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Moment Rate Functions Deduced from Broad-Band Records
of Near-by Earthquakes

Kenji HIRATA, Mariko TANAHASHI*, Tsutomu SASATANI
Department of Geophysics, Faculty of Science, Hokkaido University
and
Ikuei MURAMATSU**

Department of Earth Science, Faculty of Education, Gifu University
( Received December 7, 1989 )

We tried to estimate the moment rate functions of near-by earthquakes, which is
important to investigate the source process, using broad-band records at a single station.
Straightforward estimations of the moment rate function were accomplished through the
complex polarization analysis. Eleven events of 14 earthquakes we investigated showed
relatively simple rupture histories, while the remainders undoubtedly showed complex
rupture ones like a doublet. We found the complex rupture history even for small events
with the scalar moment of about 4 X 10% dyn-cm. This fact may indicate that hierarchy of
earthquake rupture size distribution exists in the scalar moment range from about 10* to 10%
dyn-cm. We could not discuss such an attractive problem whether a negative moment rate
exists or not, because of contamination of the direct P-wave by later phases.

* BifE, ZHELRW, £IES AT LHEM, HE.
* Now at Mitsubishi Electric Corporation, Consumer Products Development Laboratory, Kamakura,
Japan.
* % B, T502 HEHER 2435—62,
% % Present address : Nagara 2435—62, Gifu-shi, Gifu-ken, 502, Japan.
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KHUBEDEFFRFIEEICHETH 5. 1 DOKMBEDOHBIIEE O BN e 74 <>
} (subevent) 2 LHHENTEN, BERFEOBHS B3 L2 DY 74~ + OWELEYE, b
TV T 7 ARy P BEDEFEHE - CBEL THE, 2L ) LHEEZLTF 7N 3y
7 (multiple shock) ¥ 15, BEVWEMZ ¥ — L THHNE, L2 B -AE- B LTS
HEN—EHOMEBERIERENIT 7TAXV POBEALRETIUNTES, Lizh->T, BlEA
FRICAHAE 2 RIS THEBEOBRBIIHETME V) EELHEL L ZA TV 5. BRiFAE
DAIRBME % BT 2 Hilc BT, EIFERRERIM (source time function) & Wiz E— 4>
# RIS (moment rate function) #F~N2 Z LRIRLEETHL., HLWELER T 4 —5—
DOEFHB MY LS E2HETIHE, CNLDOMEIUELLDLIDPLTH S,

BFBEOGMELHBL L) tToEELHS L L CIHEENREEM (hierarchy of rupture
size distribution) #%#% % (Fukao and Furumoto, 1985), BRI ZICIZIF0OMIERHE L ELT
BEOKRE E»FET L, 52 FHHOOKE S 25/ 03I, EiX & LI/ SR BEZ L -
PN LT ENTE Y, 208 ) GHHMIKREEPMEICLFLEL Tnb LI FE LK
BOBEEE VIS TH L, 1 DOBENEHO/NS RBEEL» LEREN T 2 LF 70
Yoy Zi%, BEOREEED ) bO—RE*AEMICHEL TWb EE2 LN 5. BES TIT,
My> 7 DRWEDIZEALE"NF TN gy 7 THB I ENHERENTWS (Ruff and
Kanamori, 1983 ; Kikuchi and Fukao, 1987), (372 LT, HZE ¥ > ) HERKNERO GAOBIEH SR
Wi My~ 7TREZTLP»EBRBEIFELLZVDOTHEL 92, L LLZTHE%u b, AIXZDR
HThzDrREBEOYHELEZ 5 LTIEFICHRECMETH S,

M BIRAE L BT A HNTE— X v FEEREE L AN RIZETIC Sy (Ruff and
Kanamori, 1983 ; Nabélek, 1985 ; Hartzell and Heaton, 1985 ; Boyd and Nabélek, 1986 ;
Kikuchi and Fukao, 1985, 1987 ; Fukao and Kikuchi, 1987 ; Welc and Lay, 1987 ; Schwartz et
al. 1989 ; Sugiet al. 1989), Z o & 5 HWRIC B TEHICERA S NN, & {13 1960 FRAIEH
IR BE RN -WWS SN (Worldwide Standard Seismograph Network) o7+ w
TERBHREG TH - 7. HEEIRIE T2, GD S N (Global Digital Seismograph Network)
DT 4 PINEERLEEICHERING S HIC k- TEL,

REBROMEICE L THEF T X TCOMESTEICIET 5 2 L TH b4, HET (BHl 2
TLERLTENDS) ORKBFMEOMEYSH 5. (EROBAHE, WWS SNGDSNIZHKE
ENFHERTII PN (narrow-band) 4 BMBFHETH -7 (Fig 1), WHEEBFEE wH 2 &
W, BEEEROBELG R CBAEBFBOEI RN W) ZETHE, 2o, B, Kikuchi
and Fukao (1987) ##g8L 7z X i, £— 4> FEEOREL 100 MLl o REYRS & e
OWWS SNEBEIIE S, SHET LI LA TH D & V) BRENEL 5, HrEE
DEEIIHERDO b T EREELHL T BICBE LW,



