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(ENMLT, FIcEFNESXSCENTE . T, AEDHIEICERIRSNZ I 7ERIOBRMNS, JT7ER
EFHNOBREAE OB (CEBWTHEDICEETRLIE.

F—O—R I @EFIVAKXREZRLL. I7EEE
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Searching largest displacement zone of the 2014 Orkney earthquake fault with strain data
and using Map3Di for scientific drilling.

*AHE =t SR B VER BXE. AE A Durrheim Raymond®’. Milev Alex’. AR BAYL 1L
0 \e’

*Akimasa Ishida', Hiroshi Ogasawara', Hiroyuki Ogasawara', Taka Uchiura', Raymond Durrheim’?, Alex
Milev’, Makoto OKUBO!, Teruhiro Yamaguchi’

1.376BB A%, 2.Univ. Witwatersrand, South Africa. 3.CSIR, South Africa,. 4.BXIKZ. 5.d6BEKFE
1.Ritsumeikan University , 2.Univ. Witwatersrand, South Africa, 3.CSIR, South Africa,, 4.Kouchi
University, 5.Hokkaidou University

The largest event recorded in a South African gold mining region, a M5.5 earthquake took place near
Orkney on 5 August 2014. This is one of the rare events as the main- and after-shocks were recorded
by 46 geophones at 2-3 km depths, 3 Ishii borehole strain meters at 2.9km depth, and 17 surface
strong motion meters at close distances. The upper edge of the planar distribution of aftershock
activity dipping almost vertically was only some hundred meters below the sites where the
strainmeters were installed at distances larger than a few tens of meters from tunnel. A scientific
project is planned to drill into the 2014 Orkney earthquake fault from the localities near the
strain meter sites. It is a rare opportunity to recover fault material and fractures, to measure
stress, to monitor after drilling at the M5.5 seismic zone.The final purpose of our research is to
understand how main rupture stopped and why aftershock have occurred in sequence as observed. For
this purpose, we attempted to constrain the largest displacement zone of the 2014 Orkney earthquake
fault that account for the observed co-seismic strain with Map3Di to suggest where to drill. We
checked polarities of each component of the strainmeters by comparing the observed tidal change
with theoretically calculated tide Gotic2 [Sato and Honda (1984)], modifying the polarities of a
few components with problems. Identical responses were recorded with the three strainmeters to a M4
earthquake at a few km distance, whereas .much larger (up to 1e-5) and different responses were
recorded to the M5.5 earthquake.We calculated strain change of each component of the three strain
meters by assuming uniform fault slip over a rectangle area with a same aspect ratio of aftershock
area with various areas using map3Di. We found the rectangular area with a uniform fault slip of
0.5 m can explain the observed magnitudes of strain changes. However, we haven't yet evaluated
local effects that might cause discrepancies in each component of the three strainmeters. At Japan
Geoscience Union Meeting 2016, we are going to make a follow-up report.

F—O—R I @EFIVN. BRERZE. EEHEE. E5—5. HEREES
Keywords: South Africa, Boundary element method, Drilling project, Strain data, Seismogenic zones
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Spatio-temporal variation of the stress drop revealed the generation and migration process
of the 2009 swarm activity at Hakone volcano
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FEARANILIEHA0 B ERIN SEBE RO ITENLTH D . METEXNLEENERTHD, LIELISTERMER
HSERCHRMENRSTAINS . CSUERND. B#REMEOREXANZILEHESHNCTBIC ElF. AN
B DERNSEEBLERZNDD. 2000FE8F48NS12BICHF THEIBTHRE ULBRNEL, SEERE
DMBIRRENTIM T 3 EIC K> THFERINZCEN. SRBEICKRODSNEEROIFZER I MHSEMERN
[CmEM/z[Yukutake et al., 2011].

Z_TAMETIE. COBEMEDORNIBTEEKGDDCET, BEMERE TOCIERMAE DBEEMECD
VWTCERT D. NREEFANLFEOHIBEBENEHETHD. W DOHEODMREZRICANDIRENRD D
EOHEBRNELT ) — VBB ENRETHSD. ZD, ICHBETEDHE (C(FRBRINTY — VEREER
WCERREBHERBED, MBHR(CMBIDIFERZHVC. AAETE, BEBHI —VBEHOREHE
HEVIZF1—ROEMNBLE, EEOHEEEBREMN0.6E, E—XYEVYIZFa1—RR1.KEEL
2. E=XVRVYOZF1—RORGFBFUSERADREE VI ZF 1 — ROKEMEEBRFENS BV ZED
THhd. BEEONLINETEE—BINEHRAEC ERNBMEZ RUZCEHD, RIBEDBAICKDE
WHERCNIDETICLIBHRMERETOCINTREING. T5(C, BNIBRTENBICRZEERZ/ILNARSN,
EROILE EEICRIBETENBENRRRICKE KL ODTUVDCERDM D2, DT ENS2009FFEIREFH
WEDRECDVT, FEOVHREMBERANDOTEDEA (CHSEBRKEND LENRFERELD, Z0RIF
TRARDILEUC A O\ REBRKE (FE T I3 — A TR ICRE UEBRME IC L DN HNEABER L TL ST EEENR
TEINE. AEKRTELEEOBABERICDVTEHRSE L, 2009FMRERMENDREXNZILICDVTER
95.

