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We examine source characteristics of intraslab earthquakes based on the eleven source
models estimated by the empirical Green’s function method. This method provides strong
motion generation areas that reproduce near-source ground motions in a broadband period
range (0.1~10sec). The strong motion generation areas roughly coincide with the asperity
areas where stresses are largely released. Fault parameters of the asperity source model are
outer fault parameters (entire source area and total seismic moment) and inner fault parame-
ters (area of asperities, stress drop on each asperity and short-period level of the S-wave
acceleration source spectrum). We find self-similar scaling of total seismic moment to the
asperity areas. The number of asperities is one for Mw6 events, two to three for Mw?7
events and five for Mw8 events. We also find self-similar scaling of total seismic moment
to the short-period level of the S-wave acceleration source spectrum that is directly related
to the asperity parameters (area of asperities and stress drop on each asperity). Further we
find that the aftershock area overestimates the entire source area. This means that estima-
tion of the entire source area is somewhat difficult for intraslab earthquakes. Based on our
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results we propose a procedure for characterizing the source model for future intraslab
earthquakes. Step 1: setting the total seismic moment (o), Step 2: setting the asperity areas
(Sa) from the empirical relationship of Sa-Mo, Step 3: setting the short-period level (A) from
the empirical relationship of A-Mo, Step 4: setting the number of asperities, Step b: setting the
stress drop (4o) on each asperity from the theoretical relation of A, Sa and 4o, Step 6: setting
the entire source area (S) from the theoretical relation of Mo, Sa, Ao and S. The theoretical
relations are derived from the multiple-asperity model.

I. ¥ C & Ic

1993 B IHE (Jan. 15 Mw 7.6) & 1994 £ALiEE RS HE (Oct. 04 Mw 8.2) i3, ¥k
ARAATZT V= DR THEELIZZAT7THRBETH S, Z LT, INLNMEIC L) BRLE
ThE)DWENE L2 s, TT7F 73 3>V —VIEBITHERELLT, ZDIA47
DHWEZEI/ICEETNEZ EREHBEIND LI ITh o7z, BT, TBABRAIZ7T Vv — | LHTHE
OMERIRIZ L - Cld, 27 7HHER, WhOIEHETHEICL LN 5 5. T, EFib
Z (2001/03/24), BEHEIFHE (2003/05/26) LATTHHIEE L THELREZ L.

1993 4EIE PR & 1994 FALMRER G IFHIEIC L 2B AIEE (PGA) 13, LROBEENIE
BERER S FHIENAMEL D biZ a2 k& LfEE2 R L 72 (1 21F, Morikawa and Sasatani,
2003). ZORHEIE, R T 7THHEBNBRFENREELRL TWwa, INLDMBENFEER, 2
Z 7B EZZRE L 72372 2 B kIR E O IR ERR KD T3 (7] - 211, 1999).

1980 SEDfBE 5, BIREE TR L NIZBEBERSOWEA > ox—v 3 »ic kY, ST HE
BN UOWE T A= HEEENE L IICk -T2, FLT, INLDME 2T 2 —F DREERE)
ZABELET (Somerville et al., 1999) %%, PEEMIERIHIE 20§ 2 WERITFHEIC BIT 2 M8 <7 £ —
FRENDEREL 7> T B (AE, 2004). FHMZTMBESLURIE <7 A —F 1%, EIZRNZD
DFETHEZN TS, —DiF, RAMMES (AH 1ML 268 L LBEA > —D 3
> ¥ (Hartzell and Heaton, 1983) T, & 9 —li3, EHEMES (B#0.1~108) 255
L 72 #EERE 77 ) — > B3R (Irikura, 1986 ; PITFCi%, EGF BEEMEET 5) THH. 27 7N
Bz, kinkoi, o7 I —oMEIC B CEBIMER 2 5 BT 2 L v o) Bl
HEHLT»5, EGF ki L 2 BIENET/MLIZ, FNOEHFIBMEE 2 HHT22 2056, 2
Z7HMBND Z DM 2 EENCFHNIT 2 DI RBE A FELELZ 5. 2T, BB —>
BI%E (EGF ) 2L - THZEE N2 I1MBEO A7 7THHENDERET IV (Mg T 2 —7F) 24
LT, AT T7THBENOBRFECIOWTHE T2, 2L C, BRESTHICBIT 227 7HE
DWE $T X —F DEREEZRET 2.