G BRE S4RIC k 2R € — 4 > MR EREOH#E 27

Harvey and Choy (1982) 3GD SN ER
MBI CERBRREET— 7 » b EHFORE S

BB Bk - CHIEIED B 3 eRE 5
fi % k& 3 broad-band deconvolution tech- ;
nique %L 2. ZoFEIC k> TRLEN X
B EE & N7z, &< 13 narrow-band D HER ? E
4 bEOE L LA (broadband) S8k%
BBZENTE, ZRRECEEBEOTET %
BhHcHvwshTtwad (i3, Choy and 1
Boatwright, 1982 ; Boyd and Nabélek, 1988) . Eo VAN
Lo, bEdEEL REDR B BOE 10”107 w';E;D;OD.w'SECw’ 10’ 10
DEHREETT B LS, /4 XHRIBEATL ' ‘ . .
$5arLIELERET S, Loy, o L, Rormmatne e s
& o 8 |2 broad-band deconvolution = B - heavy curve is for the broad-band

. i t (VS1 d in thi .
24O Cla%e ¢ . @ deconvolution prob- instrument (VS1) used in this study

lem %> inverse problem |2 (3% iz >x % & SMETL H % (Ruff and Kanamori, 1983),

B, BREOLFHBRMETPERET 2R RE N (F}, 1977 ; Wielandt and Streckeisen,
1982), #0isk xR L 2H LML aH SN Tva b, IHHS (1989) 12 1 BHSHANS T
S HURAT O LA IRACER (49 0.05~2.4 Hz CEEEIC AR5, Fig. 1) 2FHL, BE0RiEA
HWENDET— A FEEEENDHELTRA TS, Hbiciid, B3Nt XTotENE—
A2 MEERBIIDIIFER T 34, TORBBLBAICEL, DWIRADE—2>
BEEZFRFIIIE-TwE, BNDE— A2 P BEIRYBICHFETLOHNEL, T, HETLITS
2 DERIIMS, LI RESRHICBCTEELRETH 5 (Ruff and Kanamori, 1983 ;
Kikuchi and Fukao, 1976 ; Sipkin, 1986)

1982 75 5 1987 £ £ T, JLlE AT LM B A S BB AT ) BLRIZ A 12 58 B R R R
PP (VS 18D »gEan, #10EoattEniisgrmnsz, FiglroMori ki, 2
DRI 0.025~20 Hz TEEICTFHRLFELZFDL, STSHETICLE L T WRFEHLE
FTHL (FRR, 1977). ZoREZ AL L, ABETIR (1) S/NEP KR, (2) BR
»LBREE TORBEINEL (GBRERTFHFEVREL X)), (3) BAENIIIHRETA
EpLAHL TS K ERBEETEZ & P> SV LR, SV PREXRmE I BRI N
W) k) HESRY, ZOBEEPHEOKFLS, HFEML T~ 4 v P EEREEOHEE R
Az, LT (1) »vF 7T ay 7RENTR, (2) Ane— 42 M EEHFHEOEMBICD
WA,
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II. -4 M REREOHER

— Rk 7 SRR SR INER I B 1L R RUREIE IR (shear dislocation source) (2 & - THiEX
NIERPREMERIIRDESIZELT LN TE S,

u(x,t)=47rpzsro /Ldu[é,t— T(x,6)]dZ.
ZZT ou, p, alZEIER, FE, PREE, north

HRITERY LBEMNE x £ ToOELEEE, 33
BEizEHLL, Aniz S ool T(x,

E) BWIEE S Fos Er L8RS x ¥ T 2
B, - (P D IEEMIzc2>WToOMas*EDLT. ®

Ry 12 P o ihtistE (radiation pattern) # -
blL, MiBoEmEE ¢, % 6, ThOHE ‘ /
£ A, WIROFR LA HEEE Y I $, $HE \
Tr&x»s i k< e (Fig.2),

Rp =53 (2—3 sin®?) — ggsin?i + prsin?e,
ERbENS, 12IFL, 6=¢—¢s T, =0.5 down  ray

Fig.2 Source coordinate. ¢s, & and A are
strike, dip and rake angle of a fault,

sind sin 28, ge=—sind cos 28 sind+cosi

cosé cosb, pr=cosA sind sin 28+0.5 sinA sin respectively. ¢s is measured clock-
26 c0s26 T#2% (Kanamori and stewart, wise from the north, d‘ is measure.d
downward from the horizon, and A is

1976) . measured counterclockwise in the fault
EEOKE THE 2 T B EOREZ AU plane. ¢ is take-off angle from a

source to a station.

