 —ICK Y ILEEHED
TER AR IC BT DA hEREEEEEHE L.

- ERERNES ST 14—

NESZT74—D7OY S ALICIK, FMTOMO (Rawlinson et al., 2006) & {8/ L 7=, SREREBIFCIE, SKEE
HAWEFE (de Kool et al, 2006) AMfEHLNTH Y., THEIBRWMEEICH L TERE L7 FIRBEI A AT EE
ThHhd, NETZ714—DFT—4ICIE, Figure 1ICR L-BITEEBRTRE LAHEOSKRTF—TEERS &
UMAMEZFERA L, AT, 74 YEVERST (PHS) REDOFEHHRAIMY T—9 LEFTICHERL
7= PHSHMMEM S LA DER SADMMERDKERRIE. WA DO TEHMZZBIBYT 5720, TNo %2
WICERT 22 & TIURIA D TEMRZICH T 2BEEORLE/RFTE 2, 7272L. TNHIEPHSAERIBE
T30, KBEFICBWVWTIEPHSOZEEREENEEICA SN, KB THERALEZT—9ty N TPHSOEE#
BELCHETEIEIEHERL, I T, HH5MUSH, Figure 21K LIZEWETEEICE WT, JBWHE
DEBT—YEFEALAENES T 714 —%T0, KENABRPHS OEREBELHEL. TORREMPREEE
ELTEALE,

NESTZT74—DER., ILEMADOHMEFTE FTO THBHHRICIEREBIEET 22 &9 o7, BANE
REREEZRIERNELT,. BRETHAIEPEARICHADNEET DI ERENEZLOND=H, LUEHA
DHESETO TR NME MY (weak zone) THBZENTEEINS, Thabb, AFFROERIL. lioet
al. (2002, 2004) CIRESIN TV I NEMEREBRET I EIRFIZ2ERTHDE WA D,

CHE . RRTO—TEERSSURAELZFERASETWELEE L, £ BARERMTARAMOER
BARDRYT — Y 2RI ETWELEEH L,

F—T— K NESTT - WA, TEHBR. MEHE
Keywords: tomography, San-in district, lower crust, intraplate earthquake
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Figure 1 The distribution of earthquakes used Figure 2 The distribution of earthquakes
in the tomography. used for estimating rough velocity structure

of an wide region which is used as an initial
velocity model.
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2011 FERILH B CER SN AEWEXRESY LBD OB FH R —
RRIRD M & BT EAEE

Swarm activity beneath Sendai-Okura Dam, NE Japan, induced by the
2011 Tohoku-Oki earthquake - Precise hypocenter distribution and
fine fault structure

“HE Eh KA E
*Keisuke Yoshida', Akira Hasegawa1

1. AL RFEZM AR B HEE N FNARRA 5 —
1. Tohoku University

1.1 & C®IC

ME, HEKREOBEICE CAMBONERBEISELLZEZICELS, o T, MEZRESIEZE
HICIEKELRDIFT2D, §ADLEAMGALZEINSIEI2MREERBEELABETIEIMRENH S,

2011 EFHILHHtER. BARIEDLEWESEHEICHZ > THEZRSIFRINLDLS. ZNS5DAHICIZACFFAE
DULEICHEHSTHERINZEDLHZ, TNODFEE, HBL T, 1) EROBEN A SN D, 2) EEFHE
ARICPEOREN SHA BERENS, REDFHERT I &ML, RiLHHMEBICHAI RAMRICERL
TEBEIMS LR L TCELERAICL ZEMREDBINICHE > TEEBBENMETLAEZEICKYB|IERBI SN EH#H
EINTWS (FH - fib, 2012; Terakawa et al., 2013:, Okada et al., 2015; Yoshida et al., 2016),

