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Enhanced dynamic triggering of a shallow slow slip event in the Nankai
subduction zone due to the overlying sedimentary wedge

*B F &' Kaneko Yoshihiro®, Rk =%
*Satoshi Katakami', Yoshihiro Kaneko?, Yoshihiro Kaneko'

1. REBRZBHKFRFUAT. 2. GNS Science, NZ
1. DPRI, Kyoto Univ., 2. GNS Science, NZ

The dynamic triggering of slow slip events (SSEs) is rarely observed, even though regional earthquakes
often trigger tectonic tremors and very low-frequency earthquakes. Shallow SSEs have been inferred from
temporal changes in borehole pressure across the DONET network (offshore of Kii Peninsula, Japan) that
immediately followed the 2011 Tohoku-Oki ("700 km hypocentral distance), 2016 Mieken Nanto-Oki
(occurred beneath the borehole network), and 2016 Kumamoto (T600 km hypocentral distance)
earthquakes and lasted for up to two weeks in the shallow part of the Nankai subduction zone. Here we
identify the shallow SSEs that may have been dynamically triggered by regional earthquakes. We identify a
possible shallow SSE in 2004 that was triggered by the Kii-hanto Nanto-Oki earthquake using tectonic
tremor and very low-frequency earthquakes, as the borehole network was not yet installed. We quantify
the dynamic Coulomb stress changes due to causal events in the Philippine Sea Plate that could be
distributed shallow SSE source faults. The passing seismic waves from the Tohoku-Oki, Mie-ken-Oki, and
Kumamoto earthquakes induced calculated Coulomb stress changes of >100, 50, and 20 kPa,
respectively. Furthermore, the clear causal earthquakes (Kii-hanto Nanto-Oki, Tohoku-Oki, and Mieken
Nanto-Oki earthquakes) that triggered shallow SSEs induced large, long-duration Coulomb stress
perturbations (>10 kPa for “30 sec), which suggests that a shallow SSE may be triggered under these
conditions. Shallow SSEs are therefore more likely to be dynamically triggered than their deep
counterparts due to enhanced stress perturbations induced by the sedimentary wedge.
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mBE b T 7 REME R MEIDScaled energy#tE
Scaled energy estimation for shallow slow earthquakes in the Nankai
trough
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B NS 7 TIRME - ERERY X5 L (DONET) AEEINEBEHENI KB LI EICKY, RO—HE
DHERS 7 FILTH D ARITERRMECATBEREMEN SR I N, EBEBOED L — MEFRRITXI
AO0—MWENFKELTVWS I ENELNCAR >, BB NS 7TDRBRAO—MEBIZREE30-40kmTHREL TWL
ZOICH LT, RERAO—MEISEIHmTRELTHEY, MEOHMEREREBEIXRZ(CEALAS. HERER
BEOEWSE, HWERSORBICKBINZTREELHZ. EEMN S 7ORO0—EX, BEXMEDOEZFEI S
REBYERBICTL — MNERORKFMELIZL T 2MEMEEBBEB TREL TWVWEEERADZIENTE, BEH
RIRZEBVWAYTR T 2EADREAITEEPENE Vo L MEREBIBICKET 570, FEEXREDR
O—MEDEICIEZDERIEVNTHZHREMLH B.