F—O—F RN, BERIE. RERT) — VEEUA. IGAORETE. TUAREA

Keywords: Hakone volcano, swarm earthquakes, empirical Green’s function method, stress drop,
invaginated the fluid
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Early rupture process of 14 March 2014 Iyo-Nada intermediate-depth earthquake inferred
from 3D and 2D source imagings
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2014538148 (R FETM,, 6. 20RREMERREE Uz, BIROESZT8 knT, CORSETrUEVET
L—kDIXSTHICHED. AAROBEMIEIIRTR LRI X —I >V (back-projection)mE U\ THRER
SR OMERIRVIOBRIRBEEHEI S CETH D, WBITICIFTERER105 kmDANICHDIRRT, BHERIF
AP, EERMMESMAMOSREMESH IBERR RS 0R CERRINITREO L TaRsEHEAL

2o SRTLTDAA—IVIDIER, HKEERDOERME (S)DMC, RERHNSK0.7 sBOEBREAILLES
(S1), #92.2 stBMERRHMI km F5#I6 kmfTiE(S2), $92.7 sBDERESHIS kmF5HI7 kmiTiT (S3) D3EH
FRICZENZNIMERRAOASEEENE DN Oz, CNSEHBAITI NI, EREED[IRTIEHRE
BEEOEM22°E, ERNE°OHHEZEE L I VHHRENER S, S2, S3EBORKRTNTEOEM244°E, &
MEWOHHEEME L I3 EREMBERO2DOKMBHEEE I SMETTIVERET S, T, ENSOKE
HEEELURZLRITTOAA—IVIDBERNS, EREHEBEITERNDE N7 knDRZEEDC EHRD
Molz, BRIEBREE LU TIERDELSICEZS5SND, TTFERTHRE ULBIEAUA(ICIEDD, RERNSH0.7
SIEICSTDRBTARILEIRDEF|FTR Uic, TNEEFRIC, ERMNSETHICEAZRIERNAEEIENER(C
‘OB ORLERICSZIODMET, L TAICEABERERENERERICEDBDZCHNSSTSICHAICEAT
SSDUBTENETNASHEEIRES TR LIzEEZX 5N 5,

HE . AARICERRT, BHERIZRMMATR, EEXRMREMEMOESREMZEABOERGEREERT
BCLWelcEF Uiz, BLTRHFULEZLIET,

FoO— 1 ERE. TRE. BRTX—IU0. WUERTHERRINE

Keywords: Initial rupture, Main rupture, Source imaging, 2014 Iyo-Nada intermediate-depth
earthquake
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What caused the unusual Non-DC component observed in the Jan. 28" 2012 Tanzawa
earthquake?
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FERIL S RISt EREBIAER LM E LTSN TE D, ZOHRATHEEAN_ILNELDIEEZZSNT
WD, BAFBRICEVTIIRENEEDEE(ICLDMERFREE L. FFAERICEVWTIEITrVEVEBTIL— DI
A (CRESEE(C KD IIEMNFESE L TLVB [Yukutake et al. 2012], BFICAEFBRTIECNE TICVI Z
Fa1—RM) SUEOHENRKEELCHEELTUT, ZOZL(IHIEEMHL). RERBRIEIAREODZNE IR
Ho2TUWBEVWSHEEN DD, RIENRREETIERHICDVTIIBFEALEBRINLINTH D, FERENLER
[CIEFED>TULEL, 2012F1AICAEMRICEVWTERIE U ICHIEFIN TIEZDAE. RUBIEICH L) TNon-DCAK
DTHBLVDRAMREEL TLBCENERIN, AREOVIZF1—ROREBICHVTIFZENSOEAE
FEAERSNEN Dz CNONHREMBEIERIDC L. FIEEMNSHEDKEBERASNCISD LT
EBICEETHDEERD.

AAETEZENSDREEBEERSHIC LILVDRFOBRREAICDVWTEZX TUK CEEZEBMELT. E—XV K
F UV IV E ERRREREREEN T o Ico AAEICH (FRIEEBRICDOVTUTIC. TEHB, ERUED
BRHFE. BARKELEDELEBENSKRIELIER. ZNSOVTFNERENTOUDERITRERE(FEX
SNEh oz, EREREEHEEITICEVTIZ/NRILIIRDEDTIIEVWERLREIRNE SN, R CS(F
DEMIIBFRNDEENTERINZ, EROKSTEBRENSCLVIERSTOREE U TIIERERBRDRFEICK
SEHOWEBRIERNEEL TULSHREMERSV\C ENTEBR. RERTESTSICE—X Y LTV VILEBROBZE
BZEZEBESHMIL. FERILTICH (T ERLTHER EMEFH DOV TERLIZVLEE X D,

F—DO—F FERILME. RE#BERE. (LVDRD. E— XY ETYVILTrVNA—T 3y, ERREREH

Keywords: Tanzawa mountain, mechanism, CLVD component, moment tensor inversion, moment rate
function
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Characteristics of the rupture processes of two large earthquakes off the south-east
Kushiro area in Hokkaido in 2004

)|l Az, A BmEs. LA =8’

*Tomoyuki Sagawa', Yuichiro Tanioka', Takuji Yamada’
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ARETIE, 2004FE 1B E12BICEE LR2DOIIFEHHE(M7.1EM6.9) ICDVT, BIREEZEBTLE. C
D2 DOOMEF, KFEFTILU—FHELOEVICEET BB TESZIFZERURBOMETSH D, SHEDKM
ECHRELURZ. COBEEIE, 1961FECENBED2DDMENIy BORBRETES EETH D, 1973FIRE
SEE AR 2003+ ME(CARINDI LS, KEFTIL—FELTEDIRUFRE T IMBHROKMENDER
BICHINZEHTHSD. £oT, CO2DOOMEORHICOVWTHARBCEF, XFEFTL—ELOBE®
IBNIEENEEMEEZEXD L TEEETHD.