I, 7ARN T4 BRET IV

1980 SE N b, BRI ETELNMEFFSEOWT A > os—r a iz k), SEMzh)g
EBEIR VB T A — eI Nb L HicZe-72 (213, Hartzell and Heaton, 1983). %
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w3, Fig. 1izZ D& TIL2EDR

HZR L7230 Th 5, HMESFE
L N N Fig. 1. Asperity source model. Distribution of stress change
BIC, AROWEEOE S N7z (left) and final slip (right) for a single asperity source

B (T2 F4) 6% EHE model (after Boatwright, 1988).

LTBY, TNHBEET LI LICLVBMEIRET S, 2LTC ZOKRELELT, TAR) Ty
TOENIET (Fig. 1 £X) BERE ETo+x) ngf (Fig. 1AR) #5810 2, 30 541
T AN T4 B TAREL, SLIZZOHEBEZML THMT 5.

Somerville et al. (1999) (%, WA > =2 3 > 5B L N2 T 500 5, FERT
EL DD I5FBRECHERET 2 74 LEHL, BE2EMELLZ. —%, EGF BT, /-
WENFEEE 7)) — Bk s LTHY, KBNS Z T 2 MBI ALK (SMGA) %
FEL T3, Miyake et al. (2003) 13, PIEEMEEPIHIBICK L TT 22 F 4 & SMGA % Fig
L, EDY A XEAEIZIZIT—H L TWDEZ E2HLIZ L. 5T, BTicBwTii, EGF
B2k - THEES N2 SMGA 27 2R T 4 MR Z X2 T 5,

TANRN T 4 FTNVEGIRT GWE 7 A= DXL LDRFLTO@m) ThHs (AAE, 2004).

EfiEy (Outer) Wig <7 x—2
KM EETE 0 S (km?)
WEE—X> T Mo (Nm)

WARE (Inner) Bifg <7 24—
T AN T4 O Sa (km?)
TANY T 4 TOWRHETE  do (MPa)
TEERIR A7 P VORREABL -~ A (Nm/s?)

LB, MEEREANZ FVOBRBIL~cDonTiE, ML 2 TEEL 3T 3,

I. RS7AMENERIFE

INETIR, BARVZORALTHRELZ 11BN T 7HHEMw 5 — 8)icxfL T EGF &
2L BBRDETIMEDIITTHONTWES, Fig. 2 I3 FNENBRGHE A D= X LBER LD D
Thb, Flz, EEINLWE T 4 —Fh Table LIt HThH D, HLWEICHLTEL-
2WREIC L DEBDET N D 5HAITIL, T DOFHEZ LT OB TR L 72,

1. Z7AR T 1 OFFiE
WEINZT AR T4 DT, Mw /NS LHBETIZ 1ETH 555, MwirkE {4z Lk
OB, Mw T T2 — 3MH, Mw8 TS5 E %> T\wa, TAXY T 4 2IERET 221,
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Table 1. Fault parameters for eleven intraslab earthquakes.