Yabe et al. (2019, JGR) T, EEEFHICERINSDONETIDT—4¥ #RHWT, *RIAO—#EDScaled
EnergyDHEE A7, REIEREBEH)SHER T RILF—%, ZMBERRMENSHEE—X Y M
EL7. MEDLLTHBScaled energy25tE L& 3, 10°-10%2E L, FEHAO—EDE L IFIFAE
ErEFEWMEE >/, KRR TIX, Yabeetal (2019, JGR) OFEA2MEHICERT 2DONET20F —4
IERAY 22 ET, MEMHDOEKEBAO—MEICR L TScaled energyD#E AT o7z, HEAO—MEBICHT
%Scaled energyD T — 9 AP T & T, FHRAO—MELVEETEVWEHE I NAEFHRIER
O—3hEEdDScaled energy N LB B EDTH B DD, BEMRIELSDODEDEERNTHZIONERIEL-. *
D#ER, DONET2OEFH (G/ — R) 58D Y 5 249 —TldScaled energyn10°-108F2F & BEEF % 2R R
O—#EDScaled energylHEWVMEN KR E o 72DICH LT, #BFKEH (F/—KTE) DY FR9—TIE
Scaled energy?*107%-10 12 & BER R O— B DEIEWMEN KR E o7, DT ENSEEHRAO—HMED
Scaled energylCIEEBIRI T A9 —Z&ICIESD2ENH Y, ZOHENTRHRRAO—MELAREDELFD
EEZIOLNS.
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RENEIKICHE T D RAO—MERFS
Slow earthquake signals in the microseism frequency band (0.1-1.0
Hz)
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AO0—EIFKMEORKEBICHE L ZBEETRET S, TL— MEROBAZICBRE VW EEE
BoTsY., ZON0EBMBINICARONTE /2, A0—HEIZZ DB AEEHR CTHE & ERRE
(2-8 Hz) . BERRME (10-1008) . RO—R Yy T4V~ (>1H) Ko 5h 3, BEKMESB
BERERMEORORRBHEHIIRE) /) A AHNEHLTHY, RAO—HEDESERETIDIEHL L, Fan
IREI I & RN DFI TlE, FIARIIC, LA A TR TORBEMEFHC &L 2AMER. /1 XO@BARME
WA IVY, EVWIRRTERRME & BERKMEICHEI EEIMREINLFAI/REI N TVEH
(Kaneko et al., 2018) . FHRAO—HED I DRAKEFHICH 1T 2ESORHBIILCBHL MR > TLA
W

AFRTIE,. AEN I 7ELAAAFICET 2NEREBOMERICOWVWT. BEREEEHOES AW TAREL
BERESZTV. MEBTRICH ITZ2RAO0-MEDESOBF AT, £9. GRT Y TL— MEFREEK

