HOKKAIDO UNIVERSITY

Title REBEERICLZ2BRRBEBOHEE : T02. THEIMFEHOPLREME
Author (s) A, %; SASATANI, Tsutomu
Citation tiEE Rk IB LM RERS, 31, 59-81
Issue Date 1974-07-05
DOI https://doi.org/10.14943/gbhu. 31. 59
Doc URL https://hdl. handle.net/2115/14040
Type departmental bulletin paper
File Information 31 p59-81. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




B KSR LT R RE

Geophysical Bulletin of Hokkaido University
Vol. 31, May, 1974, p. 59~82.

RAHEFRCISIBRBBROEE
Z02 FHRUARODORRHMR

®" B %
WA I IR Y T

(FAfn 48 5211 30 H 2 H)

Source Process of Earthquakes as Deduced from
Long-Period Seismic Body Waves

2. Intermediate-depth Earthquakes in the
Southern Kurile Island Are

By Tsutomu SASATANI
Department of Geophysics, Faculty of Science, Hokkaido University
(Received November 30, 1973)

The source process of two intermediate-depth earthquakes in the southern Kurile
island arc have been investigated by using long-period body waves from WWSSN seis-
mograms. One of them is a event of Oct. 25, 1965 (event 1), and the other, of June
23, 1964 (event 2). Assuming the source function as a rectangular pulse, a relation
between the time duration of these pulses and the theoretical seismograms is obtained
by the convolution of crust-seismograph impulse response with the source function.
This relationship is employed to determine the time duration of the source function
from the first half-period of observed P waves. The time duration of the source func-
tion determined for event 1 is shown to be azimuthally patterned. This suggests that
a shear faulting is more preferable rather than a phase transition for the source mecha-
nism of the intermediate-depth earthquake. It is found that the rupture propagates along
one of nodal planes which is an actual fault plane, by a minimum deviation technique.
Event 2 is shown to be a multiple shock from the analysis of two successive P phases.
The temporal and spacial relation of the first and the second shocks are determined
based on the differences between the arrival times of the first and the second P phases.
The position of the focus of the second shock is situated on one of nodal planes of the
first shock. The synthetic seismograms of S waves are calculated based on the fault
model obtained from the P wave data, and they are compared with the observed S
waves. The agreement between them is fairly good for event 1, but poor for event 2.
These results further support the shear faulting for the source model.

The fault planes of these events selected from two nodal planes are parallel to the
strike of the seismic plane in this region and steeply dipping. The sense of the motion
along the fault plane is that the deeper side block slips down.
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The source parameters are estimated as follows and accuracy of estimation of them
is briefly discussed. The seismic moment, fault lenght, rupture velocity, average dislo-
cation and the stress drop are: 1.51x10? dyne-cm, 39 km, 5.25 km/sec, 54~106 cm and
46~130 bar for event 1: 3.0x10®dyne-cm, 30~45km, 4~5km/sec, 111~167 cm and
76~141 bar for event 2, respectively.
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1960 F LRI 1T 5, {\WwhAWCOMER, BEBN R X O AEOME, BRITE D
e, ROWHEOREEFALL UL, HMBET A0 - L BYTHDLEELLRDICEH .,
fo. FORMIL, FEW, RKEW, RESABSIOCMBRAE OB DT — 225, —HLT
BiEer LTl ECHAShICLTH 2. _

=77, BB L QX HEAEEC AL Th R B e ERO BT AEIT L4
7, TOBFET AL IR EXB VAL, BOHIBOERRETALELT, RELH
BT2o0DEF AR REIRTWES, — DB AE & F UK B+ 5 4 (Isacks and MOLNAR,
1971, Fukao, 1972) ©4 b, b5 —2ixth &ii#E, -Gz €5 4+ (RanpALL, 1966, Evi-
SON, 1967), # B\ IERIREE =5 v (Honpa, 1959, SER - (£, 1963, KovaMma et al., 1973)
THb. PEBICSEOHEHSTHLE LS D A 38N HE (double couple force system)
DHEBHEFAL A Z—vERTIRD, EFAOHEGEZ ZOPBFMALEHNT LI LIXTE
e TORFICIE, F M X TTFRIORL D P XU S HEOMHMIRIE & 2D <L Alg
25 key point X /r 5. .