Bwnr &y, ARLKEINMBIZIAEET
EPTE S, Tk x, (1)U,
Re

u(x, 1‘) = ——-—-——4 - pa37'0

PR
wal(¢ p ),
EFRb¥d, 22T, mt) l3®— 2> FEEBM (moment rate function) ¥ ikTi,

it 10~ [ sl - TGOz,

tEkbINs,
KIEOHERIZ L B HA—RLEREE T3 2w, WRBEREOR AR, JEMMERIRFENOR

FEELLTNE L LT, ZNLDOREE §TNTEE L 2EM P BOBRHEILRI,

R

4 7 pa?

Ulx, t) = G Froin () % hi(8) % ho(t) * hew(£) (2)

NEYRELEING, 22720, () FBAFFROWHEISE, hew () IHERNTOEEIZL 2%
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B ok |3IBLALTES ERT. GIEROBMFERNLA NI L 2IRBORFORE (geometrical

spreading factor) T,

ds

1 /onan Sinn di
d4

RY poa, sindcosio

t#bEN 5 (Honda, 1962). = 2T, RIIHIRNAEE, AI3ERIEEE, 1. (3B, S DHIHA,
Lo RHMBEANDOAHFATH L, THENAFRFOhIIER, oldMREZRT, KRIZERLEEN AR
KEIC 2T BIRIBOWIEETH L. PEOBMERDICHL TRDL KT LN TE S (B
2.1%, Kikuchi and Fukao, 1985),

Fr=2 v%cosi, (v:*—2sin*y) /D,

D=2sin2 iysin i, (v:—sini,) Y>— (v2—2sin 2 7,) %,
ZIT, v=a0/fo ThHITHERTHSHEETH B, ho () I XHIRNE TOIMERREDRIR &
Ebl, AEEEETHERIZRN L JIcE5 2515 (Azimi et al, 1968),

Hy(w) =exp[— %’—t*]exp[it* ln(i—)],

*_ ds
t 'f 25)QGE)

I e ZBEEROY L 7)) o SEABIC L - TH#E 5 Nyquist  frequency, Q i3 quality
factor TRIEICHSN L ETH B LINET 5.

AR THERT 6 HEE (VS 1E) &, 27 E50HERIET2EMEL ) a4 VicHA
T5ZEI2L-T0.05—40 oo FIRIEE CHl I FHE A B BEELERL T3 (FHE,
1977). 20 & 5 % BEEEHEAN MBEN 2 BITT 2 35481CR - €, EHOERLBRITIEZOME
s Ulx, HDEBHEIL T3 2% s, $2BBSCHUITITETALASF LT B L) i
BT EBIHRIZL T BDT, BRI kem(DICE > THET NVBEBIN T L WEEZ LI L
DTED, ZOFEZLICEIITIE, @QRIIBHICH - T,

W%D:U%FGRMW*%-
L7zd5-> T, BREELLE—2 0 FEEBZZHET 01213,

4 & pa’®
R: G Fy

EIUTRY, 22T, ()3 hg(t) DFET74 NI —Th b,

m(t) = Ux, t) * h™'(8), (4)

0. 7—%, BRWCLEL/NT A—2 5 & URENERT

BRERT T MT 853 n, #1hr 5 100Hz TA/D BRI, HHL EEEHNTO0.
025~20 Hz T#HECEREAEHE 4>, £2C, EEFOTEEEOSRAERALFL 20 Hz T
resampling | 725045k & BATICER L 72,
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@RIk > TE— 2> FEEEEEHET 22010, BElS WEERTE £ BEfEs U TR
BRICERL LTSI S, BT 5 EREAM A A0EBEINLEE807H 5. 2D5A,
IR EBERROT 2 N - 74 07— Gk, 1978) KXo TIhnEkE L, PEDEMNG
DR EEIRIE T 100 mkine UL L3, S/N asdERIC RS L TORBAR . 4 X33 LA
CHREL LD 72, B, 74070 ZICBLTCE, RE - FE (1981) T LT XaEEE

3 1984/03,/06
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Fig.3 Velocity waveforms (upper set) and their displacement waveforms (lower set).

2 L7z, BREIR iz E BT
BIUOLEToPHEEICLL
i o TEHL 12 BAEHOHF
% Fig. 3lcmd, misEe b
HRIRIECERILL TH 5,
T L7z W EDOHEDE
R 2 5—Fn) 2+ %
Table 1i2/R§, [ABITOMH
BAR, ACHEE R
BHETHEIE Y ¥ —
DERD b FERME D EERRY
raroAnLT, BELZE