Event Date Depth Moment Asperity area and stress drop on it Short-period
H (km) Mo (Nm) Sa (km? /4o (MPa) level A (Nm/s/s)
1) 1993 Jan. 15 101 3.3X10% (T) 52/109 92/82 4.2X10% (MS)
Kushiro-oki 2.7x10% (H) 72/381 144/190 2.0x10% (I1)
35/163 (MS) 69/109 (MS)
2) 1994 Oct. 04 56 2.6X10% (KK) | 400/82 1.7X10% (MS)
Hokkaido (KK) |3.0x10% (H) 256/82
Toho-oki 144/382
144/300
256/137 (MS)
3) 1997 March 16 39 3.0X10% (F) 2.7/32 (Al) 1.2x10% (12)
E. of Aichi Pre. 3.3X10' (H)
4) 1999 May 13 106 2.4x10 (H) 3.2/73 2.3x10* (I1)
S. of Kushiro 4.9/73 (TS) 2.8%10' (TS)
5) 1999 Aug. 21 66 2.8X10' (F) 1.4/314 (A1) 2.9x10% (12)
N. of Wakayama 3.1X10" (H)
6) 2000 Jan. 28 59 2.0X10* (H) 24.6/261 56.3/62.4 5.2X10% (TS)
Hokkaido (A1) (TS)
Toho-oki
7) 2001 March 24 46 2.1%10% (KH) | 33.1/47 31.7/475 6.2>X10% (M)
Geiyo 2.0x10% (H) 24.8/41 (A1) 42.3/42.8 (M) 6.0X10% (12)
8) 2001 Apr. 03 30 8.2X10* (F) 4.0/23 (A1) 3.2/34 (M) 3.0Xx10% (12)
Central Shizuoka 1.2X10" (H) 3.3X10™ (M)
9) 2001 Apr. 25 39 4.0 X107 (F) 7.5/19 (A1) 6.8X10% (I2)
Hyuga-nada 4.0x10' (H)
10) 2001 Dec. 02 122 5.3Xx10* (F) 5.8/87 3.9x10* (MF)
S. of Iwate Pre. 5.6x10% (H) 8.6/116
5.8/116 (MF)
11) 2003 May 26 72 3.5x10% (F) 9.0/105 1.1X10% (S)
Miyagi-ken-oki 3.9x10' (H) 16.0/105 1.4X10% (TS)
36.0/105 (A2)

References : KK=Kikuchi & Kanamori (1995), T=Takeo et al. (1993), H=Harvard CMT, F=F-net,
KH=Kakehi (2004), MS=Morikawa & Sasatani (2004), A1=Asano et al. (2003), TS=This Study, A2=Asano et al.
(2004), I1=Ikeda et al. (2002), I2=1Ikeda et al. (2004), M=Morikawa et al. (2002), MF =Morikawa and Fujiwara
(2002), S=Satoh (2004).

EEDBIICBWTHE L WETH 5. Morikawa and Sastani (2004) i3, EGF 1z & % 1993
FEHNEEIHE (Mw 7.6) DETILIZBWT, BERGOREI S 2z Hiz 3MNT 2
)T 4 #HEEL T3, Fig. 312 IRIS (Incorporated Research Institute for Seismology) 12
T B EDEM P PUEERIEAREN T WS, ZOMD 5, PIiIEiZ 547 10 Rz 35
DISNVADFEELTWE I Db b, 72, EEICAL 7 2000/01/28 HE & 2003/05/26 HiE
& % IRIS ?E# P B EWE I, KEMc LERF 2@ SV ADFEEZTRL TWwb, EGF %
I2& B ZNLEDHMENT A 7 4 AL, TN 1ERY 3METH 5 (Table 18 ; 2003/
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Fig. 2. Eleven intraslab earthquakes whose source models were esti-
mated by the empirical Green’s function method. Their focal mecha-
nisms are also shown. The event list is given in Table 1.
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Fig. 3. Far-field P-wave velocity waveforms from three intraslab events. These are
taken from Incorporated Research Institute for Seismology (IRIS). Circles show
P-wave pulses that may be generated from the asperities. P-wave pulses appear-
ing after about 25 sec are depth phases.

05/26 HUEED 3 DNDT 22N T 4 DNT, 2 DIFZLMEICEREL TB Y, EHWICIZ 2/ L 2704
%). T, IRIS s P PGHEEEEA LT 22 7 4 OEHZWET 22 L OWEMEZ T L
T35,

TAR)T 4 DEEESa L MET— 2> F Mok DRR % Fig. 415RT. RRIC I EHEEA
WEEICHT 5 2 DBfE (Somervilleet al,, 1999) 4 RLTH 2. T AR T 4 OLEEIT HEER
WEELFEUERTMok & HITHERT 225 — 1) > ZHIZREL TV 55, ZOMHEIZHERNBED 7
N4 THEZEDbhrb, 21U, AT 7THBENT 22 7 4 TOBHET B/ R
BAHIEL ) L1322 kE W LIZBRL T 5.