WEORE, MEFHEE, FIUOBRRORENHLEL T, Wb 2EAEMEEZR LES
DEBOT Y P L IPEAUEYRICLTWEZ LEBLITH S, T ORBHEEOHHE
PHEYERENICHAND b L AR HAFED 101, MERERENROLOEEA KRS
hbewiEZCL LT, MEORIABDOHAETH 5.

DRI DOE 1L DB L, apriori KIZTBREF A2 EELIIRNT, P SO S oHs
RIGE LD AN ABOBFIHOWRGCHBORE T A 2HET LI LTHS. 82 0HMM,
HEIWLEBETF L&Y LT, £ source parameter #IRETHZ & TH 5.

SERTEMEBICFEEL 72 2 0O REMBOMITERIC OV THRET 3.

II. = *l

AT L 1o RO RIRZE % Table 13, MMTICHER L kil i iR R B
Wi (WWSSN) DR BB ORB TH5D. ChHLOMED 45 =X A (focal mech-
anism solution) 1% 3TCiz Isacks and MOLNAR (1971) I X » TEHE 2 LR T\ 588, EZHIMAE
CxhzRdic. KEELED? DAL PEHHE), SED polarization angle DA bk
bhicrh=RXafR% Tablel, & L' Fig.1icsm3. P EWE), S ED polarizatisn angle
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Table 1. Focal coordinate and focal mechanism solution.

Date Epicenter Depth Plane 1 Plane 2
year mon. day h m °N °E km |Mag&| pp D DD D

S.D.

event 1 1965 Oct. 25 22 34 4421 14545 § 159-| 6.1 146 79 272 19.2 | 81
event 2 1964 June 23 01 26 4316 146.17 76 6.4 158 86 260 18.6 | 21.1

DD: dip direction, D: dip angle, S.D.: standard deviation of the S wave polarization angles

(a) (b)

Fig. 1. Equal-area projection (lower hemisphere) of the focal mechanism
solution based on the first motion of P waves and the polarization
angles of S waves. (a) event 1. (b) event 2. Closed circles indicate
compression and open circles indicate rarefaction from P waves. Ar-
rows indicate the polarization angles of S waves.

Table 2. P and S wave data for event 1 of Oct. 25, 1965.

Station 4 A P ro. To Mo
deg. deg. deg. sec. X 10% dyne-cm

ADE 79.0 185.6 D — 2.15 1.05
AFI 69.7 135.3 D —150.0 3.10 1.27
AKU 69.7 352.8 C — 4.60 1.98
ALQ 71.8 53.0 C — 924 — —
ATL 90.4 39.7 C T - —
BAG 34.8 225.0 C — — —
LEM 61.2 224.0 — 104.5 — —
CMC 53.3 27.8 C — 5.30 1.93
COL 41.5 36.3 C — 4.90 1.88
corP 72.8 334.3 C — — —
COR 61.7 54.2 C — 94.2 3.60 1.10
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Station 4 Ae P r Ty M,
deg. deg. deg. sec. X 10% dyne-cm

CTA 64.0 179.2 D — 3.80 1.09
DAV 40.8 2110 D — 1.70 —
DUG 70.5 52.3 C — 904 5.60 1.59
ESK 774 342.2 C — — —
GUA 30.6 181.0 D — 4.50 0.90
HKC 33.8 239.9 () 120.1 — —
HNR 55.0 162.4 D — 1.90 0.86
IST 718 316.1 C — 4.20 1.92
KIP 51.6 97.0 D — — —
KOD 67.2 261.9 - C — — —
KON 70.3 337.9 C — — —
LON 61.3 51.5 C — 5.80 1.42
LUB 81.3 51.2 C — 4.80 1.68
MAL 94.9 336.1 C — — —
MUN 80.4 204.9 D — — —
NDI 55.5 278.1 — 100.1 — —
NHA 445 2355 C 108.3 240 1.21
NOR 54.1 356.8 C — 4.90 1.54
NUR 65.1 332.0 C — 4.70 213
OGD 87.8 29.1 C — — —
GSC 71.3 58.8 C — 99.9 3.50 0.73
PMG 53.4 177.9 D — —_ —_—
POO 64.2 271.2 C — — —
PTO 91.9 340.7 C — — —
RCD 73.0 446 C — 93.8 5.80 1.84
RIV 77.8 175.1 D 153-3 2.40 1.18
SEO 15.4 250.9 C — — —
SHA 90.9 43.9 C — — —
SHL 46.8 265.0 C — 420 1.82
STU 79.8 332.2 C — 4.20 1.77
ANP 272 233.6 C — — —
TAU 86.7 1786 D — — —
TOL 91.9 337.0 C — — —
TUC 771 57.5 C — 93.7 — —
VAL 82.0 345.1 C — 4.70 2.41