2D DI HIEDISEMERRD 20T, BEIEA(K-net) (CIRERAIKN T — VES¥EE AL\ TEIRIFRIREHK
EROHL, AUAICKEL CEERGIREOZL, DEDTrLITrET+MRICDVTIREEZE

Tolz. ZO/ER, NADOMEGEDMARICBIEMERL, 128 OMEEHI8knIb 75 (M (F THIEAMER L 28]
eSS NE. Fe, REDBZERENLDMNS12EDMEIII—(CHADET UIzalfeENREB S n
. SO e, +HESHIE (M. 0) DRMEBEMNEC 2Tz MBDOMEM7 . 1)AFEEL, ZNICK>TI2H
DIE (Mwb. 9) INFEE LTz 1973 FEOIREHHIE (M7 .4) DERIBERIES D2 (T O BMEEN > 2126
tAET(CRIEMERUIZC EEREBLTULS.

F—O—F 1 2004FSEEFIE. BRBE
Keywords: 2004 Kushiro-oki earthquake, source process
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Dynamic rupture model of the 2014 northern Nagano, central Japan, earthquake (Part 3)
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1. BRSSP JEME - KILERFRERR
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0EEFEIOME (M,,6.7) OENZNERESILICOWNT, AIE (F, BAMERS015EREL
2) [CBIFHLTRELE. COMETE, ERFEORRES TR, FRMECA > THRILENE NS
MICRH SN, BENEOILRES TIEESNTOLL (BRIFN, 2015) . —75, BEEEERVE
BEYA—T3 VTR, TROOAZVELR, TICEEOILREACKHSNTNS CEHEN, 2015 )
FRIEA, 20155 2, 2015 3811, 2015) . WE L < @FTHINONBEERE T 3 LM IRET )
Tld, HRMEREE T RO EORMELICHIAT B EFTIEN SR (MIHE, 2015) . 20T, KB
BIE (SR, 2014) COMTRR (B5SSRISRARRIZRAR, 2014) ORUVISTE L, MBS 3 HEEET X
Y RRDDET A Y ~OBEICHBIMBES L ERN LR, AENBRERERFTESTEMENHSC
ERRENT.
IRBEOHEETTILELEGISE, 098 (2015) ERACEOERVE. S8 - Wit (2015) ABRELE
ABERURBONHE MRETH T — 5 DRGSR (KREFH, 2015) EBE(C, EANWGE, 2 knk DEVEH
TIIEMERMS®, BV TIIENEN6°, WETHOZEZ knk Uiz, BRI YA—I3 Y TIRDDAZ(
SEIC XIS T B EEALERRI10.1 kme, HRMIEENTE SRS 5N 3 EERERIS knD2DDTEI XY RS HS
L, WBLSEEN. e Lk, BRAFEEACIAYRCHD, 100EIAY ~E2 knd—/i—5vFU
T, 2 MERFvITSE. CONBESILE, SHEBOMR L — MR (S&F, 2014 ; SRR
HIZErR, 2014) CEHONTHS. FlC, 200ETAY ~OBIC, TDHRBEE HBRERTT XY ~ERE
L. ¥, BEOILERTRERBESAMERMEREASEESNTOEVT ENS, KA. mOEETE, ¥
BLBORSEL kme LTz,

LEGNBE, 70 Iy BB EZRL, THNGESCHE, BATHIOMEENG0 N IR
(Zh\, 2004) , [5ALEIF0.42 CTERRISZAEN, 2004) , BINELHOASTFHESAT, KSSENSIDE
CBELLWEL, BAERBTICH3ELE. T2, MBRIOMTEETTIL (BRI RImHR

AR, 2003) EBE(C, B nEERET B IEBEERELE.

ERBOEFIVCHL, SBETIAY  ECHEBRSEERS, TADCKES SERERIERELT, £
% (Kase, 2010) (C&DEBMMBBREHELE. FRALHEDERN S, IKERLEI XY ~ORBEE
RS X Y - OEHMCEEMNER LT <, AEOERBRERHTESTEMNATINE.

F—OU—R ! BHENERET L. 04ERFRIGBOME. #E>=2L -3V
Keywords: dynamic rupture, 2014 northern Nagano earthquake, numerical simulation
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Relationship between various Source Characteristics and Slip Distribution determined by
Source Process Analysis with Teleseismic Body-Wave
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1. [FCHIC

CNFET. [ETHR—LR—IJ L THETERE AR L TL S EMRERERBERETODRERUBEEE
BiEL. BRICAVSRE/ \SA—FERDBICHICHBEELDS TOTLIICDODVTERETOCE . TDIE
RNBCPEBEBBELED/IASA—FEIT—Y YV JRICEDIETARY FOBREREICIGU THRET S L
T, BREICLB /IS AT DFETERL U (CEERIERERBERTZT O ENTES L S(CE DT
ZC T BRICERYT SEHAROENRUPRIBDHEHIRD EFETTVENLUAD/ IS XA —-FRELEEH
BN (C1T S EBEBNLOEMRIERERBERT CEEEEN) (COVWTFEETE DEBMTEROLRET /2
ECB ARV EDBEICELSTFEZLDAARY NTFHEFEMBEL L SHBTEREF/ICENTE
lzo UL =8ORV LTI EEEBRNTE FERBTOIANDDMICKEILEVARR SN,
CchCENS, ANRRTEEMERRUOFIHERICELISIITADDRIGEBVRRSNEIDONERARDEH. T
RO P EREDMOERDBIREEF & DR ET DT,