ARRTIE, MBBREZETIEMELZREIEIREAOEEZFMICARSEMT, RILFHETHERS
NELBEXREBY LRAMOBREMETEICOWT, ZOERLH EFEEILZFMICARZ, ZOFEEFEOERIC
BE LRI —FISHBOREE TlX, 1998FEICME.0DMMENEE L TWS, thERITHON-EIFhEEA
FIZLY, ERBETOMBPEICEZLASERFEAFEL (Umino et al., 2002), TERHRRIC IFFRE R HE
SRIKEE A 5% L T % (Nakajima et al., 2006) Z & Db H > TW3,

CDEFEEFENCOVWT, [REF— A OJICREEINTWVWSE2485EDMEDOE RS T ERTHD &,
PRREP[ITZ2EDD, B&Z 4kmiEEDETcloudRICIEA > TH Y. migrationDFFMAAERERIC IE 2D 5
BV, ZITAMMATIE. BERICEDEBEDHEBKZESENT, MERFOEE ZBAVWTHERDOERE%ZE
BICKD, ZNICEDVWTHENBRREZTI Z&ICLk,

2. 7k - &R - i

=S, WEREFOBEUEICEDWTHEBHONE %17 o7, ERERM20 kmUADEHA=RD D B3R E
THERY OHERAFRED 0.92%2BA MERTHIEFET 2HE. TO2DOME%S MELME] tHrRT I &
ICL7z. ZL T, HEMEI L —T OV EE—D EBURMELRMUME AR T I EE LT, TOFE
YR L, ZOER, 30EULOMEASCHEUME LT 7285017,

RIS, BRMEEER 2 kmIROHBERLT T, A9 OTEHH D WIEFE LPRESKOMBEERRBHZHE
L. ThHBRKICKER D EEZDEEHBEERDRL, FRELERENI0IULDBEDRBET —9 #HW
T. W9 OVS-PREZEZBELTHZ L. TLAR—I I —T T S-PHEIRKO2SEEESDVWTWEZEHED
A, 0.05sLUHNDEHEICER T B LD ICA o7z, FHEBICIYEONAREZET—49 %, —TLEREHODP,
SR BERZ T —4 ICNA T. Double-Differenceix (Waldhauser & Ellsworth, 2002) @B 5 Z & IC &

YU, EROBREZIT oz, BEAEBICLYEONAERERZIX 120msechH 510 msecE THA L7,

ZORER, BEIE. PPRIERT DcouldRICIESDWEDHEN D, EEMDsharpEIRBENE RELE
fbL. BUUMEIIL—T1E, ZhETNHEBITI2EICERLTOHRT D LD ICA 7, TDE  IEFIERS
B BRTIERERIP. KEFAEICHEREDEH D, KEICHSIEROA N ALBERTHZ &, BIEO—
DHEKEFAZAE, COEISHAIMBEF TRELLZIEETRT, TDLDBRKEMEBIX, EEISHHZLIS
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R T unfavorably-oriented T#H %72, EIRDmigrationE4k. BBEREDEK T2 RBT 5, BRED
migrationZ, HZICHBRELAERDHG TR THDE, TNSIEEISHA> TEISEVWADISKWVWAICKEEIT S
ZEPbh o, EFOSERFENS LR LAREOBRHREER TV EHEINDS,

3.¥&H

BEABRBREICLY., WEXKEY LBDORXMEFTEOERIE. —TEEBRICH SN TWcloudik
ICIELDVWAEDTEIFKRESERY, sharpR¥EODEDELEICERTEZZ DN o7z, TNLHITH>TER
Mmigration L TH Y. X AZXLREIE, BHEACNSOEISADMBES TREL VWS I EAERLTW
%, RIAHMEICK Z2RAEBWISHOE T TCETOSERFENS LR L TELRAEICKZERBEDERT
N, COFEEEBIERILICEEEINS,

F—U— K WRORA. BEBE. 201 1FRIPHE. FREE

Keywords: crustal fluid, frictional strength, 2011 Tohoku-Oki earthquake, swarm
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Record of slow slip instabilities in rocks: the role of silica redistribution
in the behavior of subduction interfaces