Vel., mkine
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Table 1. List of earthquakes used in this study.
No. Date Lat.,’N Long.,’E h,km M,
1 1983/01/04 42.28 142.76 48.9 5.2
2 1983/01/21 42.44 143.02 63.8 5.2
3 1983/10/23 41.83 142.60 62.3 5.6
4 1983/10/28 42.03 142 .55 53.0 4.8
5 1983/11/30 41.79 142.88 33.8 5.8
6 1984/01/25 42.31 143.11 51.2 5.3
7 1984/03/06 42.61 142.87 101.5 5.5
8 1984/06/21 42.59 142.49 89.9 5.3
9 1984/11/02 42.44 143.49 106.1 4.7
10 1985/09/23 42.10 143.26 43.8 4.8
11 1985/10/12 42.34 143.12 43.7 5.4
12 1986/02/26 41.97 142 .41 48.3 4.9
13 1987/01/14 42.53 142.95 120.7 6.3
14 1987/01/27 41.97 142.70 50.8 5.0
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HEEL 72, BIRICEICIE, BA (1986) 12k » TEEBRMICHS LN BEMAE D 1 KTEER
EETNERGE, FRRTE— A EERREHET 2 HAICLEL L2 TNTN/XT A—
ZIECNEEHEETLEBWTHEL 2, BERENHEIIATAME1.5km, B3,
0kmARETH 5. E L 2EERE TS LU, o DMED S BELEAD PED AHA
BIZEAE20LAICEEE > T, HEIY F TR DLERKE WO ER~DO A A
DIZEAZALMICBEE T, B25 S, MskEEIc L > TR F I ERLZT T
TnwrtEZLNS,

BTHRE Re 25T 272003 4 A= X LBHIVETH D, EREI=F2—FT5.31E
ELLOMED A # = L2812, Dziewonski et al. (1983, 1984a—b, 1985a—b, 1986a —b, 1987,
1988) »CMT A > 77— 3 > (centroid moment tensor inversion) Ti5E & 117z best double
couple % HAL 72, ZRUTO/NELMBICOWTIE, A A= ZLBIZRIETH > 72HTP
KOS H LI icssE L 72 (Fig 4)., THODHMEN 2 = X LMENY A+ % Table
2R L7

HERPERO FEMM IR EN RS B A 261213, QEEZ 52 2w dw, 22 T,
Mikumo and Kurita (1968) » 1 RTQ#EET N 11 2HEL . QX 5BLr 0 L )1,
EEE LD LEREEO WIS IFRERRENREL 2T 5. Fig 5 cBRKEF L, ZHUs k')
*BAAALEEORE OB 2 RT, * 2N BWIHEEA(~0.02), BRICIZLACEIEIR L
2w (Fig.5a), t* ATHEHIKE WA (1*~0.1) bR F VELL THawv, LaL, ¥
N ZMBOWWPI AT OV ZIRIBO BINZER TEL WTEARE W, ZNEBELEE2E—7T
SEETH S (Fig.5b). BELLBEEE CORERIIFRRETLER T km L /3w,

Table 2. Parameters used for retrieval of moment rate functions.

No. Nodal plane 1 Nodal plane 2 é°  dkm Zo,° in,° G, t*,
bs,° 5,° A° ¢s,° 8’ A° x107*%km™" x10-3
1 153 60 107 302 34 63 131 43.9 22 46 23.2 19.0
2 22 83 72 271 19 158 166 48.6 19 40 19.2 37.5
3* 136 43 —66 285 51 —111 66 50.4 20 50 19.0 35.3
4 175 23 64 23 69 101 92 49.8 22 47 20.7 22.7
5* 38 69 101 189 24 63 42 34.1 24 52 32.6 12.3
6 87 57 138 203 56 41 174 33.4 18 36 25.8 18.5

7* 151 17 —20 260 84 —106 160 70.7 18 36 12.5 100
8* 188 45 12 89 82 134 139 84.3 21 46 12.0 93.5
9 280 77 —90 100 13 —90 —150 55.0 14 29 13.3 98.9
10 118 23 —90 298 67 —90 —139 12.8 9 17 37.1 12.4
11* 225 28 106 27 63 82 175 35.8 21 44 27.6 15.4
12 220 35 100 28 56 83 85 62.4 26 58 17.5 22.8

13* 52 8 —121 263 83 —86 163 60.0 13 28 11.9 116
14 181 31 73 20 60 100 82 38.4 20 40 24.5 18.9

Focal mechanism solutions of events whose number has asterisk were determined by CMT inversion method. ¢s,
& and 2 are strike, dip and rake angle of a fault, respecively. ¢ = source to station azimuth. 4= epicentral dis
-tance. {,= incident angle to station. j,= emergent angle from source. G= geometrical spreading factor. #*
= anelastic attenuation parameter.
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Fig.5 Numerical simulations of anelastic
Fig.4 Focal mechanisms used in estimation of attenuation effect in waveform. Solid
moment rate functions. Equal-area projec- lines are displacement waveforms,
tions of the lower hemisphere are shown. whereas dashed lines are those obtain-
Closed and open quadrants represent exten- ed by correcting the effect of anelastic

sional and compressional areas, respectively. attenuation.