Fle. INDDMERAREDUEFT LRI S ETECICANBRENARSNENE SHMCDOVTERAN

IZo

SENHFERTE. EMREKERBEENTC LB ITRNDDHEERORLLFFEOBERECDOVTERD I EH
JZDTZD/RRERST Bo

2. BBRISE

SEBETOTS LAY M (2014) ZFERA LUz, BRRFEFIRISOLFEEMERFEEZFERL. 1R ~DORBRE(IC
IGUTH YTV OBRE N Y A DERBESRE Ulz, RAIRRKRIEEARDAARY LCDVLWTIFRRT—TT
{EEROBEZFEAL. BADAARY SIDVWTIEKEMERER (USCS) NERMEZFEALC. MEEOE
[ @R IRDBFEFEARDAARY SCDWTIEFSIKRTMTOEZFERL. BHAD1 AR ~CDUTIEGlobal

(MTHE (GCMT) SFNEEMA LU, MEBE IRBEMBREPRRICEEL. TRV ORE(ICHE L TNBO T 1
REHERTE LR, ERRERREZEI=AFEOEERHNIIE ENDREANROEE ¥R ~OBRE(ICIG U
TEEREUZ, BT IBIRREBRNSBIE IO Y FAAREIRD/NFEB(CRIET DDICET SR E/N\WIE(C
BT IHRARFEONME UTHRE LIz, SNWBDY) — VEHOSHEICAV DM T RERS(C(ZIASPITD
EFIVEEZ. ERMATIEMRUST2.ONDETIVES X 2, BEBRNEHSHNTESZ ZIHRRHEFICDVTIE

ABIC (Akaike (1980)) MENEED/IISTA—IEEFE Ulc, RABIBGIERE (FIRERAIBAMRR (Geller (1976))
HSSEREMO.7UEE L THRELR,

3. LEEISIE

(1) B CRELBZNWEBICHTIREHERAN. BNWBICHTIIRNDEEDLREIT O/,
(2) IRDDIMHSHREPEEHICH(TIMREFEFESHE L. BROBREFE DR ET O,
(3) RAREDMEL. BAKREDINDDHFERAN. BNWBICSTEFIRDBEDHRET O,

HEF | IRISOILHEIEERAZ. IASPOTR U CRUST2. 0N T REBEETILERAVE Uiz, BLU TRHABLF
9,
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Simulation of Recurring Earthquakes along the Japan Trench
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1. [FUsIC
ZEEHHSEHICMITIERE M) 7-80 S XDMENRSEHTIEDRULEELTCLBERSNTS
D, TSIC20NMECEIMARFEFIMENFEKE LI ETI S IDMEERKRICEDRLUEELTUVST
REMNRS B EEDN DT,

ZC Ty CNSMT-90SXOBORUERE T IMEORBRUOREEE (1) Z2ERIT IMERED
SaAL—Y3aVEFILOERERH D TZDBRERSET D,

2. MRS
BEREONREUZBEDERUEET ST — ~EMER. WERAEMEHEEATMERERESR (2011) O M=
BEHhO\S BESRCH T TOMEFBORITME (F52R) (CDUVWTY £8E(C. ZREILEOME (M8.0. T
1004F). EHEAHDOME (M7.5. T404), =EHEENEEF D OME (M8.0. T1104F). KIHEHDMME (M
7.0, T205F). HALMARFFHEOME (M9.0. T600F) &L, CDIFH. BDEUIMFBARETIEEL
ESHERSE & U T 18964 (C=REHRMEEBET O CHRA LERINE (BAZEME). 1938F(CEBRFT
GmRULHEEHIASD. NSOV TEBREAI D,

MERETrOINEI =1L — I B3EFIVICE., HERRHRZEZRLTHIER (Rice (1993)) hSEMN
SEHMARARVIARNDRE - KEBKZEZEENA] (Dieterich (1979)) &ZDHFEHIcomposite-law (Kato
and Tullis (2001)) ZAU\z, BITEIHIE T IR T R+DCEEND LD ICZEHHNSBEHRPICHNFTTD
BEHERELR. ZXRTTIL— MBRDOFIR(EINakajima and Hasegawa (2006) (CHEL\. TEAAKIS kmdD=AEHE
TIV17,501ETRIBUTZ, BEICHTDIAFEFT L — DL AHEE (EIWei and Seno (1998) FEE&E(C. db
(8.2 cm/year) MSE (8.0 cn/year) NRR(CINSKEBKDHFELR. 7 IR T+ DEDITHRGLERE
(2005) CRENIZKIBET ILEFESE(CHELR, BEE/ISSX—5 (A, B, L) FBRMEORERUERZ
BRTET3LOETERMNICHE LR, COEZE, PIRUFT v OEABOMBESE (BRMEE) NEERL (A -B
>0) THRIETIL (BRIEIRDEETI) & SREENREESEWL (A -B<0) THIETIL (BEEE
FIV) D2T—RETVRXAYNN—E U,

3. BRVTIERR

BRIFRC. ZEHRHSEBRFICNITONT-90 S INEDRUAEEITIMEICOVTRERKBIRTELEST
JLTOBRBEPERE. SREEIARDBET)VC=EEILEBOME (M8.0. T61-1034F). EFEHDOME (M
7.4, T30-745). ZEEHEEEEST D OME (M7.9. T104-1304F). ZHMEHPOHME (M6.8. T

