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Source modeling and strong motion simulation of the 2009 Suruga Bay

earthquake (Myma 6.5) using the empirical Green’s function method

Kimiyuki ASANO and Tomotaka IWATA
Disaster Prevention Research Institute, Kyoto University

(Received January 6, 2010)

On August 11, 2009, an intraplate earthquake (Mma 6.5) occurred within the subducting
Philippine Sea slab beneath Suruga Bay at a depth of 23 km. The source model composed of two
strong motion generation areas (SMGA) has been estimated by the broadband strong motion simu-
lation using the empirical Green’s function method in the frequency range between 0.3 Hz and 10
Hz. The stress drop of each SMGA is estimated to be 35.7 MPa and 27.5MPa. The rupture of
SMGA 1 on the southeast dipping fault plane mainly propagated southwestward, and that of SMGA
2 on the northeast dipping fault plane propagated northwestward. The obtained source model explains
the observed acceleration, velocity, and displacement waveforms of this event in the broadband fre-
quency range fairly well. Then, the size of SMGA for the 2009 Suruga Bay earthquake is compared
with the scaling relationship by previous studies on other intraslab and inland crustal earthquakes.
The size of SMGA for intraslab earthquakes in the previous studies is generally smaller than that for
inland crustal earthquakes. In contrast, the SMGA of the 2009 Suruga Bay earthquake is almost
comparable to the empirical scaling relationship for inland crustal earthquakes. That difference is
mainly because the relatively shallower source depth of this event compared to other intraslab earth-
quakes. For advanced strong motion prediction for intraslab earthquakes, it could be necessary to
adopt depth-dependency and regional differences in stress drop on SMGA or asperity in the source
modeling.
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DT L —hNDFNLHALT 4 )V VT L— bONETRAL, JbIbvE — mEg s 7 I EEh
ZLOMBIERNOR T THMETH S, AARFIEIL, HEROTS L — MERRICEL TRY, #%
EELLLTEORATTNMEBENMEVIRLFEL TRY (BlIE, 1987 FTIERFH HE,
1993 4EIFE I HIER, 2001 4F35 THURR, 2003 SEEHRIRITOMIE), ZDO X5 RRA T THNHMEORE
FREDORFFE DA TE TS (Bl 21, Asano et al, 2003 ; 4 - fh, 2006). 2T 7 PNHIE
Xt E U mEBTHITEORRE LIRELIThIUAD TS (-, 2006 ; #4 - fth, 2006;
FH - &I, 2010). F7z, FEMIEPETIE, #EHEL I M6 7 T ADR T TNHIEN
FI304EIC 1 RIFREE DM THAL TS (19354E, 19654E). 272U, EBRALE I Fig 1 1TR
INTWD I IcEnZENR > TWD, 1935 FEMHEIC OV, ®HE -l (1979) 27
BETNEZRDTEY, FWIERS 2 b 2EMTNEORIFEA I = XL RDENLTND., Z0
OB VIRT AT TNHEICKT 2B T EZEEELL, EEELZED D DI, EE
ZOHUK THA L 7o 2 7 TNHE O BIRE 2 BRSO T ICE SV TR D Z L PEET
b5, KL TIE, BRIZ ) — Bk (rikura, 1986) %AW AHHGREE Y S 21— =
TXY, 2009 FEEEOMBOBIFE T VEHEL, REOBFRBEENS S 72 b 3 BEREEL
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Fig.1. Map showing the study area with the epicenter of the 2009 Suruga Bay earthquake (Mjua 6.5).
The focal mechanisms from seismic moment tensor of the mainshock and the EGF event (2009/08/13
18:11, Mjma 4.5) are shown on the lower hemisphere by the equal area projection. Open circles in-
dicate the epicenters of aftershocks (Mjma > 2) within one week after the mainshock. Epicenters of
the other remarkable past earthquakes in this region are also shown. The solid triangles represent the
strong motion stations used in the source modeling of this study.
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Irikura (1986) 13/NBFEFTHE u (1) ZFERIZ Y — VBB E LT, BEASZ hLO o *FEE
Alzd bicERADLE 22 LT, KMBICX2HES U () ZEEAM»OERAMRE CHE X
KERTDUTOFEZRESE L 72, Miyake et al. (2003) 1T#RBRAY 7Y — VBIEEZ W T E
B Ial—va VERICESE, MEEEMRBEEIC I > THIRS NI BIRET VERE L.
BB E 1L, FHERERERET T VAR T S LT, WMEBAREY XE T2 WEEN
DI N HERIGIE T EOR S WA RERZERERE L TET L ZbDTHY, BE
FEDIFFICRNTTRY DKRERT ARY T4 LR RISERRH 2 Z LRI TnD
(Miyake et al., 2003). T ZTix, BIRWEmNOMREBEEARFBISOFE (B Rk To
JENBETRIZ0 TH D L L, RWEREIRBRSAEKFERORP OB SNDET NV ERST
W5, IEFRELMORAT TAMBICEBNTY, 0 X5 2mEShERFEKIC Lk
JRHEREE S BAFICHATE D Z VRSN TS (Bl 21X, #EF - fth, 2004 ; Morikawa and
Sasatani, 2004).
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Table. 1. S-wave velocity structure model used in this study.