Fault plane solutions of No. 3, 5, 7, 8, 11, 13
were determined by CMT-inversion method
and the others were determined by polarities
of P-waves in this study.

0.1 CHVDA—F—TRQEEETNE ZLEMERTY, WRARKIZIEA SELL v
LFz2 LN, t*0ffls Table 212 % &7z,

BIFRTIE, EEPELLE— A P EEMBOMELBI LS. Thbb, BEMTICL -
T ETERAORERT B L Bk — 2 v PEERHORVIEIUC L > T EFE
2bh. FOf, PEABNEDKEBEIHERMIMBOBENHEFBIZITIC v ) LiEL %
UrEL7, L L, POMEBIEIELICREETEL Y, WMEMHENET 2 T 5 EE P ks
12, MTOBEICL > TEL L BREVBALBEEBICSZRLHELRUITL Thb0L Ltk
ZBE, MTOBESERICHO2LEVIEY, LI3PHEMLBEOBRBREOHTREMD 2L
ATERW,

WMTOBMELHEEICL > TRMICERINHIE, DRIPEEPRLERL -~ LREE—F
PELTWBEEZ LML, PREMEMHE CZINBORNHELEL AL 2oiz, Vidale (1986)
i= & 2 complex polarization analysis # B L 72, 2O HFEKIC L - T, HHNREHA L, RE)
PERTHEIERTH OB L 7 iREIT— FERELL,
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1987,-01/14

tion of maximum polarization is defin-
ed by “AZIMUTH”, measured clock-
wise from radial direction, and “DIP”,
measured dawnward from horizaontal
plane. “POLARIZATION
STRENGTH” is a measure of the
strength of polarization. This value is
near 1 if the signal is completely polar-
ized, but is 0 if the largest component
of polarization is only as big as the
other two combined. “ELLIPTICAL
POLARIZATION” indicates the mode
of polarization. This value is 1 for
circularly polarized motion while it is 0
for linearly polarized motion. Detail-

ed explanation can be found in Vidale

o S 10 1S
TIME. SEC. (1986).

H=121 KM Mb =6.3
! ]
l I’\J"Av ~
h-——P Wave-——*
RAD IAL Fig.6 Polarization analysis of the dis-
! ,-/"—v\' M placement waveform from the 1987
! i M Hidaka range earthquake. Duration
T R%\NSVERSE ! f’f direct P-wave is around 7 sec., rang-
! I..., PN ing by two dashed lines. The direc-
I ~
|
1

IPTI

Fig. 61z, 1987 %1 H 14 BO BB ILROLRRFEHE (RS 109 km, M,=6.3) IZEAL L
#l %73, time window DIEiZ 1 % Bz, window B2 b3 TLHRIXIZLALRL
Th ot 2OMED» LBEE~DPENAF AL, #13 TIRZETLLAHLTwEZ itk
2. IREVH BT OBRTIE, 30 WE» L0 7 DREESZ CIEREIIZIZHESMICIRE L 7B
DEZIZEL—BH LT3, 72, REOE—F L8 L0 7 HEES TIHIT & A LERINR
BERL TS, THULEOWS TR, WEOREFMIZSHES ML LRBEIE TN TWE, |
FRICIEEIN B — N MRS IcE{LL Twa, UEn & s, ZOMENGE, N85 L47
MHEE CHEZPENATHERIN TS LHEIE NS, 2L ¢, ZOWRGOEMERZ £ £—
AV EEEBERLTWS EEZ LN M0 1I3EOEICN L CRBELERZ B LVWEE
P 20 k#eERM Ar 2 R~ 72 (Appendix £H), Z it Table 3icZ o,

V. R & E@R

1. B—Xv MREBXK

Fig. 7lc#iEd Nz ®— A > M EEBEKEZTYT. RO EBELTEE2RL T 5 Lo & HER
AN LDEICSE LT, Ny FENLBTRIESGHFAEBFEL LI L TELNE— 2>
FEEREETH S,
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Table 3. Static source parameters.

No. Ar M, S A D
sec. x10%*dyn.cm km? bar cm
0.90 0.55 14 26 5.8
0.65 0.26 7.8 29 5.0
0.80 0.94 11 63 13
1.3* — 87 18
4 0.50 0.07 5.1 15 2.0
5 1.45 14.5 35 170 61
10* — 120 42
0.85 0.50 15 12 5.0
1.20 3.5 28 56 19
3.8* — 62 21
8 0.95 2.2 15 92 23
3.8* — 160 39
9 0.80 0.20 13 10 2.4
10 0.55 0.49 7.4 59 9.8
11 1.85 1.4 13 74 16
1.6* — 83 18
12 0.90 0.50 16 19 4.6
13 7.35 270 1100 17 38
— 100 660 420
170* — 410 260
126** — 310 200
14 1.00 0.35 20 10 2.6

Ar=the duration of direct P-wave. M,=scalar moment.