14-524F), A AAEFHBEIOME (M8.3. T7203-2328F (ZFNS5NHEIC1EMSEHEDOIE)) T
Bt EH. ZEEAEDOMMEDOHRER(CZEHDBBET D CHENRRET ST —INRRSNZ, T, EBE
HTEEHO T IR T+ REH L THEL LD T —IMES5NI,

—AOKEBRETIVCIE. ZEEILEROME (M7.9. T66-1404F). SIHEHDME (M7.3. T31-1494F), =
BEHREEREEZT D DOME (M7.8. T7120-2164F). ZIKEHDME (M6.8. T9-514). FRILMAREFHED
HIEE (M'8.5. T7294-5264F (ZNSEOHFEICIEIMIDIE)) THolt. HH. ZBEHDEEST D TIIMEL
5Nz BEFTIIEHD 7 IR 7+ NERL THEE LT —IRES5N T,

COEET. METIICHIFBRIERT7 IR F 1 FRAIUEFHERELVLRAUCER/IISA—9E5XTUVEN, HED
EERABEEEBRETILOARRLLE 2 (L. RiARFEFHEOMEBRIICHIFTEIET IR

T DABPEAETILTEREL ), CNF. BREZEIRDBEFTIVICHARBBRET IVLOANSRERICHS
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(TRMEBRDEBHNLIARDENNS K PIRYFaAOO—FT 1 VIL—RRNSOVEHEEZXSNS,
SIE. Y= 2L — bINEERISAFEFHROMEZ L DEBROMEBIA (IS HIC. BEALDT X
RUF 1 ERDICER/IISA—FEENT SHBRETEITUL L,

F—O—R I MEREYAOIIZaL—T3 Y. RiGMARKEFHE
Keywords: Simulation of Recurring Earthquakes, The 2011 off the Pacific coast of Tohoku Earthquake

Figure 1. Friction parameter [z - b) [a) background stable
slip model (b)Y hierarchical model
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Figure 2. Slip distribution [a) background ztable
zlip model [b) hierarchical model
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Simulation of the Nankai earthquake cycle -Quasi-dynamic discrete-cell model incorporating
rate-weakening due to thermal pressurization-
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At the subduction zone along the Nankai Trough, SW Japan, large earthquakes around M8 had occurred
repeatedly. Their intervals (around 100-200 years) have been identified precisely from old
historical documents combined with geological surveys (Sangawa, 2011). The most recent events
occurred in 1944 (the Showa To-Nankai EQ.) and 1946 (the Showa Nankai EQ.) when modern satellite
geodetic networks had not been developed yet.

The existence of short-term aseismic processes before the 1944 and 1946 events has been inferred
from the leveling or interview records. Two-times level difference measurements showed the
displacement of north down before the 1944 event (Mogi, 1986), and the water level of some wells
were reported to have dropped before the 1946 event (Sato, 1982). These phenomena were observed
within several days before the earthquakes, and each could have been caused by 2 m slip on the
plate interface at the deeper extension of the seismic region before each event (Linde and Sacks,
2002).

In this study, we simulate the cycle of large earthquakes in a quasi-dynamic 2D model to
investigate aseismic slip acceleration in the deeper extension of seismic fault. We consider a flat
plate interface with a shallow dipping angle of 15° for the depth 0-6@ km mimicking the Nankai
Trough. Following Nakatani and Scholz (2006) and Yoshida et al. (2013), we introduce an intrinsic
cut-off time for healing into the state evolution law of the rate-and-state friction. The intrinsic
time leads to a corresponding cut-off velocity (V) beyond which velocity strengthening occurs. We
assume that V, is depth dependent (1-10° m/s). We show that this depth variation in V., can
possibly produce large aseismic slip.

In our simulation, the bottom part of the fault below the deeper extension exhibits a constant slip
rate loaded by a subducting plate velocity (4.5 cm/year). This bottom slip drives the adjacent
deeper locked part and aseismic slip starts to accelerate. Because of the introduction of low V,
there, the slip cannot monotonously accelerate to seismic slip at the same depth. Instead, the
aseismic slip propagates to the shallower part where the slip accelerates following the
increasingly higher V, at the depth, and finally reaches to seismic slip at the shallow part with
the large V. The seismic slip starting at shallow part then propagates bilaterally to the
shallower and deeper parts, and develops into a large earthquake. For example, the point at 20 km
depth starts to slip aseismically 5.4 days before the earthquake and 54% of the slip occurs as the
precursory aseismic slip. The deeper part produces the longer-lasting aseismic slip with the
smaller velocity.

This simulated aseismic slip may correspond to the several-days precursors of the 1944/1946 events.
Our results also suggest that the observed short-term aseismic slip acceleration is a part of the
longer-term aseismic slip that has started at deeper parts, which may be detected at the next
To-nankai/Nankai earthquakes with the help of recently installed modern observation networks
(Do-Net, Hi-Net, and GEONET) around the Nankai region.