mean: 1.51+0.44

4: epicentral distance, A.: epicenter to station azimuth, P: P wave initial motion,

C: compression, D: rarefaction, I': S wave polarization angle, Ty: time duration of

P wave pulse, Mj: seismic moment.
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Table 3. P and S wave data for event 2 of June 23, 1964.
Station 4 As P r PPy Mo
deg. deg. deg. sec. X 10%6 dyne-cm

AAM 83.9 34.7 C — — —
AFI 686 135.6 D — — —
CHG 46.4 253.6 C 107.4 — —
copP 74.0 334.8 C -— d —
COR 61.9 54.1 D —64.3 — —
DAL 85.0 48.8 C — 6.0 —
DUG 7097 52.8 C - — —_
ESK 785 342.7 C — 6.1 3.63
GDH 67.0 75 C —69.5 6.2 2.81
GOL 75.3 49.2 C —63.3 6.3 3.13
GUA 29.5 1825 D — — 1.68
HNR 53.8 163.1 D — 6.6 2.94
IST 789 316.7 C — 7.1 3.11
KEV 59.0 339.2 C — 6.8 2.83
KIP 50.9 96.7 D — — —
KON 715 338.4 C — 7.0 3.27
LON 61.5 514 C — - 3.38
MAT 9.0 2256.5 C — 10.2 —_
MDS 80.4 37.8 C — 5.6 —
NDI 56.2 279.3 c 1037 59 2.74
NHA 44.4 237.2 D — — —
NOR 55.2 357.0 C — — —_
NUR 66.2 3325 C — 7.1 2.69
OGD 88.5 29.6 C — — —_
OXF 87.6 43.0 C — 6.2 —
GSC 714 589 C —65.9 — 2.03
PMG 52.3 178.8 D _ —_ —
PTO 93.1 341.2 C — — —
QUE 62.6 286.7 C — — —
RAB 474 171.9 D — 5.8 4.28
RIV 76.7 175.7 D — 6.5 3.61
KTG 66.4 355.7 C — — —
SCP 875 31.9 C — 6.1 —
SEO 15.7 255.6 C — 10.8 —
SHI 72.5 294.5 C — 6.9 —
TAU 85.7 179.2 C — 5.8 —
TOL 93.1 3375 C - — —
TRI 819 3285 C — — —
TUC 77.2 578 [ —735 — 3.15
VAL 83.1 3455 C — — —
WEL 879 158.8 D — — —

mean: 3.0+0.13

P,-P;: time difference between the arrival times of the Pj-and the Pp-phases.
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DT — 213 Table 2, Toble3 I EFLDHTHDH. WTFhILIRLDOFHIEARNE =T 1
(double couple force system) T35 ¥ { I NS, WHEL LI, B2VWEE L ELEEZ OHHE
(nodal plane) %3 % Ul BE (reverse fault type) TH 5.

III. EFRCKXIREBEOBFFE

FSAAEEE OB O REBE Y HE T2 HkE LT, BAEEHEE (TENG and Bex-
MENAHEM, 1966, KnATTRI, 1969, Wyss and MOLNAR, 1972, LINDE and Sacks, 1972) i &
OErIEIR Mikumo, 1969, 1971 a, b, Fukao, 1970, 1972, BERCKHEMER and JAcoB, 1968)
DWFMNEZL LR TS, LvL, SEENTT S50 33 EEL RWHE (h<200 km) 2D
T, BEEOHMRHBEBTORELEC L > TILEAINELD, A2 T AfITC X
LREABHFEAK L Y L, BHEERCOEBENOT AL D #YTHS (BEN-MENEHEN e al.,
1965).