L. ¥YFRI7A4IYEBF%TDO I & TCHERSORBE TOEBREMEDHRE %#1T>7% (Ohta & Ide,

2017) » GPUARIAT 32 & CEHEDEFEILEZEMR L. Hi-netDIFHI S ICH T 52005FE N 52015FFTD
EEHT—IDSNT0OEDRFEERE Lz, INODORBELHENSERKMERIIEY T4 v IRBKRTHD
Z&. BEEDTEDSARY MDBRELPT WAy F EOEEIMBELICEETSENSNY, 2D &F
BAMEEEBEMTH S, RIC. ZOBRBERZHVWTHI-netDEAIRERA UGARICREINTW S ERREN
BEDORFEAEST D5, EG LERKFIC0.25MH 50.58, 0.5MH 518, 1,528, 20H 547, 4%
NH8F. 8MMST16F. 16#H 5327, I2MWH L6AMDETEED/NNY KRR 74 V8 &= @ERALILEZ B, £
TOTRETHAEDZ S 21 REAEETE -, CNIERAO—MELI0.25MHI 564 FEFTCOLEVWESH T TES%
FoTWaZEAERLTWS, 51, XY RRRT74ILVY 5 BRI ZEIOEERFICT T 2 & BEHOHEMR
IBORRMEHREE I 0> ETIICHI ARBREER > T Y., AO0—HENMDROHEE B 2YES
BFo>TW3Zt%uRET 3,
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Detection of shallow low-frequency earthquakes beneath the
Japanese Islands
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NEETHRET 2 FRERRBE L, SHERENIW2 ~5HzT, —fRICPEANTFEABE TSKDREAKRE LN E W
SHEHHEHLH D (#8)Il - /MR, 1993; Hasegawa & Yamamoto, 1994) . 1990FR XTI, FEEERMEIZE
ICKILELTRET Z2EEZALONTED, BETRRRENSEERICHITTOBREPERERIBL L, X
Wh S < BEN/ZSEE THERERRMEI S REL TWB I EDA > TEL., FHRERRMEDZ <
[TEFREAE CRS25-35km) TRELTWRZENS, HMESEED AN MELIFAIVMDOEICEYEL
SHRAORBEMNELEBRLTWSE EEZONTE .
—AHT, T—9DNERINZICONTLEMBRTHEBAKRMENSIREL, FBI10-50 kmDEVR I EHHETH
FELTWBZ e >TEE (FIZIE, INE, 2016) . £/, 2008FEEF - SHAEME 2016 FRERM
EOJ%FE@FPLﬁ)‘.l&ﬁ&tﬁt:gﬁimgzb%é ENEINTWS (BIAIE, BRI, 2008 ; /)
- ftb, 2010; KR - #5)11, 2018) . I 5I2, HEMELDEE TIE, BRAKMEL BFOMENIZIZRE LB
%T%Ebrvé*ttﬁ#orzf(ﬁu ftt, 2018; =M - fth, 2019) . TDLD I, EEKMEIEHT
LH NFEE] TRETZ2HITTIERLS, HRRBOREAESCHREINTVWS. TITEHRERTIE, BHERF
SOWETHE L-HMEOREERLNLL, [IRTNMEARMBELREL TOWAWMEZFHICHREL, O
TELmDEFBEBELNMNILIZOTRET 5.
RMTICER L7=DIE, 2003FEA 520165 F TICEER T CTH4AE L /2#9920,000DHE (M0-2.5, X35
KmEUXTCEREETL—hETAVEVBTL—MEYEXVWHE) THY, [SRF—TbOSEGAEY EH
S53IMOEERTEEIRIEARY MNLEEELE. ZOART MULICH LT, EEKES (Al:2-5Hz) &ERK
# (Ah: 10-15 Hz) DOIEHEIRIED SFl=log(Ah/A)TEZRINSFHYE (Buurman & West, 2010; /N& - &L,
2018; Hotovec-Ellis et al., 2018) %#Et&E L7=. BEBEHMI N EHT 2 EFHEIFBDOKREREE RS,
=, RERIBRARY MLOE—V R (fp) 258 L, FIEpD2ODEETRERMEDOMRE 21T o7/, %
CTCRERT—TIEERICEENZBERMEDOFHE L foDDHESEIC, FI-0.75, fp5 Hz A& BRI E IR
E L7 BIENERREEREILHNI200BTH Y, DD BH1200@IEEZ 15 kmEUX TRE L/HET
HhB.
FEE15kmEUETHRE L TV B ERRBEERDZ < M5 EOREMEDRENDHICEZ EFEh, AEH
CEBICERLTRELTWVWDREWVWIEENHD. COBERIE, 2016FEBAMELRE TREINTVWE LD
IZ, REFHORICZ DERAEMENEENZ ¢ ERLTWS. £, HathAEBEELIICEVWTIE
BB IA W EEE TERRIEN R E L T vé%ﬁﬂm%é ZEEBALNICR . TNODERIE, EEKTME
BFEins Ly TEER TRETIHIITIERL, EHBRBRICBEVWTELRASTRELTVWEIEERLTW
3. KU TIERWIFRSREB CH BRI EN FKE t,r W3 EWIEREIF, BRBMEOREICIITIIP
XU N OFEEPHEBIZEEE S VEEREORAERERFIMBATIFBVWI EEREBLTWS., SRIIERRMEER
BEINHEDORFAREL, BREZRBSTEEHIC, REME (FEB) SERKMEREORZREER
AEETERE, BRAKMEOREZGEEZESMIL TV FETHS.

HEE KBTI IRFT—TAEBRBRRVCZOHFAMY ELaFERVLI LA BHWAELIT.
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BE - &2FW - Wi TRET Z2FBEREHMEDOA H=_X A
Focal mechanisms of deep-low frequency earthquakes beneath Zao,
Iwatesan and Hijiori
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1. 88

HILBADFAIUEDL TIEFEZ20~40km & W > 72 HIFERERHIE & W £ R WFEE THUNMBEIER S h TV
%, ZOMEIF2~8HzOMEREZMIL T 2 Z &AW SEERMECATLFE)EMIENTWS, TDXAHZXAIE
CLVD®FIEZELK S & W\ o 72FEDouble-Couplefk D % > - SR L AR EIHESI N TS W (HI AL
Nakamichi et al., 2003). 75 v 7 LHIBDHEEERAPI I DAMBRENRKEETILELTEZILOATY
%, LM L. LFEIFREDS NS WIDEITFHIZD R, THEMARETOCROMEBBICIEREE>TWVAR
W, ZIZT. AR TIERILEBATLFEREMNER QB E. AFWU. FITO3EHICOVWTA DXL ERE
L. KIUZTEDADZZALDEERY., BEPHITTR SN TWSE201T1FEOFRILMA KEF htERIE TD
FEELE A DXL OBEEEERART,