WEEHZ BN T 21 7 4 £HEE EHBE— 2> F 2 OBEIE 1) R TESNS (Somer-

ville et al., 1999) NT, X Z7WHENZDEARIT (2) 72,
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Fig. 4. Empirical relationship between combined asperity area
(Sa) and seismic moment (Mo) for eleven intraslb earth-
quakes. A solid line indicates the relationship for inland
crustal earthquakes (after Somerville et al., 1999).

Sa(km?) =5.00x 107X Mo** (dyne-cm) (1)
Sa(km?) ~1.25X 107X Mo** (dyne-cm) (2)
(2) DEARRIZ, 2T THHBOMEET— A2 M5 T A2 T4 OWBEERET HRECHIHETE
5.

2. SEMEEEREARS MILOFEERL L
SHFEDOMEEEIE 227 FVM()iZ, (3) Richt- T, BRI Z~7 b s 594 MRELVE
BRI R CfEES LS,

O

7fTs 0ele
Q) ] V pshs ®)

Z2T, O(A)IFBEE N2hEE R~ F v, G4 MEE, RIZERERE, To3 S ¥k
B, Q(NIESENQETH 2. pl3FE, B3 SHEEET, THEHFEDs, g3 ZTNENERL
B SEETHETHLZ 2R L Twd, GHORBEOEIZER LANSTOEEA > —F
CANDBENRWIET 20O TH S, £72, Repld SHEOREHFET, FEE0.63 (Boore and
Boatwright, 1984) Z Fi\V: . 7 I3 MEMLHELETET, 22Tk 1 2w 5, BT % Fig.
SITRT, MEREBE 27 FVOEEIHL ~UITITT7 7y M2 ->TED, o BEET VO
FLEERL TS, RAMVSIVAEL, Z07 7y Fav-LoFHir b#EES IS,

Tz, 11ANDZ T 7HMENERIL ~NALHEE— 2> F Mok DBIRIZ DWW THRETT
5. M6, RTTHHEDA-MBRZRLZLNTH B, RFNERIIE-M (2001) 12k 2
NEEHFENHEIZ T 2 2 0BETH B, b, AT 7AMENAZL, FLE— 2> [ DHE
NHENDZNL ) EEREWZ bbby 5, LL, AT 7HHENA &L MonBIRERTEMR
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Fig. 5. An example of S-wave acceleration

DIE (1993 FHIBEIPHE, 1994 46 source spectra. Solid circles: intraslab
HEERAIPHE) D AlZ, 3)Rizs earthquakes and open circles: plate-

boundary earthquakes.
TAEREBRETHOTFEAS > ©—

T ADEBEANEWIET 5 Z & 7% M

102

E 2N Twv 5 (Morikawa and
Sasatani, 2004). k->T, Znbd 1021; e
EIZEBRFHETH ), % DWIEIC & ] .
) IR E NI ABOK 0.6 8 & g 107 P

Z, E ® - // o
% ff) ZQ. < ] o |- = | —

o'e Py - ////
JEME RIS BT A kL7 v il e —
> MR v Iy o QI 1019:/,// i
iE & BHOY A MEREIZBI L T et NSNS EES—— E—
. - 10" 10" 10" 10% 107 10%
BUH - 44 (2001) 12 & - CEHli S Mo [N
N - ) Fig. 6. Empirical relationship between short-
NTRo, ZOQEEL YA MEE period level of S-wave acceleration source
ZEICLT, (3) RichE- T, dbim spectrum (A) and seismic moment (Mo) for
’ eleven intraslab earthquakes. A solid line
ERIARFEATREL 276 D indicates the relationship for inland crustal
- earthquakes; dashed lines show the stan-

HWE (7v— MR 46, 27 7R dard deviation (Dan et al., 2001).