RIS T 2T 2 20 ERELLRTE Y, 1 DRBRNIhCEYEREGE
T &35 (deconvolution method) (BERCKHEMER and Jacos, 1968, Fukao, 1972) T
D, 35 1 OXHEYRBE T L2 EEL CTHAMERSR(EY, ThxBRI el & vE
T 58 (convolutiqn method) (MikUMO, 1969, 1971 a, b, BOLLINGER, 1970, Fukao, 1970)
T %. deconvolution method (X B I M- 2 AEHAFHKR CEBIIG ECTHLET DT, 4K
B B ORFEC X 5 XL ELOMBENET S (bo b, KENAEATFETSIES, Th
L EDTORGCETREER Y &l FEFIRCERE & KEF OSBRI ETHA5) L
FoEbE» 5 4ENE convolution method CREHT A T7¢ 5.

IV. Event 1 (1965410 8 25 8)

1. PHROAEN ,

Bl DR B PR T% 27 A 5HE (87, 1973q, DI Z ¥ paper 1 L5 12
IhiE, BEIOBHEINCHBEO A AR, EHEIRIEROMNBONEY1 7 L ORH
CHRFEEINRD. £ 2T, apriori KIRBEEF AV EREEL 2T, FENSACKT S PHEo
A AR HRER T 7 AR EET 5. EORDIE, ¥ PRACERILEHEL T
AE(To) LB DA 7 DR (r) & OBIRE HRIERE (4) 1200 TRD T < LFE
» % (BOLLINGER, 1970, Mikumo, 1971 &), EOEIECR L ¢, Mk HiEH85 % linean filter
system & Z&ic L CHBEFEIELE (2, )%, <L paperl ¥BR). Zhb oz
BT\~ TIX, source function %iﬁﬂéﬂ/lx%“&ﬁ{ﬂb,.ﬁ v QEFA, BEEATDrs
. A MRS L L TIL Model 11 (MikuMo and Kurita, 1968), ¥ AEE=F A2 Lh T REHL,
WWSSN TG ROBEFOEHBENL 15sec THB. Fig. 21w Ty & OBIFE % T. source
function YAV ATHELT S LXFELKELTH 22, WEOF 1 72 ORMHL A



ERNEGRC LAEFABOHE 65

NADBIZ R EHEINTI DT (paper 1, sec.
Fig.9), -4 AFOHEEICE L &b Dik7nu. ' a
RERESTD 7 5 2 G B LOEHORND
BEE, BEALLE=FAERSDES T 50
LLARGA, ThbDHEEDR B P
NOFBREREALR ST ERHEDLRT WD

$0-60
70-80

(paper 1, Mikumo, 1971 a). 4 -
Fig. 2 % {f» CiLEgEI iz P AE 0¥+ 3 . -

A7 DR G AV AREHEET D LHBT 1 {}%&Pif%#h -

¥3%. o |
ORI FRECRS LR AENACE | L

B A ARG (Ty) &, BRI D RAEHR S OH o v oz 3 45 8 T 2

& DBAFE % Fig. 31"+, Teix 2~6sec® Fig. 2. Relation between the time dura-
_ tions of the rectangular pulses and the

Mlica AL, ThiErho 53 FH#RLT first half-periods of P waves for vari-

N N O L e 0 fbors - ous epicentral distances. These calcu-
\B2%, FIRLO° AR THIR, 180° Mg TE/NC lations take into account the effects of

I 5B e R EERRT. DT & the anelasticity in the mantle, crustal
' N layering and the instrumental response.
REEABRNHN L bOTREL, Hakrh
THZERTET. FLT, FREIEBE=FALLT, RRBEFL I 0 LB E 7 A (shear
dislocation) 23 L T\ 5 Z & T,

LEDEREI L LD, RICKIEET L OHEEZRA%.