*Donald M Fisher', Andrew Smye', Chris Marone', Asuka Yamaguchi2

1. Department of Geosciences, Penn State University, 2. Atmosphere and Ocean Research Institute, The University of
Tokyo

We present observations from nine regional fault zones exposed in the ancient, sediment-dominated
Kodiak and Shimanto accretionary complexes. There are characteristics common to all these examples
that suggest a record of slow slip instabilities that deform the underthrusting footwall at a range of depths
within and around the seismogenic zone. These fault zones, in some cases 10’ s of m’ s thick, have a
block-and-matrix fabric but are structurally systematic, with evidence for a compactive strain path and
simple shear along a web-like array of scaly slip surfaces in fine-grained lithologies. These slip-related
microstructures are coincident with silica redistribution, with silica depletion along slip surfaces and
precipitation of quartz and other silicates in veins within coarser clasts and along extensional jogs in slip
surfaces.

The fault rocks contain several features that suggest a record of slow slip and quasi-dynamic fault motion:
1) scaly shears represent locations of diffusive mass transfer, suggesting linear viscous flow, a rheology
favored by low strain rates, 2) there is clear evidence for repeated antitaxial and syntaxial cracking and
sealing, in some examples directly related to slip on shear surfaces—an observation that is consistent with
slip instabilities as it requires cyclic behavior rather than continuous creep, 3) the zone of deformation is
wide, indicative of distributed shearing on many slip surfaces, with large slip distances and a strain
hardening process on individual features, and 4) small (10" s of microns) magnitudes of slip during
cracking and slip.

We propose a conceptual model for propagating, slow ruptures that move at rates dictated by shear
processes within a zone of finite thickness. The fault rocks suggest that stress rises at the propagating
front of a slow slip instability, leading to quasi-plastic failure in the form of scaly slip surfaces in the
footwall. Development of slip surfaces represents a weakening mechanism due to loss of cohesion or
alignment of phyllosilicates, but each slip surface subsequently hardens because of increases in normal
stress associated with hydrofracturing or by the activation of a hardening mechanism such as pressure
solution and ensuing reduction in fracture porosity. Thus, the development of a distributed scaly foliation
and vein system leads to initial softening but has an inherent stabilization mechanism for putting on the
breaks and keeping things slow.

Based on these observations, we construct a kinetic model to estimate the time required to seal fractures.
This model accounts for the interplay between spatial gradients in chemical potential and pressure within
a vein-rock system. Vein sealing is driven by diffusive redistribution of Si from solid-solid surfaces to
undersaturated veins. The model predicts that healing of cracks in subduction zones occurs on secular
time scales. Temperature exerts a primary control on healing rate and variations in the temperature
structure of different convergent margins leads to a wide variability in sealing times. Correlation between
plate age and the b-value of earthquake size distributions could reflect temperature through the kinetics
of reactions and the healing rates of fractures. The evidence from ancient rocks for stress cycling,
repeated fracturing, and thermally activated crack healing in underthrusting sediments could play an
important role in modulating the behavior of the footwall of the subduction interface, and the spatial
roughness in this behavior for different subduction zones could be an important control on seismicity.
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HMEFHNEANS LUCEEMEARICE DWW AmBARICS 1T 5 WMEIFREE
HOEX
Constraining the thickness of tremor source region on the basis of
seismological and geological observations in southwest Japan

*KHE MR, FEE =R, KR EAR® Fagereng Ake®, Bt 8. KT &#?
*Kazuaki Ohta', Yoshihiro Ito', Kohtaro Ujiiez, Ake Fagereng3, Satoshi Katakami', Takahiro
Kinoshita®

1. FERKZEBA KRBT, 2. FUEAZ. 3. Cardiff University
1. Disaster Prevention Research Institute, Kyoto University, 2. University of Tsukuba, 3. Cardiff University