HUEE 30) 124 LT S WNEEEIR 2

X7 b EHEEL 72 (Maeda and Sasatani, 2006), #0227 kLo 2 — 8 Hz OFHMEZ 45
BV ~IVA LEEL, TOHMBEE— 2> MEFEIZ DWW TRET L 72, Z0#HR % Fig. 7 10577,
ZORERBE—DRETHEINZLDOTH ), TOREEZBRET2NICEL TWa, 7L—F
BN A TNEMZRNME X 1IZIZRL 25— ) > ZHZ2RL TS, —F, 253 7HHENA
BFENL I ) DMABRELZ VAU THEB L2y — ) > ZRZRLTWS, 2L, 257 HH
B0 7 3 —OHBIC R CEEAYMER 2 T 5 2 SI2BIR L TWwa, 2771,
Mo=2X10"Nm LT TlE, ZOEMA R SIZTN T3, Z0MEmIL, Fig. 6 lcB8WwTh i b5,
F7z, ERERLKERIE, WME-fl (2002) 2k > THHEBLEN TS, Mo=2X10"Nm LI TFicB 2
ADNTYXRIZDOWTIZFNERZEET 2 BEH D 5.



130 A B -FN O Ez - wHE EE

1021

1020- E
R L
— 1 —
% : !i' //E/Q/ —
= 1ot %4 s — 1 -
< E =

1018-

10'® 10" 108 10" 10%° 10%'

Mo [Nm]

Fig. 7. Empirical relationship between short-period level of S-wave accelera-
tion source spectrum (A) and seismic moment (Mo) for subduction zone
earthquakes in the eastern part of Hokkaido (after Maeda and Sasatani,
2006). Solid circles: intraslab earthquakes and open circles: plate-boundary
earthquakes. A solid line indicates the relationship for inland crustal
earthquakes; dashed lines show the standard deviation (Dan et al., 2001).

-l (2001) 12 & B NEEHIZRNHIED A-MoBfRIE (4) RNTEZ 5N TWw5E, k- T, Fig.7
p b, Mo=2X10"Nm Pl k27 7B KT 2 A-MoBifRiz (5) RNTHEZ 615.
A (dyne-cm/s?) =2.46 X 10" X Mo** (dyne-cm) (4)
A (dyne-cm/s?) =9.84 X 10* X Mo** (dyne-cm) (5)
T AN T 4 BT MBI ZEREIV VAR, UFIZRT & 9 Il g 7 £ — 2 (7 2
NN T4 OEEEIGHETE) DALk TESINLE (KA - Al, 2003 ; 1 - B, 2002).

A:477.',82\/ 2(7'714(771)2 (6)
22Tk don s (nffl) DT 2 F 4 M ot
N ‘@ -
ENTNORELIEETE, BlLSEEREZ % [ S
E e
=Y. LoRTE, Bz, TR T4 T -
3 | @ .
=M, BREBRTOLIIETEL ¥ w LE 2 y
LCv s BGF B k> CERET vrBbn oo
T3 1LED 2 5 7 MBI R L T, 5B
KA L0 E S iz oV THEF L 72, Fig. N oo RN Y I
813, BEISN7zA X EGFHEIc k- THELH 10 i 1= 10"
Observed A (Nm/s%)
T2 IRAREIRTTE T X — % & ERUISARAL T
. Fig. 8. Comparison between predicted short-
ENRELOHREZRLIZHLDTHE., —2D period level (A) from equation (6) in the
WEZBRWCHZIX7 777 — 2 0&EE TR L text and observed one for eleven intraslab

earthquakes. Dashed lines show a factor
EZRLTWEZ G5, ADBERE L F of 2 and 1/2 for the solid line (1:1 relation).
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HIMEIR, TNENHLICFHMEE N2 0THY), MEFRBO—REZRT I &, 27 7HBES
TAR) T4 BT NTRENDZ L, ZLT, RV L, TANRY T4 OEE LG
TRIZBETIBHRIMBONEZLERL TS, B, Fig. 8lcBWC, FEMEIEAMEL Y 3 it
P REVHIEIL, Table 10 No.5)HET, TNRBHOHTKREVEIRTEZELTWA,
ZHCBEAL TR, BT UENH L0 LItk v,