T T T T T T T T 7 T

1 i i 1 1 1 1 | L 1
60 120 180 240 . 300 360
Azimuth

Fig. 3. Plot of observed time durations of P wave pulses versus epicenter
to station azimuth for event 1. The length of the bars represents the
approximate error in measuring the first half-period of observed P waves.
Large simbols represent the more reliable signals.
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paper 1 ® V=112 ki, EAM PREH»OWBOWE 2~ v 2 HETHZ LR
ThH. BT, FRUT UL AR D FHRARIEM T S X 5% B 78\~ BOLLINGER (1968) i X % 8§
oz~ LEERECRI NI AEOMEDOR (p. 789, Fig. 4, g) HhH#ETZ L, &
DHBEOWEE < # — V(X unilateral TH 5 Z Lpibond. &, HELLHEIEDIROHE « &
RLUT, REMRKREZORX (L) %Zkbbé ZOREIBE T VTR D A ANE (To) L
BOEEHR L BGOSR &L O TA 0) LITROBIRTHEINS.

T0=£—£c050 (1)

v Uy
CLIC, v RBEOGEEE, v, MEEO PEEETHS. BERETORNL-L
ISMBETHER DT M BP_RETINL, TheWiEOREAREELS. TORRCL
TRDOONIABIES A & To~cos 6 ODBIRHRLIc D Fig. 4 TH 5. Ty & cos DEIRIIA
7o) D5 Y FwIRTH EEFZEIT 08sec), RDHN-MBOEIET ANIIE  fHu 7 nodal
plane LIZfED. ZOZ &b, TOENEEOKBETHD, MBI TACBERLLLEL
bhb, X6, BREEFAELTELLEENDL ) L o0XHERBLC LT/id BEOR
X, EIEE L LT L=39km, v=525km/sec ¥ T FRB. EEEEvIICOBRS (b=
160 km) 35135 SEHEEDOH 1.2 5 TH 5.
ST, @BoheHiEET v ich ESWTHEBAREEEIEL, ThrERTHi st

sec. N

2 “v=5.25km/sec. ¢ ..
5.D.=0.79 sec. e
| ] ] I | | 1
0 2 4 6 .8 1.0
cos© )

Fig. 4. Plot of the time durations of P wave pulses versus cos 6.
6 indicates the polar angle with respect to the direction of the
rupture propagation. The direction of the rupture propagation
(closed circle) is plotted on the focal mechanism solution on the

upper right side. Note that the closed circle situates on one of
nodal planes.
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Comparison between the observed seismograms (full line)

and the synthetic seismograms (broken line) of P waves.

Fig. 5.
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HHREHBLTEFAOZUELYBNTS. ARESR 90 IKROATEHE %2 b5 (BERCKHEMER
and Jacos, 1968, Fukao, 1970).

0@ ={"_heunte—e)de | (2)

ZZC, h() (LR S B3B3 5 system @ impulse response T, LT D7 — ) =
A Heo)iz<yv A, 7752, BREGFHERERD transfer function, Hylw), Her(o),
Hinslo) DETEHLI R 5. '

21 Jow
H(w)=Hul®)+ Her(®)+ Hrns(w)
up () W B LB Ehe PHOBEMTCOEMEZERPLT. L hil shear dislocation &
BHROEiPED &, BHTED moment, M(t, 1) 2{F - TRDOERIFKIH>Ih % (MARUYAMA,
1963, HASKELL, 1964).

R() = - 5‘” H(w) e de (3)

Ry
drp v

sy (8) = SSS N, 1) dS (4)

Z T, Ry P radiation pattern OZR, o (3WE, SAKIBEE, ¥ (I¥EHER LD
BEEAFKHT., SERGEBET AT, @) ROBELOBFIK ORI (Fukao,
1970).

[§. ¢ nas-c[me-He-T)] (5)

Z o, CixdER i ADE X, H() (L unit step function #FH3T. X, 4 moment
Myt RoOXTCEHLINS.

M,= S: dtSSSM(t, %) dS
-C-T, (6)

FEIACAREL L BHREKRORE X RLICDM Fig.bths. M, LT IV-3 D
BREEYACTGIELL. AEOEHBIRELIED TELDHTRLAAF-TWHI Eibnb (T
2T, BUERSOHAN Y EE, 77 A MEEORALLEFAnLOThAEE R ZEL T,
P Fogh¥-r 4 72O FMCBL Tix 1sec UA, ©— 7 DREIEL Tt 1EHURTE- T
WAUE, TIEZ KL TwBERALL). BEnd, RHbLhMBEFALOFUENRX
hic.