IEEDOHRICLY, HRAZHMDEFAAFTICRET ZMEPRAO—) v FEWVWo7—FEDW > < YHEIX
TL—MNERTRETIHEAMIRVIERTH D Z &M HH > THEi(e.g. Ide et al.,, 2007). HE K D EHTH
SHEINZMIAODHFIXERRERELSH, AL L TCREIABICHkMDBEEF > TWSH, HEZMA
BRYFEVWO LTI INSDREEFHIFESIAFLAVEERARINEZ &S W, — AT, RIEOMBEZME
RHASIBEDOHENEHORIBCTIERVWHNEZEZL ONZMEZRZENR O >THY, MEREBREHIH+mD
E#EFE DI ENREINT LS (e.g. Ujiie et al., 2016, AGU Fall meeting). MBI EERICEDIREDEZ D
EETHRELTWEINAIBETZI LR, MHEECW K WHEDREXA N AL EEZ D LTHOHTEE
THd. AAETI, HER - WEZERAOT7 TO—FH S I OMENBEEEHOE S OFEMAE K& 7-.

WESHNART77O0—F& LT, AEEAONEISICKE T 2 RBHEBOERELHTOEAICEEL, HEE
HORFKE L THEIZEKT 2BERKRMEDOERDH 2 MICAN. BRENROBEEOHEEEEGREOHR
FI(NCC)ICEDW/=NCCEIRREA(Ohta and Ide, 201 1) % ME M OHi-netEE KT T — 4 (CEH
L, 2004-2011FICK[RTICE > THRIE SN ERRMES & 240000R, 2450DEERIMEDIEHEIR %
B, RKESLERDOB/ITRIARAICEHRLTEY, HAHFRATL T4V EVET L — NOEFEREIHK
(Shiomi et al., 2008) & FAMMAREZ #F:D. FH4ITISIC, COEBRLBICHLTI T RAY—EBICR/NIFEIC
LB ZEAHEAELZITY, BREHEE DMEARDORENSERSHFOEIZFTMLE. ESEITR
H—ICE>TERDD, BELZF50mH 51700 mOEHEICK E - 7-.

WMEEMNART77O0—F & LT, WMNMREICAES 2 LEAFREEHSIMEDEIEA SV D 2IlHKEZET DA
HERIEH AMIR(quartz-filled shear vein) DA A AR/, BIEX SV Va2 3BEDEMAAZ T L — MNEREE
BLTWEEEZLONTEY, IR EREBEZET LIZENshear vein& L TEHE L RESTW
3. E7=, shearveinh 5 2RI ICISEMEFRE % 1 TEF L 7= 35RIEHY IR (extension vein)H B 5

N, REBEEE TAMKREEBUHERIAHREL TWAEEEZZSNS. Fixldshear veinh BN ERES
BB TH B EEZ, shearveinh"EFR T 2B ZMEIORERIFE RL L TESEZEHAIL, veindDFERS
DRHERNT. ZOFER, BRLEOEBEICERY 5 AMICHE - 7zshear veinDEFRIFDE X (560 mT
Hot-. ERFICE T BveinDIBEUL1147 T, shear veinDAth I E#EE I F 4T extension veinEEBH SN
7=. F7=shear veinDRZIE1~7 mTKREID DT mihEICH%H L TWL =,

HEZHICKRO SNEX (60 m)idk, HMEZMICKD SNEX(50-1700 m)DEHEHEEBMPYTHY, D
Z &ldshear veinDER T 2 EENBEIREMEE THD 2 &5 RET 5. shearveinDRIOMH(~1 m)i&k, it
EFENICEI SN2 ZOMOD > K WHENSHEEINZMBY 1 X(>100 m)&k WM WA, FEESE
DEHICLVERNDOLSHDNNIBNIARBZETHW K WHEZBHR L TWEEEZX B EHRBARETHS. £
1=, EHEEICTE T Rextension veinDEFEIZEBKENRNERHEIVEVWI EERLTEY, SEPoLKY
MEDEBRAN-XL.2TMT 2 LETCHODAN-XLEEETIRENHBIEETBLTWS.

F—U— R #{E). BRKME. HEXSY Y2, KHAHE
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REREBIKEFEREZNICBIT2RIERORT—Y) Vv 7FH
Microscopic derivation of rate- and state-dependent friction and its
scaling properties

KL E 584
*Takahiro Hatano'

1. REKZMEHRA
1. Earthquake Research Institute, University of Tokyo

In this talk, a scaling argument is given for the the length constant in the rate- and state-dependent
friction law.