This study was supported by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) of Japan, under its Earthquake and Volcano Hazards Observation and Research Program.
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Dependencies of pore pressure and fracture distribution on elastic wave velocities for
thermally cracked rocks : Implications for high Vp/Vs zone related to slow slip events
along plate boundary
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Seismic studies have found that there are high Vp/Vs ratio regions in oceanic crusts at subducting
oceanic plates (e.g., Cascadia (2.0-2.8) (Audet et al., 2009), Nankai trough (> 2.03) (Kodaira et
al., 2004)), and the correlations between the location of high Vp/Vs and slow slip zone have been
pointed out by several studies. Christensen (1984) indicated that high pore pressure may cause high
Vp/Vs. It is also known that Vp/Vs also depends on porosity or pore structures (fracture
distributions). However, the relationships between Vp/Vs, pore pressure, porosity and fracture
distribution have no investigated in detail for rocks composing oceanic crusts.

This study reports the results of measurements of Vp and Vs (transmission method) at controlled
confining and pore pressure and estimation of Vp/Vs ratio for thermally cracked dolerite and
relation between Vp/Vs, pore pressure and fracture distributions. Confining pressure was constant
(50 MPa) and pore pressure was decreased from 49 to 0.1 MPa and then increased to 49 MPa. We did
measurement with an intact rock specimen (0.5% in porosity) and the rock specimens heated under
300, 500 and 700°C for 24 hours (2.1%, 3.4% and 3.5% in porosity, respectively). Rock specimens
heated under 500 and 700°C were reddish in color, which suggested a possibility that not only
cracking but also oxidizations of rock forming minerals might affect elastic velocities. Therefore,
we operated elastic velocity measurements under atmospheric pressure with rock specimens heated
under 500 and 700°C at air (an oxygen concentration is around 21%) and at nitrogen conditions (an
oxygen concentration is less than 0.5%), and revealed that the effect of oxidization on Vp/Vs is
several times less than the effect of heating-temperature conditions.

In this experiments, for the intact rock specimen and specimen heated under 300°C, Vp and Vs was
almost constant at any pore pressure, and for specimen heated under 300°C, Vp/Vs was 1.7 to 1.8,
which is less than the high Vp/Vs ratio observed at oceanic crusts of subducting plates. On the
other hand, for specimens thermally cracked under 500 and 700°C, Vp/Vs increased as pore pressure
was increased (effective pressure was decreased), and was more than 2 when pore pressure was over
40 MPa and 30 MPa, respectively. This results indicate that Vp/Vs is not over 2 unless porosity is
larger enough (approximately 3% for the results in this study), even if pore pressure is higher.

We also observed fractures in the specimens by using a microscope, and measured fracture densities.
The fracture densities for the specimens heated under 500 and 700°C were larger than that of the
intact rock specimen. There was no clear difference on the fracture density between the specimens
heated under 500 and 700°C, but microscope observations revealed that there was differences on
fracture distributions such that fine net-like fracture distributions or networks of intra-mineral
fractures were observed more for the specimen heated under 700°C than that under 500°C. These
features on fracture distributions might affect elastic velocities. In general, high Vp/Vs near
slow slip zones tends to be simply interpreted as high pore pressure, but it may also be influenced
by porosity and features of fracture distributions.
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Since Brace and Byerlee [1966] suggested that frictional stick-slip sliding plays an important role
in seismic faulting, a number of friction experiments have been carried out. One of the greatest
achievements is a proposal of rate- and state-dependent friction constitutive law by Dieterich
[1978]. This law has been widely used for simulating earthquake cycles, but the law was originally
proposed at low slip velocities of the order of sub-mms™, and it has not been clarified whether
rate- and state-dependent friction constitutive law can be applied to frictional phenomena at
seismic faulting slip velocities (the order of ms).

In this study, we modified a rotary-shear friction apparatus at Kyoto University and performed a
series of intermediate to high slip velocity friction experiment with velocity stepping by using
this apparatus. In this experiment, we used a pair of hollow cylindrical gabbro blocks with an
inner-diameter of 26 mm and an outer-diameter of 40 mm, and changed the rotation rate of the
servomotor in this apparatus from one value to another; hereinafter we call the former value IRPM
and the difference value between the former and the latter ARPM, respectively. We selected all the
combinations of IRPM and ARPM throughout this experiment: a value of IRPM of either 10, 20, 50 or
100 RPM, and a value of ARPM of either 30, 80, 150, 200, 300 or 400 RPM. This experiment was
carried out under a constant normal stress of 1.5 MPa.

The friction response to the imposed slip velocity steps is characterized by two strength peaks and
slip-weakening phases that follow each of the peaks. Typical behavior of the transient was observed
in the tests conducted at an IRPM value of 20 RPM and a ARPM value of 200 RPM. Rotation rate
overshoots the target value once and is converged to the value while oscillating because of high
value of the speed loop gain integration time constant of the servomotor in this apparatus during
this experiment. Considering this servomotor behavior, the first strength peak is reached while the
rotation rate is accelerating, and the second peak is reached when the rotation rate reaches its
peak value. Interestingly to note, the transient behavior of friction response recorded in this
study is similar to those observed in friction melting experiments [e.g., Hirose and Shimamoto,
2005]. There are many kinds of friction constitutive law, but existing friction constitutive laws
may not describe this behavior. A constitutive model for frictional sliding that is capable of
describing the transient behavior observed at intermediate to high slip velocity tests in this
study is required to be developed.