2. SHOBIF

A CROENIMEEeFAnDHEIND SE, BllEhic ST —KTr0EME
EFADZLEREY ILIKRNT S ECHEETHS. BRIKCRSGLEEMKR T DI, S
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(broken line) of S waves.

1C seismograms

Comparison between the observed seismograms (full line) and the synthet

Fig. 6.
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HoEREEEL T SV, SHEFAFRICOWTHTCHEL, FhikoBEEr
Yo TEI 9Wns, BLOHETE g@)ey o@D L 7o (Mikumo, 1971 a).

g(Blys = — Ugprcos @—Ugy*sin 6

g(O)zw = — Ugpesin O+ Ugy-cos O (7)
Usy = _hsvte) usylt—2) de e
Ry .
Ugy = WSSS M@E—x)dS
~_Rw_ o [H(z’)-H(r—T) (9)
drpvyr S s

22T, Usy, Ustdd SV, % X0 SHEDHKRERT, 6 XBRHSICKST5EOBRS
BExEHT. U @R TEHLIN, 0D het) 13 SV HEOHER L BRE2R<BET5
impulse response, ugr (X SV HOEMEEHT. usy X QKX TEDLER, RaglX SV D
radiation pattern OZHE, vt SPWHEE, Cs TslI SEALADEX LEBBEYFh FhE
b UsrBIL T @®), O3RN0 SV % SHTEE» TR, SiE-v ADRIE Tsil
VKD vy Hvs TEERLLIDTHEZBNE.

UEDFRENLGHEINCAERER L ERCEHN IR E OB 2R - D2 Fig.
6 CTh5b. HECTHW-EHISL, REBEREOEED\ 4<80° DL DOTHS. seismic
moment Myt P SRDOIIERF 7. R, SECHETE~ v A HOFHORIL O
LUTH, Qo= g Qp #IRSE LT (AnDERSON et al., 1965). % OMOHIKICBITS = 7 443
PHHBEOBELRAILTH S, ,

LSRG, SREZOREAEASHIREL D bAX 0o Tn5b, Lal, B
£k B O—FIINL OB LWEELDB. CDI LI, PHEMLLROBALKEBEF AR
s O RS SHOBEHHBBL, &b, POEBHMBOBEEF L ELTHEET L AEL
T 5B I E&RT.

3. Source Parameter

FIZPFEF — 212 &30 T source paramer R#ET 5. TR, seismic moment
M, %#3k» 5. seimic moment My ¥ (6) R RI L TW5Ei, A AQERBC T, THxb
D, S AOKRE (To) X PEFBIOE A4 2 VOB S, 05 (C) RERICRE
ENTREDOEE (Aws) &, BEDALADEGIZNTEEREROERE (Aw) LONBX
hZhiEEIh % (Fukao, 1970).

471-{0 ‘U% Aobs )
- Llobs 10
¢ R, A (10)

Z B ST oW THEE L 7 seismic moment M, 1% Table 2 RLTH Y, ThbDFEH
LT My=151x10%dyne-cm %7,
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KiEBEF 1, LU seimic moment M, % &1, WiBE LEDFHIT~ND (D), stress
drop (4s), strain drop (¢) 7z £ @ source parameter RK¥» 5. THLIIKRORTEH ELLNIS
(EsHELBY, 1957, KEILIs-BorOK, 1959).

My= pDS—uDLW, do=— 2 (11)
16
c=do
oo
L,
2= 5

CHODEDHWEIIMIERE S ALETCHD. LirL, FiFOENITCIBEOR S (1)
Linkobh T, Figd 0fD5 v+ OEERFEIZ 08sec THH. ZOEBEFES
WiEDIE (W) 0BEBrehs LEETHE, WOERRLLTHS5~10kn 85, IORED
LW Bk DEARD D L ROBRITIB.

D =54~106 cm, 4o = 48 ~130 bar
e=067~19x10""

7222, Uy 0 # IO TIIRDEREHAL 2. vp=8.13 km/sec, p=3.43 g/cm?, £=0.71

X 10 dyne/cm?