In general, the dynamic friction coefficient is not the single-variable function of the sliding velocity, as
friction involves some aging processes such as frictional healing. Therefore, one needs additional
variables to describe the behavior of friction coefficient. In the simpleset case, a single “state variable”

is introduced to describe an aging process and the friction coefficient is described with the two variables:
the sliding velocity and the state variable. This formulation is referred to as the rate- and state-dependent
friction (RSF) law. It includes three important parameters and they determine the frictional
stability/instability. Thus, it is widely used to understand earthquakes as the frictional instability.
Unfortunately, to this date, the RSF is purely empirical and therefore one cannot judge its applicable limit.
In addition, it is not clear at all how these important parameters are determined from (or related to) the
physical entity of the fault surface.

Because the macroscopic friction force is supported by microscopic junctions of protrusions, any
macroscopic friction law should be derived from constitutive laws of such microscopic junctions. With this
procedure one can overview the micro-macro correspondence in friction and understand the physical
meaning of phenomenological parameters in an macroscopic friction law. Here we carry out this program
for the RSF law; i.e., we derive the RSF from constitutive laws of the microscopic junctions. Consequently,
the microscopic expressions are given of the RSF parameters such as the relaxation length Dc. The
system-size dependence of the relaxation length is discussed.

F—U— KR EEER BRBYR

Keywords: friction law, critical slip distance
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Deformation experiment on quartz aggregates with high water
contents at high pressure and temperature

*fE Bk, Hirth Greg®
*Keishi Okazaki'?, Greg Hirth®

1EEMRBAREE. 2. 750 VKZE
1. Japan Agency for Marine-Earth Science and Technology, 2. Brown University

Large earthquakes typically nucleate near the depth limit of seismogenic zones. In these areas, high Vp/\/S
ratios are commonly observed, indicating the presence of high pore fluid pressures. Thus, it is important
to understand how the water content (both water in the crystal and in the pores) and the pore structure
affect the rheology of polycrystalline materials.

We conducted deformation experiments on quartz aggregates using a Griggs-type deformation apparatus.
Samples were hot-pressed from silica gels, which contain "9 weight percent water within the amorphous
structure and absorbed on the surface. Hydrostatic experiments within the alpha-quartz stability field at a
pressure of 1.5 GPa and 9000C indicate that hot-pressed samples are composed of quartz and no relict of
amorphous material is present. The average grain size and porosity of the hot-pressed aggregates is about
6 um and 0.23, respectively. The grain shape is equigranular and no crystallographic preferred orientation
(CPO) is observed.

Initial results from general shear experiments on the hot-pressed quartz aggregates at the equivalent
strain rate of 1.5 x 10 1/s, a pressure of 1.5 GPa and 900°C show very low strength (equivalent stress of
140 MPa) and nominally steady state flow at shear strains up to 3.5. The samples show weak CPO; a-axis
of quartz aligned parallel to the P direction. We also found an evidence for strain localization along R,
riedel shears, which structure is characterized by high porosity zones. In contrast, deformation
experiments on cores of quartzite show dislocation creep at this pressure/temperature condition.

The stress exponent nis 2.8-3.4 indicating that the dislocation creep of quartz presumably controls the
overall rate-behavior in the quartz shear zone. The measured stress from the new experiments is
significantly lower than predicted by the wet quartz flow law (e.g., Hirth et al., 2001). The low flow stress
and R1 reidel shear zones suggest that the stress enhancement process (Hirth and Kohlstedt, 1995) is
activated by the high volume amount of water or perhaps the effective pressure law is still applicable and
the sample deforms by a semi-brittle flow process.