3. HRETEEE
TANY T 4 T MZBUT 5 ERBIWE <7 2 —F LIREIEIE <7 x — 5 OBIfRIZ, kTH
Zbnad (A& -1, 2003; 3& - M, 2002).

Mo=307, % 3\(ridoy) (7)

ZIT, iR ERARERELBEORETHY, S=miTE N5,

iR, BBA v =Yg vizBWTE, RES R EIC L CRBERE (S) »MIES LT
5. LL, A7 7HAHBEDEAE, ZORERBELST AR T4 ETNDSICHELT B0 89 »
B TR, 22T, B P EEED L SOMEEICOWTHE L 72, Fig.91, 32027

00/01/28 Mw6.8 03/05/26 Mw7.0 93/01/15 Mw7.6
KIV 69.8 311.9 KIV 69.82 310.52 DPC 76.02 328.32
40.0 59.8 205.9
0. a 0 Y 0
T
g g gy, S T )

Fig. 9. Far-field P-wave displacement waveforms from three intraslab events. These
are taken from Incorporated Research Institute for Seismology (IRIS). A horizon-
tal bar shows P-wave pulse-width (7) which represents the rupture process time.
P-wave pulses appearing after about 25 sec are depth phases.

THMED IRIS 12 & 2E#M P IHEMER 2R L7230 ThH 5, B P <L 208 (o) 12 WE
H_ECTOBERGREICEIRT 2 L8525 5%%, ZNP L ZOEEEZHETET 2 7201 2B
HEE— PP WETH 5. Kikuchi and Ishida (1993) %, IEHFEMIE 2 —F I EE Vr CRIET
SHHEBICBWTS L c LOLUTOBREZRL 2.

S=(Vrxr/2)* (8)
BBEOKRELE5ONDRAT 7HBMBEICK L TIRIS O PWEEH» L SV AEZ#EL, ZHRIC
& o TEHE 2 72 S(Vr ~0.88 LR5E) & MIREIMTIE 7 #—% % (7) RIRAL TFH I N7z
MoZ, FERHZEB S 7zfE L ikl 72 (Fig. 10). RRICIZRESH» HHEE S 72 S LR
Wifg <7 x—2% (7) MRAL TFRE N2 MobRENTWABD, FNLITERICEEIZ N
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1 022
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% Fig. 10. Comparison between predicted seismic
/7 9410, - moment (Mo) from equation (7) in the text
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)’ L earthquakes. 94HTO: 1994 Hokkaido
o . ’ Toho-oki, 93KUS: 1993 Kushiro-oki,
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72fEL ) dRkE L, PREoOVAIRICED C FRMEDIT ) 2RI BB S N2 MEIE N2 E2%b
5, I, RESHIABRORMBEEEL ) A RENWI LEZERL TV 5. MoDTRIED 2
EREWZ LR, () AroEILT, »» 28 L-oT, RNEEEL 4513 & DBKFHE & 7
5.

V. B g2 ®

TR, B ) — 2 BIE (EGF ) 2L A AT THHEBENERET LV EREIZLTZFD
BEREFEICZOWTHET L7z, 72N T4 O&mEE Sa R U° S WEERR A7 b Lo 5
VAUVADHIEE— 2> F Mo L BUHULRREZET 22 &, £ L ¢, WHHWE <7 £ —2 (T
2N T4 OEEEIBIETE) 225 TFREN2ZERL LRI N2 2N E12IFHE
UEZTRTZE2MELIC Lz, B2, TNFIRSLCEHME S L7 2 s OEREIV < E v
—%H%RT Fig. SOBRIZEETH S, 2N bid, AT T7TAMEDEREST A T4 ET LT
FENbZ e, &bz, TOEAMV~ D2y > 7R (5) Kb (6) FE - TR
Wifg <Z A —F DEEDTRETH 5 Z L ZERL T 5,
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