2. 7—4 - Fik

AR TIEHi-net. RILKZE., [IRTDI100HzY > 7)) Y THEEHC K > TREBFSINWAAHERFEZAW ., K
REFDOAYDOTDDBE2003FE~2017FICHKEL, Y7 =F21— ROSLULEDLFEEBEITRERE Lz, BRIER
RFICEWRESINEZT—9 %AV, FHAPAFADOEEICIZIMA2001 #FRA L, X HAZXLDREICIE
SKEEPEDIRIBILL AW e, AR TIE. GIREEBCERRAOHEEMET B7HIC. RWVITA ALY
BRI THZEEDHE%F > TIRIELL ZMIE L. RiICDouble-Couple, Single-Force. CLVD,
Tensile-CrackD4DDETILH L HFF S N B IEBRIRIBL & HIE S NABARIBLLOBREN RN E B DEE S
oy RY—FICLYHEL, REICETIVEOLBEEZAICTHRBIBREBEE)ICL >TITWVW, IRV IMNTEILR
BRETINVEBRNIA—9ERE LT,

.BREER

BET29E. BFILUT24E, FHIFT2TEDLFEICDWT XA AZXLERE L, £EMREHE LT
Double-CoupleBIDLFEN % <, ZDE|GIZEET62%,. AFIUT75%,. FHIFT86R THo7=, HICHFIUT
IZNakamichi et al., 2003 &= A HZXLBEFDARY MNEB LNz, FAEBE. HITTIZ2011ERILthA
AEEDMEORIBE TA N ZXLPREMBICELLINR SNz, BETIHMBISABEESNTH- -
Double-CoupleBI D X h Z X LASFHDFERILE EHICELLTH Y., HIFTIIRILEFIORESEE & VR
WA CDouble-Couple I DIFENRKE VWA RY ROBREL TVR E VWD FELIBLNTZ, INODIEEIP X
A=ZZXLOEALERIEEICK > TE L EISAE L OREMERNIEE P REDIERICE > THRELTVWE EER
bz, —A. BFIUTIERILMERZR CRHEBEAZECA D ZXLDELITRONAIN > 7=H. REBZBRTE
IEVWAR SN, BFILTIHILAEILE, IMEAET. ILAREEOIERM CLFEAFREL TH Y, HEEICRS &
ANZZALIEZHETHo7=H, ACEBATIEILE> TWALFEHFEELRZ. COFERIIEEEICRE O
AEERZH. ABLEETIHRE—DYEBRENMREICTFS L TWEEEZILNS, FICWWEETICEL TIEIE
Double-Couple DLFEA' % \MBR TdH o 7z, LWABE TFOLFEIFEZ10kmEGRTREL TE Y., BFILTILERE
ICBITZFERATIIFHOFEELETRLTVDONE LTARL,

A AP RTIIBHAB. [RT. RIEKRZHE - BATFHAREA €V 5 —DRFRFE2BVE L, &

© BxEZS - S08-10 -



S08-10 AAMES2201 9EEKEAS

oo BICRIRTO—TlbFmARYELZFERALE L, BLTRHHWEZLET,

© BxEZS - S08-10 -



S08-11 AABESR2019FEHEAS

Interactions between the intraslab earthquakes and episodic slow slips
beneath Kii Peninsula controlled by fluid migration
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Slow slips are thought to be related to geofluids and sometimes occur near the times of intraslab
earthquakes. Studies have examined the interaction of slow slip with intraslab earthquakes, showing that
even slow deformation on the plate interface has the potential to change the stress field (Warren-Smith et
al. 2019) and seismicity (Han et al. 2014) within the subducting slab. However, detailed processes and
relationships between intraslab earthquakes, slow slip phenomena and geofluids are not known. In the
present study, we found changes in seismicity rates, b-values, and stresses in the Philippine sea slab
before and after the times of slow slip episodes beneath Kii peninsula, southwestern Japan. At T month
before the slow slip times, seismic rate and b-value of intraslab earthquakes become high, which is
consistent with the effects of fluid-induced seismicity (Bachmann et al. 2012) and “geofluid injection”
seismicity beneath northeastern Japan (Yoshida et al. 2017; 2018). Stress orientations in the upper-plane
earthquakes suggest that the plate boundary just beneath the slow slip zone is weakly locked before slow
slip times, becoming unlocked afterwards, whereas updip of the zone, it becomes more locked after slow
slip. These interpretations of the degree of locking on plate boundary are consistent with results from
Cascadia based on LFE recurrence patterns (Sweet et al. 2019) in that the locking on the plate boundary
there appears to increase as one goes updip through the ETS zone. Our results suggest that monitoring of
intraslab earthquakes may provide a means to evaluate not only slow slip activity but also plate boundary
conditions.
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