Thickness (km) Vs (km/s)
5 3.12
9 3. 57
o 3.80

Wi 2 RE U 7 EAEIRC Ko TRHE L2, A L 7c—kot S Il EE M & Table 1 (TR,

AW TR 7 ) — B L T8 H 13 H 18K 11 DICHAELeRE Mpu 4.5) OFE
BEFHLZ., ZORBOBRAMEIT Fig L ITRINTWDS, BFEMEXAREZEOEILTEIZH 10
km BV TV D28, AW = A ABITETIERS 2D LELTBERE TH Y, RELIZERLTH
3. BRI NIREREOBMN S, BIREF ML 2 DOMESAMER ORI D LIKE
L, SREFHEREEICOVWTROCEVERLEEFALEL HbE D Z L TREOERIEE &
L.

Wi, WiEHE OREICOWTIHHT 2. K[ERTOB KB EEANBIE AT 72 & OMEIIC K - TEEM
ICRTE SV RBAA DL, REOWEE I ER -EAORLRD 2KOMBEE» S35 Z &»
WESNTWD Bz, /NE - fh, 2009). F7z, THBERELAVCER S V-V 3 v
FEHTC D 2 K DWEE 2R E L THIF S TV B FINZ W (Bl 2, #K -, 2009 ; B5H - b,
2009). & Z TAMZETIE, JLRERO I KEEETNVOSRE L, 2KREEET VO 2B Y 2
WLz, ARETIE, 2T v oEE2TICORT. ZOTFT LT, 1 HBOBREAR
FEIE (SMGA 1) 2l o REM OmE GEM 71 B, A58 &) 12d Y, 2FH OMEEER
I, (SMGA 2) AL odbsER 0w GER 310 B, {#EHAF 37 B) i@ T2 LREL 7.
ZOMEEBOEOEMR L OMEFHIESTICE S PWAIEI O L5 & & V5 B %
b, dEEEROEOEMBS X OMEEHE Fnet 12X 5 CMT f# %2 b L ICREL . IHIEDOE
REDEEN 1Z, SMGA 1IZR LTI N, =3, SMGA2 IR LTI N, =4 & L7

BIRA Y T K-NET @ 4 81715 (SZO 007 {&#sF, SZO 014 #h, SZO 015 #F+ k&, SZO
017 #f) TOKNYHE) 2 por D SRS (F#k#03-10Hz) 1o\ T, Mg e —7L
BT D Z N EN OB & A IR DORZE ORI RN 72D X 51T, RERERET V
7V RY—FICEVERLE (ZF - fh, 1999). RHNT A —Z OKEH LT 720, HE
BAEREBRORIZESHE L, ESLIBEW ESELWERELREZ. LEB-T, EFY V7
CEVHET DT A =2 1F, FREEAELEIROME & BERZ], RS L, 714 X% 1 A1,
IS TR C, TREE A LIRS T ORHEBAE S OB GIERE V, Th 5.

Fig. 2 AR THONILEBIRE T VE2RT., £ & L TEWEIC D > TKFEICHEEPEIET 5
WERER T, MR IEHE L 34km/s TH D, T2 TROLNIZEFR /ST A —F % Table 2 1T5R
4. TREBENAERRGEEL OIS A T EIE, SMGA 1728 35.7 MPa, SMGA 2 28 27.5MPa & HEE S iz,
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Fig.2. The source model of the 2009 Suruga Bay earthquake estimated in this study. (top) Map view
of the source model with strong motion stations (solid triangles) and aftershock distribution within one
week (gray circles for Mza> 2, and black circles for Mya>3.5). The epicenter of the mainshock
is indicated by the solid star. (bottom) The source model composed of two strong motion generation
areas (SMGA). The large star indicates the hypocenter, and the small star indicates the rupture starting
point of SMGA 2.

Table. 2. Source parameters of the 2009 Suruga Bay earthquake.

SMGA 1 SMGA 2
Length (km) 3.6 4.8
Width (km) 3.6 4.8
Area (km?) 13.0 23.0
Rise time (s) 0.33 0. 44
My (Nm) 6.8 X101 1.2Xx108
Stress drop (MPa) 35.7 27.5

Rupture time (s) 0.0 1.8




142 B Nz B/ mFE

HIFEE— AL MISMGA2 23 SMGA 1 OF) 1.8 5L 7 olc., BRET NV ORAICHERL 2 48
TS TOA R & B O B 2 IR EE, EE, ZALER 0K 2 B>V T Fig. 3 1R
. Fiz, Fig 4 \TIXERITE JE 050 BB S T O EE T O BRI & A BRI DK 2 plsy
DB A E L O TRT. SMGA 1 OREEIIHANRO B 2 e m~F & L T, SMGA 2 Of
BT OB TR O H I ~ELE T L LR TS, L L, BROSIEEOFTSE
OEBAIR (B 21X, SZO007) 1642 EAHIK 0.5 O\ L 2 ITEIEDEBIRE 7L Tl
FHTIEFHEA SR THWRY, ZREHPFT 01, FEEE~m»-> THRAEZE > L 5 74
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Fig. 3. Comparison between observed waveforms (gray) and synthetic waveforms (black) in 0.3-10 Hz.
The two horizontal components of acceleration, velocity, and displacement at SZO 007, SZO 014, SZO
015, and SZO 017 are shown. Numbers indicate the maximum amplitude of the waveforms.
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