§= approximate source dimension. Ag=average stress drop.
D =average dislocation. % =M, from CMT inversion method.
* % =M, deduced from far-field data.

Fig. 7Ta o BOBEERIZ &N L BB TH D S T a v 7 Th- 1 HESI D,
E—A P HRERHOBRER L LEZAREEEL TWE L HICRZ 5. ZnEid Haskell
(1964) DIRME | 72 F i L4 BEHEBE T 7TV CHATE 2, Bl2E, HEEMBO—FH Nl
5 —RE L BB TS AT T 5 =T A NICH 725, S HICHMBELONEICEET 2
¢, No.1, 7, 9, 1l OHEIZ ~2 - TN L Y { Sato and Hirasawa (1973) KT
BETFTNAABLTCWEL91CB25, ZNZART Z v 75 EEHEIC—RIC—EDEBERE T
WAL T ETFATHE AT T v 7 BT NMEIINMBEIZ 2L TR U ERE N TS,

Fig. 7b ) No. 12~14 DHBIZEH DT 7TA X2 o BRIN AT TN 3 v 7 THh-
RAEEATE . INSOMERBBEZ 20D T7TAXY P2 LERENTWE (2L %
#E% doublet X \»9), 2 DY 7T A4 Xy ORI ) ERELCWL=ZABELEL T3,
No. 13 DRIz 3 DULEDH 7T ARV b LR EN TN D L HICLFEL LN L, BICHENM
B b 3HBLUBENEFIZ20H W IO TANY FPHARELTWE L IICRIE, L
Ly, SHEDTFT AN FHPERYKJICHEEL THR2DH L) »HET 510 1 BlSnT— 571207
TIIHL v, ZLOBHETHOREBT — 2 LT IUISME TE v, No. 13 DEIC DWW TIEW
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Fig.8 Comparison of observed WWSSN long-period seismograms (upper set) with synthetics
(lower set), calculated for the moment rate function in Fig. 7b (No. 13).
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MEHUBICHEUE— 2> FEEOHBIMAELN TS, ZHIZE2DF 74 ~N2 FOFEEZRL
TwbDp b Lk, IREGEBTORR, BIERES 5 1.5 BRI EE PR U DE
PRALTETCH L0, AFEDHETRE2DT TN FHEEL LD E ) bh bk,
F7z, REHMBIAOBIZEREL 2 window i@ 1 M Th 22 h 5 Ar BEIC 0.5 BREED
THEEENH L, LIzhoT, TITRI> T vay 27258 LR,

My> 7277 2D KMEBIEFFBEISIEL L BEDY 7TA XY b bhbenNF T gy 7
ThHarIEDPHMLNTWS (212, Fukao and Kikuchi, 1987 ; Kikuchi and Fukao, 1987 ;
Sugi et al, 1989), EENH 74 > L OHEER, BETBTLWERLIEIRZ 722 &
RERT L, BMTE Lo S LAHEG R L2 ERE L2 2 BEIEZ LB, Kl
FTHTERMED, 1) IBHhomone— i, 2) BiEmg (BEEERD &6) 2HoTRyEk
FEIF LN LS. Sugi et al. (1989) 3R HEEB L UVBREHEL RIS, TRHLNREEIHPHE
HEEBITL, PN a v Ik dhenNF TNy s v JIChbhrnEirBEE— 22
Mo 2 LT5X10%~ 5 X107 dyn.cm TH B L W EREFZBREL T3, oy, ZHIZEAAR
B 15 MOMEH TERZ2 O HEOHERTH ), 20l ) wBRIIHEFOBE BRI <
KELTAB2H 9, EB, My~ 67 7 ADHEBEINVF TN a3y 2 Tholob v ELE
Bld 5 (Blzig, Sipkin, 1986), LA L, 4o /NS LWMBICOWTIZZNE I LWiziZ LA
EMon Ty, EELOMBIRY, Nishigami (1989) o, 1983 FEBUMENTARE (M
4.8) #*doublet Th 72t W) HEDHLNDATH B, = doublet type d/MEIZfhod Mw
~ 52 (REBRANC & AUSHEEHER O K & 2578 km~10 km Kiif) DME L HNBRLFLEL D
TH I bLEIThHbAb, My~ 5REDZr— I 3 BFEBRICEEEL L 25T LD
AAEE—RRESFEL VI LTk B,

No.12 13 Mw T5.1, No. 1413 5.0 THBEHNF TN a3 v 7 Tho L TAREENE, 20
BERIOLF TN 3 v 7 VI BRRIPBL T My~ 6 UL LDOBICHRELLOTIR LV E W)
ZEERLTWR LS ICBbNS, 43 TR ERNFFEHSEO MBS EICHEHINT
B, ZORHNELHMBEOFHLERAR T CREDCERTELLr 2D TH ST,