F-O—F  ERER. BERBEAIL. R-BIRDEE
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©2016. Japan Geoscience Union. A1l Right Reserved. - S5S827-P19 -



SSS27-P20 HAMERSER S EA2016EAS

YA I BIE DB F IR E D BRI IE

Frictional properties of pre- and post-subducting oceanic basement rocks
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On the faults in the subduction plate boundary, fault slips when the shear stress exceeds the
strength of the rock interface between the hanging and footwall. Seismic slip is associated when
the frictional strength decreases with the slip. The up-dip limit of the seismogenic zone coincides
with the stepping down of the décollement to the oceanic basement. Seismogenic process is thought
to undergo in the upper part of the oceanic crust (Kimura and Ludden, 1995; Bangs et al., 2009).
Tectonic mélanges of the Shimanto belt which is formed along the plate boundary fault zone
(Kitamura et al., 2005) contains basalts with cataclastic shear zones. To understand the
seismogenic process, therefore, basalts are key material and it is essential to know their
frictional properties. Here we performed frictional experiment on the basalts from pre-subduction
drilled core in the Nankai trough and post-subduction outcrop in the Shimanto belt.

We performed friction experiments using the rotary shear, an intermediate to high velocity
frictional testing apparatus in Kyoto University. Basalt samples were taken from IODP Expedition
333 Site (0012 as pre-subduction materials (C12G8R, C12G10R) and from the Mugi tectonic meélange as
postsubduction material (MBN-3). We performed constant low velocity test with normal stress of 2
MPa and rotational speed of 0.012 r.p.m with all three samples, and velocity stepping test to
evaluate the velocity dependence with two samples (C12G8R, MBN-3) with normal stresses of 2 MPa and
5 MPa.

Results of the constant low velocity test showed the steady frictional coefficient of C12G8R,
C12G10R and MBN-3 ranging from 0.70 to 0.84 (average 0.76), from 0.60 to 0.79 (ave. 0.67) and from
0.50 to 0.63 (ave. 0.57), respectively. On the velocity stepping tests, C12G8R and MBN-3 with
normal stress of 2 MPa showed neutral depencence of the friction coefficient to the velocity. But,
C12G8R with normal stress of 5 MPa showed velocity strengthening behavior and MBN-3 with normal
stress of 5 MPa showed velocity weakening behavior.

The constant low velocity tests revealed that the frictional coefficient of MBN-3 is lower than
those of C12G8R/C12G10R. This implies that the post-subduction basalt is essentially weaker. From
the results of velocity stepping tests, pre-subducting basalt (C12G8R) without preexisting gouge on
the interface (5 MPa, menu 1) showed notable velocity strengthening. Other runs at 5 MPa are
velocity neutral or strengthening. On the other hand, post subducting basalt (MBN-3) showed
velocity weakening at 5 MPa, menu 1 and 2. These results suggest that the subducting oceanic crust
progressively changes its frictional property that enables the rocks to be potent in seismogenesis
may leading to the stepping down of the decollement to the oceanic basement at the up-dip limit of
seismogenic zone.
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Foreshock activity during stick-slip experiments of large rock samples
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For inland earthquakes such as the 2007 Noto Hanto earthquake (Doi and Kawakata, 2013) and the 2008
Iwate-Miyagi earthquake (Doi and Kawakata, 2012), foreshocks were reported to occur in the vicinity
of main shock hypocenter. Moreover, for interplate earthquakes such as the 2011 off the Pacific
coast of Tohoku earthquake (Kato, et al., 2012) and 2014 Iquique earthquake in Chile (Yagi et al.,
2014), migration of foreshocks toward the main shock hypocenter was detected in one month before
the main shock. In order to understand the generation mechanism of foreshocks, it is important to
investigate under what environments foreshocks occur.

Since 2012, stick-slip experiments have been carried out using a large-scale biaxial friction
apparatus at NIED (e.g., Fukuyama et al., 2014). Based on the experimental result that foreshocks
were detected only in the later period of each run, Kawakata et al. (2014) suggested that the
foreshocks occur only after the generation of gouge. In this study, we carried out a series of
stick-slip experiments with and without pre-existing gouge along a fault plane to confirm if fault
gouge affects the foreshock activity. When foreshocks are detected, we estimate the hypocenter
locations of foreshocks.

We used two rectangular metagabbro blocks to make the simulated fault plane, whose dimension was
1500 mm long and 500 mm wide. The experiments were conducted under normal stress of 1.33 MPa and
loading speed of 0.01 mm/s up to approximate slip amount of 8 mm. During each experiment, we
continuously measured elastic waves to detect foreshocks. The sensor distribution is shown in the
figure below. Gouge materials were prepared naturally during preceding experiments whose sliding
speed was as high as 1 mm/s.

To roughly detect foreshock activity, we calculated cumulative amplitude of continuous waveform
data every 0.01 seconds. During an experiment without pre-existing gouge materials (LB13-004), a
few foreshocks were detected. On the other hand, during an experiment with pre-existing gouge
materials (LB13-007), much more foreshocks were detected. Then we estimated hypocenters of
foreshocks for a stick-slip event (event 44) in LB13-007. Although the initial phases of the main
shock were contaminated due to the coda wave signals of preceding foreshocks, the hypocenter of the
main shock was roughly estimated near the right end of the fault plane. Foreshocks began to occur
in the left half of the fault plane, but most of later foreshocks occurred near the right end.
Therefore, we confirmed that foreshock activity was high when gouge materials were present along a
fault plane, and found a similar hypocenter migration of foreshocks toward the main shock
hypocenter, which was reported for interplate earthquakes.

In the future, we shall examine the data obtained from other experiments to confirm if the
aforementioned features are common.