V. Event 2 (196446 A 23 1)

1. PigoOM\HF (multiple shock)

Fig. 7w OHEN L HicEm T PHELLDHxRT. Eventl DEHCERTEh®
THEHETHD. COFEFOBBIIT4ODOFEDO AT RELLNRD Fig.8). Thb* P, b,
P;, P,-phase & %317 %. Pi-phase (34 AABEE PHcHY TS, P, Prphase 3% DE
BB pP, sP W TR ZRHESL, TORBHADL A » = A AEB JOMBRTCORFC LS
MAHE Y ZBTIITS BB IR B (B8, 19730). Pyphose IZEBREIZE bW
T#H 5. Ppphase & P-phase DFEMNLIOZE (Pr-P) #ERIEH (1) B LOHZCHLTT
By LD Fig.9CHDE ZALDEML, PPt 6~TsecDEICH 0, 4B IVH
(LR CEBRTH D & bbb, UEND, Prphaseld~ v F v B H 5 BORES
W, B L ERENSORHAEEEL S X v L, multiple shock It X 23D THBEELD
FREYITH B, FEE, L Prphase 237 v b A LHOH 5 BORHEEEE SO KHETH
BibiE, PrPoik 4 ORAKL ELICKE BT THS. LaL, Fig. 9 ki Biug
PP iy 4 wxtL T3 —EDERRL, 4=80~90° Tixis L AP DOEAICH B. PPy 3
FCEBRTH D T &b, 2HRAOMNBIRIFZBEOME,S RCUIFBEHAALET S
ZENHEREINDN, LrL, ThHEDOF— 200 1% & 2% EOBOERY, BEEIES
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SHI

»*
CHG JW\P

*
HKC“J'\;\/V
i

Fig. 7.

KEV ®
GDH
*
MDS
1ST

Ay

Examples of observed seismograms of P

T u;j\/\/»/\

T

1min|
*

waves from event 2 at far field disposed for
various azimuth. Note the complexity of signals.
The Pyphase (see Fig. 8) is found universally.

T T T T T =5
—————— T, °
=100 O \ o °
______ \
[ —— o % \ ° °
o \° ]
20 —_———
0 e —\—---O""
o BRM T \
.p _h=TORL
R R - =t \
s | \
H \
c F \
= \Pep-P
H \ he75,100 km
] \
H \
E‘o_ A
- \
A
. . o o\
. ® . . %\ o°
N\
\
AY
~
t I L I
30 w0 50 60 7 80
Epicentral distance
.
Fig. 9.

Py-Py

RIV
4=76°
Az=176°

1sT

|
Pgww
A=79°
AZ =3’7°

i

Fig. 8. Interpretation of
seismograms of P waves
at RIV and IST.

T T T T I T T I T T
¢ * g A
. ® e
o * .
. oo .
_1_..;_[_ 1 _L 1 1 | L 1
90 180 270 360"
Azimuth

Plot of the time differences between the first arrival and ihe

later arrivals versus epicentral distances (left) and epicenter to sta-
Closed circles indicate the time differences

tion azimuth (right).

between the arrival times of the P;- and P,-phases.

Open circles

indicate the time differences between the arrival times of the P,-

and P3 (pP)phases.
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Fig. 10. [Examples of observed seismograms of P waves recorded at smaller distances.
N
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Fig. 11. Plot of the time differences between the arrival times of the first {F)

and the second (%) shock versus cosf. 0 indicates the angle between the
ray leaving the focus of the first shock and the line joining the two foci.
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BRDDH I LILTERL.

F T, WK 4 O GCENETO W A RN TS (Fig. 10). 2 OENT 4 o—Fifs
WWSSN ol ik SEO (4=5.6°) TH b, X5 4 O EIMAEDW 2L 5 & Thit,
KEFOBMSXFATE S 2ol LTLIRE MU AR T ORI, K
T ERET 5 T D%, RNEST OEAE Mo RN, SEO ORIl B3
SO (a-, b-, c-phase) D AL ME S5, a-phase il b A AR PICH 57, b-, c-phase
BRI DR ETH D, B 4 2008 L CAST 254, i biclibhi
il # DR ORE X ANTDOLDOTH D, A AMFOBMMECIST T REEHRS R
b, WAhERt 5 (paperl, Fig.10). Z®Z &5, SEO 123\~ T b-phase DI L b
% c-phase DEN DI AL EDICKE NI E b D, BUCs LT, b-phase L D 5
2 c-phase DRI DO AR E . HEHLIT D Pyrphase 1/ D KX WIBIR A FL T 5B &
MHEZ T, HHTO c-phase 2T D Py-phase 4T3+ Ex bbb, LEnd, &
DOHFEL triplet TH b, T b-phase 23
L B THRMTE doublet i T b &

BRI b, Lo, BUF Tk b-phase %G
LTz DithEZE% doublet & /e L THPI+%.