BEN MR P RETL2ERD 1 2 THEOMEHE] 55 5 (Fukao and Furumoto, 1985),
1 DO ROV 7 A X2 b LBREN TV LT T IV g v 7OTFLER, F 3ICHE
EV ) EEBRICEEBEEYNFET LI ENUEFETH D, kL ok i Mu~6 277 2L
FoOWE (Mo 2 L T# 10%dyn. cm) 12iz<=LF 73w 7 X WIBRBRHIBE S {—BRENCTHE
HET DI Lo bbb > Twab, Zihiz Nishigami(1989) A ENFERD, My~ 5 RENRE (Mo
~ 5 X102dyn. cm) 772/ F TN g v 7 TH - ZREEIEVE VI 2 L2 EZ AbY S L,
Mo iz L TA %< D 10%~10%dyn. cm o, EiC 6 HTIC R HBICHE OB B> FEL TWw5
Zeics(Fig9), L -kt BTaiu, Mo~ 5 LTS LHE, S50k ET
Xzdh, POV CTHRUNLBEORTFLIEZ 5 2 AR AN v, HIEE V) BEHOHK
BHERRL TR T WHERNTTICRET LN TH b5, ZOMWENY L XL %<
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earthquake size distribution and/or of
the scalar moment distribution. Open Fig.10 Comparison between Harvard’s scalar

squares represent individual ruptures. moments (CMT solutions) and ones determin-
A overall rupture contains some smal- ed in this study. Very good agreement be-
ler subevents, and each smaller sub- tween them can be seen.

event contains more samller subevents.

2. WEE— AV}, BOBETHIUBMBALTOT~NE

WEINLE— A P EEBEBLZRU, L AT THESL CTHET—A> P 2 RiE-7
(Table 3), ZHORBI DB ENEREELVATANLLZHICCMTA > T r—Yaric L oHE
A2 LU TAR (Fig. 10). AW THETL 2EHHT, No.3, 5, 7, 8, 11,
BBOHENDCMTEIELN T, Fig 10 205, AW RICL > TREBLNHMET— A2 |} &
CMTA > T 7= a2 D EREFCRS—HELTWEZ ' br b, ZHITIREN S
FEITIC & 5 £ — X > FEERMBOREEOE L2 Ek L T3,

HET— AL P ERUELSCBELER ST ASD 1 DICHBIC S - THBIRENIIEHOKE
24 %Y, IGHBET (stressdrop) #*% 2. Eshelby (1957) m&EBERIC LU, KiEH oY
HIHIG 8% T Ao (average stress drop) *HIEE— 42 b X DRI,

_7 M
16 (S/@)*

DEFEHIBILL T3, 22 TSIAKY 7 70E#TH 5. No. 13 DHIFED W HRII KK
SGAFICENHESIN TV B, HDIZEALEDHEIC OV TIZbhr > Ty, 22T, X
TOMBEZ 2 KITFH_EN— &b b BRI —EOEE THIES BT 2 AEE 7 V2 I0E
4%, Chung and Kanamori (1980) (= L7zp52if, F0 & - RHEKEH» S AL -EMPE

AT
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tion) Th 3, EMEL % i3bHh LT VDT, n~Ar, Z5I2 5~ 0 LEETS. G)R% alzon
THEITIT,
a= AT(O 78 lsinﬁ)_l, (6)

&b, 2L, w~0.78 (BIZEEMED SEME) EREL 72,

JelT ENX7z L 512 No. 13 Lo ETIZ 2 D9 nodal plane m 5 % & & &2 WBHE TH 2
O oTnhwy, Z2TR, BBLEDEHET2RKDLI2NONBEHTHEH 5, H2 CHEE
FRETHI LIZ L%V, 299 nodal plane i2DWT, 6, 6, #FEL T, 63 L DT 2 K
B¥Ea, 2K, 200RLLWBHME S BLUS 2#ET 5, 2L T8 1ENHKE
%% S(approximate source dimension) % S=(S,+S,)/2 ¥+ 3. Fig.11ix-2n k51 LTk
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Fig.11 Relations between approximate source areas S and scalar
moments M,. Closed circles are those determined in this study.
Open circles are obtained by CMT solutions. Star is determined
from far-field body waves analysis. The straight lines are for
constant apparent stress drop. Small bars with closed circles
represent the range of estimated source areas. Source area of No.
13 deduced in this study is greater than one estimated from after-
shock distribuion (Suzuki, 1987).
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10~100 bar »#EiFIcH 2. 19874 1 B 14 Ao BELkieE (No. 13) H&ESfmiLsHAK (1987)
CE RO LN T B, FHUC L UL, AEDKFITIV nodal plane FTREAREL TH Y,
ZOSAFOEIZHK 100 km® TH B, ZOEZERT 5 &, No. 13 O FHRYIG ST 1385 100 bar
BECLS, WHRTIZER T2 L EBEHER 2 OICKAINL Z VAL TY 5, BEEY
TH %4 3 interplate earthquake |3 AG~30 bar, WEHESY & ¢ intraplate earthquake it
AG~100 bar f2E ¢4 » (Kanamori and Anderson, 1975), FREMEL N F— I EHI DL (L
RFHETIIH D H5, PRERRENED A3 B L 28 10~ 100 bar TH % (Mikumo, 1972 ;
Sasatani, 1980), AMFFERTHEA L 2RI N LA LT <2 P U B TIICERL T
BN ETEBIRECHERL 2L 72, %~ 0 RERLSARENTE V. ZoRskiEHiE
BRICRELN TV LSS S, LT, T2 TORAIRTOHEBEIIFLNMMELD L
PRICRBELN TS0 Lk,