Acknowledgments: This work was supported by NIED research project “Development of monitoring and
forecasting technology for crustal activity” and JSPS KAKENHI Grant Number 23340131.
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Frictional behavior of smectite-bearing fault gouges in large displacement frictional
experiments under constant pore pressure
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Frictional properties of smectite-bearing material at large displacements should provide valuable
information for the stability of slip in the shallow parts of subduction zone faults. However, most
of the previous experiments are limited by the amount of displacement that can be achieved and the
frictional behavior at large displacements remains poorly understood. In this study, we have
conducted large displacement friction experiments on mixtures of montmorillonite and quartz at
constant pore pressure. Our purpose of this study is to investigate the correlations between gouge
textures and frictional velocity dependence of smectite-bearing faults.

We examined frictional behavior and internal textures of simulated gouge samples composed of
montmorillonite/quartz mixtures. Two different compositions of the gouges were tested: mixtures of
montmorillonite/quartz = 20/80 (abbreviated as Mnt20/Qtz80) and 40/60 wt% (Mnt40/Qtz60),
respectively. We sheared the gouges in rotary shear to displacements of more than 1 m at a normal
stress of 10 MPa and at a constant pore pressure of 5 MPa. During the shearing, these gouges were
subjected to velocity step changes to examine the velocity dependence of friction for a range of
slip velocities v from 0.003 to 0.3 mm/s.

Results of the experiments reveal influences of the composition, displacements and slip velocities
on the frictional behavior. Both Mnt20/Qtz80 and Mnt40/Qtz60 gouges show slip-hardening behavior.
Positive friction velocity dependence was observed in both gouges at short displacement for all the
tested slip velocities. At large displacement (v > 30 mm), Mnt20/Qtz80 gouge shows negative
friction velocity dependence for all the tested slip velocities. On the contrary, friction of
Mnt40/Qtz60 gouge exhibits negative velocity dependence for lower velocities (0.003 mm/s to 0.03
mm/s) and positive velocity dependence for higher velocity stepping (0.03 mm/s to 0.3 mm/s). The
SEM observation of the Mnt20/Qtz80 gouge reveals that montmorillonite particles are agglomerated
initially to form montmorillonite-filled matrix domains. With continued displacement, the
agglomerated distribution of montmorillonite becomes to be disaggregated; eventually the
montmorillonite particles are incorporated into the fine-grained matrix of the gouge. Grain size of
quartz decreases with displacement, during which change the grain shape of the quartz becomes to be
more rounded. It appears that increasing degree of size reduction of quartz grains and a more
scatter distribution of montmorillonite particles correlate with a more negative velocity
dependence of friction.
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Experimental demonstration for blackening of pseudotachylyte
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Formation of pseudotachylyte in the lower crust plastic regimes: Evidence from the
Woodroffe thrust, central Australi
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Most reported fault-related pseudotachylytes are cataclasite-related, which have formed at shallow
depths in brittle dominated seismogenic fault zones by both frictional melting and crushing
mechanisms. Pseudotachylyte has also been described in association with mylonitic rocks having
formed in deep-level fault shear zones within the semi-brittle to crystal-plastic regimes. However,
the mechanism of coseismic shear zone formation in the lower crust is still poorly understood.

A >3.0 km-wide pseudotachylyte generation zone including a 1.5 km-wide mylonitized shear zone
marked by large volumes of sub-mm- to cm-scale pseudotachylyte veins is developed along the
Woodroffe thrust (central Australia) (Lin et al., 2005; Lin, 2008). The pseudotachylytes display
typical melt-origin features, including rounded and embayed clasts, spherulitic and dendritic
microlites, and flow structures within a fine-grained matrix. Three types of pseudotachylyte are
identified on the basis of deformation texture, vein morphology, and host rock lithology:
cataclasite-related (C-Pt), mylonite-related (M-Pt), and ultramylonite-related (Um-Pt). The
textural and structural relationships between these pseudotachylyte veins and wall rocks indicate
multiple stages of pseudotachylyte veins that formed at different times and depths.

Preliminary works have been performed by Lin et al. (2005) and Lin (2008), which have reported
large volumes of coexisting C-Pt, M-Pt, and Um-Pt in cataclastic and mylonitic rocks within
individual shear zones along the Woodroffe thrust. The M-Pt and Um-Pt veins contain distinct
evidence of ductile deformation, including flattened and aligned fragments of host rocks that were
re-oriented parallel to the foliation within the mylonite and ultramylonite, as evidenced from the
continuity of the foliation between the host rock and vein fragments. These M-Pt and Um-Pt veins
generally cut across the mylonitic foliation, and can locally be traced back to parent veins
oriented parallel to the mylonitic foliation. These overprinting structural relationships indicate
tat repeated pseudotachylyte-generating events occurred within the crystal-plastic dominated shear
zone and that the pseudotachylyte veins themselves were mylonitized during ongoing plastic
deformation. Here, we describe the microstructural and chemical characteristics of pseudotachylytes
and discuss the processes leading to coseismic shear zone formation in the lower crust.
References:

Lin, A. et al., 2005, Propagation of seismic slip from brittle to ductile crust: Evidence from
pseudotachylyte of the Woodroffe thrust, central Australia. Tectonophysics 402, 21-35.

Lin, A., 2008. Seismic slip in the lower crust, inferred from granulite-related pseudotachylyte in
the Woodroffe thrust, central Australia. Pure and Applied Geophysics, 165, 215-233.
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Structural and mineralogical characteristics of an ancient plate boundary fault in the
Hidakagawa Formation, Kii Peninsula, Japan
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Distribution and characters of fault system in micro earthquake swarm area in central part
of the Shimane Prefecture, southwest Japan
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