-7 II-BIER, TS, BE

Keywords: brittle-ductile transition, strain localization, earthquake
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MBS % AW/ BT OERRMOHTE : BEIFIHT DA
Determination of the deformation conditions of the shear zone using
fault rocks: an example for the Asuke Shear Zone

&3 A

*Takuto Kanai'
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1. Graduate school of creative science and engineering, Waseda University

IEL®IC

BEEMEIIENEEATEE #d/0 & L TNE-SWABICH14kmICh 2> THRET 5. BEHORSIE
BREOFRNEENFE TH . BMHICIEDERICAI L —H A MDD HEL, FDOEDHL.SkmDEHT
a1 —REFS4 M1 054 NE2TT 2 (BEEIFHN, 2006). #FEE & IERHTMNBELNSHESIND
Bt R EMBRYZEDAETNESRY. S0, A0+ MOEBE L FEEDHRAD % F A
LEEISHBENT AT 272D T, ZTOHEREIEATEMBEMTOERZGH EHIGNIFZICOWTHKRET L.

1. BRHEMHEDESH A5 LIEISHABEO#E

JAOFA MEESIIEMTEOEMAR EFETICRE EEZLNTHY (Simpson, 1986), Wallace-Bott{k
MARYIIDETHI, Bt ADHENTESZ MO 14 NOEBES & B EI/NNIBDOTARY
T—Y EARICIEDBFICFIAT 2N TES. FEHEHROYA OF 4 N OEEEDZRZEIZENE-WSWEH
TH70° NERIZ R L, #R#EEIF40-50° NWICIE T 2729 . HoughZH#Z K 2 AR (Yamaji et al.,
2006) AW THB BT > R, RLRE LT, o BOER/LTAN183°/63°, o BDEM/ LT
AH310°/14°, Ak e=056H1EF5Nn7 .

2.4 071 NOEFRREDHE

RAO0F4 NS IIENBRERAROERETEBERS (LPO) X4 —r B L UHNELHmEFIA LERFY
DWENTThbNhTWB. Z&EF%ERT cElILPO/X 9 — > D 5300-400 ‘COEFEED, EHREHNS110-130
MPaDZS AL HEE T W3 (Kanai and Takagi, 2016).

3. FRAEE R @ ERWEHIS AR, ERRIEOHE

FRAZHERGENAT LM 04 N BRBZFRICE > THRABHAITO>ZENTES. Ya—NK
SX74 NOECKRBEEZRIET 2 HBADEHREN SIE, o BOER/ L TFAHN228°/55°, o MDE
B/ TFAHN320°/1°, @=0.78DRLMIHE SN T3S (Kanai and Takagi, 2016). EHMBDFEHL S H#E
EINDEIWREFDZEFEE (Burkhard, 1993) 1£150-200 ‘CA R L, WN@EEHISHESINBEIGH (Yamaji,
2015) (£40-80 MPa%~9.

BmEFEED

RAO0FTA MNeFBRAERREDSHESINABATVVILDOIRT 1 v MEIF23.1° & BN S WMEE R
L7z, $hRbb, BHEE, ZRNPEFROREIEVSHZICEIDIDLLT YA AOT1 M AEAISHTE
SNAEERNEHIEAROAEZRLTWVWS, D&, ARAZERNREDOL D BBHEREENSTH, ¥
10kmIFBOBMHE KR L-HIS O AR EHETE 2R 8EEATEB L TWS.

FRE)I RS DORINBIR (LIF, 2013) 8LV 21— RYF S bhOI LAV T4y va v hIv I E
X (Murakami et al., 2006) & ZHEEDBEARN OB ORHAHET 52L&, ¥4 OF 41 MEIEH70 Ma, HiE
ADOMBEFIEHS0 Mas 722, BEIEMEICIEMEMRE LY/ 04 N EBEROER 2 REBT SHES
EAEHLTWEY, NEIMBEOZERBIEDEBTESEOR—BLTHY, EROZTHEBHETEHIRGIE
HEYEELED>7EEZOND. TbbBEEMTIE, 70-50 MadfE, o BANW-SETIZIZFKE, o
JEASTSSWICHIEO L T 2R AL NBTHREINIEEZONS.

ik
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