Wifgm L coERyT ) & (average dislocation) DIZHiEE— 2 > } Mo L WG S %
FoTRDEHIZETZ LD TE S,

D= fg ,
2T, p dRIBMHEOBIEE (rigidity) TH B, u 2RI DKL L T4 2 (Dziewonski and
Anderson, 1981), Z#EIcH>WC D& 72 (Table 3). B/ T#H2 cm, Tk 2 mE
EThHsd., ZOBELRITEBRLEEICEL VENMNFHEENTW200 Ltk

3. BOE— XV I EEVBFETHION?

ADE— A2 MEESAEL ZFREERE LT (MEESLREH DISEFMEOR+54% (Ruff and
Kanamori, 1983) QBIERIEEILRICH M E DOWGESIH L 72720 (Kikuchi and Fukao,
1976), & 2 W IiIQEEEFE R THIBHE BB L 722, $7213 B4 5 HEL B H Dz
FIEIC FEE B L T34 L /> (Butler et al. 1979 ; Sipkin, 1986) w95 2 & 4%z N5, =
D) HRIEBIZIBEEBRIZE > CTHEELMETH S, L LIMor0BBETOERIT LS, &
NDE—AV FEEOBEEREE L CBEZEZ NP RIETHH . WEE LICIZSRAEBIESTE
THEEZLN, TDL )G EENH EBMEDKMBEMIREL T B EIZBZ L2 LTH
5% (Burridge, 1969),

HARBEDBHGICANE— A2 PEEPFET 22 L V2R3 2N EREEFIC L » TFEIC
BERDH LB TH Y, tORBIY AR RDEIND 1 D ThH -7, Lo L, SEDERH» L AN E—
AV FPOFEIZOWTLALERTE S W, Fig 6 Z RILIEMAL 2 L 518, — 2 > b #EERK
AT 5 ETEVEMETICI3K 7 LI IC YK & 7 back-swing 5Blbl T3, L& L,
&N )T AT S U REEUHE S EZ PR UNDHGEEPBAL TW 5 Z EHETH L0
by, 2D & 9% back-swing # BN E— A > MEE L EERBET 5 Z ETEL W, LDHED
SabRERLRRE L1,
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sv:

[ BONET RGO PEOMBI S 2 BT L E— 2 > M EEMEAHE L2, BLNHE
T— XY MECMTA YT =2 a itk 20D EERICELS KL TEY, EHHABRNFTE B
WICHEE HIED BT D b7z,

My~ 5RBENDNELHBIZLPLF TN ay JHWEELTWDLZ LR B45 EW%
W INZ EiF Mo iz LT 10%~10%dyn. cm L L IERICIRIAWERIC 5\WC, THEORE# |
DHETDUAREIECI L 2RL TS, ZNIAE TCOBRTIE LY LA -122 L THY,
& TIRH BB L 2 BREKH DO BB MAIREI N,

Ba e b A RORRD LI AN T~ A2 FEESFLEL TV HhE,IC O T LHRT
S ol THIEERRETRAL2HED, T—A2 M EEBEORD D 2BHICIRETE L
ol 2HTH D, 51k, ADE— AV FREOHAEZANLELICIE, Fl2i34 07 r—2k
FORNDHEEBCLC TR L CTH DG, FOHAETY — > BT 7 b b HERN IS
DY E ) ERICREZ N T A TdWiT v, Wi L EMEE e BB 8B s N Bk
BEFITLTYH, TORBEICERL Thinw ) —C BIARET 2 %5, HESNLE— 2
b RSB O MIERIC 12 BR A A s TH B,

HE RIRREOBRICRAKZEORGTRBIFIRS & U ILMEE A B350 B T A8
Wt F—, BHEEHD A/D EBOBIC I3 RERAMBEK S SN ZFERICBMEz D $ L
2. WWS SNERBIEFLENT 4 07 4 ZIRATFBERRICH AL TwiZs53 Lk 2202
Ll TR L Ed. DBt Eicis, Ll AERTG S+ > ¥ — HITAC M—682H % f#
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