1AL 2HA RSO &, ThEh Observed

CXIE L 7o B DEGERZI D2 (o) & DBIFRIK (1)

157
|
K& Pk DN TERbLIh % (Isacks et al, A ]
1967, O1KE, 1969). ‘
T=T0—‘%C050 (12) Bm
¥
|
COT, ol 13 E & 2FH OFRERDE,
DR 1FEA L 2T B BRSH E S S ok Pk C,m

DT AEYRDT.
Event 1 icoW T BOER ik ke o] LIL

EEofel AP Cc2RBOMBE 2R D

H. B 2FBOHME c~cos ) DRHR% 10 sec. |

RLIcDO2Fig 11 THhs. 2HRBX1BEANS

FTIIE 120°, RE T b 10° DJ5 ) THA:

Fig. 12. Comparison between the observed
P-wave seismogram (at IST) and the the-

L, ROEHEND [=485km, r,=12sec ¥ oretical P-wave seismograms for the var-
N . » L - ious source functions. Two pulses indi-
7o RHHRIC 2 FEE OMEBITIZIEHE Bl cate the first and the second shock (mul-

nodal plane FitHEn. D= &pbEEES tiple shock). The theoretical seismograms
for the source function C or ) agree well

NELTHBEFA2GEETHD, 2O nodal with the observed one.



ERAMEGNT X 5 BEEBOHTE

Fig. 13. Comparison between the observed P-wave seismograms
(full line) and the synthetic P-wave seismograms (broken line)
from the source function C (see Fig. 12).
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plane NEEOWBETH S L E L bR 5 (OKE, 1971, Fukao, 1972, CHANDRA, 1970).

wi, FOMBEFVEHETS., 2RB»HHABCISTIRADOENZICEIAT
BT, event 1 DERIC P EREIHY 1 2 L DEBIALFE DO AL AEEHRETS & LIXRE
ThhH FIT, 1HEBE2HED source function &M IC/KEL T system @ impulse
response & @ convolution 7 BLEHEHEREFIED, ThrBlXhRlR: B TAIL
Tk » THIZ source function #EE TS ((2) XEHR). Event 1 DM & [, 1FHKE & 2
Z B © source function @V ABOHETEIC FBE > K X, 75;}175;}105 source function &
A AT 5. & A4 D source function 12 X % &K & & B R & D KB O % Fig. 12
127 . source function C B\ X D a3 » & 4 B SBRIEZERYHET 5. foBEMTOR
# A1z T 4, source function & LTiE, CHH I Dnb - d@ELT 5. 4, source
function C AL, FBHACHT 2 5HER L BHLEORBARL D Fig. 13 TH
% (BB O T, %R D seismic moment #EEL #2). FHHEO—FI»E VBV EE
25, Ihhrb, BEHCEF2GEALEOBBIAT, 1EXHL2XEBOFERA DEILS~6
sec TH D, 1ZFE D source function DL AME I dsec T, 2FBIXFO¥GTHhAI L
Mbmh, ZDZEiE, 2FRBOHED seismic moment 23 L FEEDOEFND 12 THAI &%
BT 5 (00 Xxveh). B, ftcopfls SEO D 1 RED 4 AL 8sec & RF
otz (7oL, ZhiX a-, b-phase W HEGAE L DTHB).

EHIZ BT % B S D source function DS AENHEICEFHEM IR EAEE LW E
ko, OXefo THBOREESR, LsIC vk ARCHEETHZ LEETHS. Ly
RDDLDIY, BEREITEDL X v BRELCID 2. TTEOC, BIBXE B
nodal plane E#% 23 B OHENCRIEL 1o LRET B, EHTD 2 AR 4sec THEHO
SEO TO- L A@AKI 8sec THDB I L2b, SOREXNROVELVLDOEEbIhS. &5
i, RIEEE vx 1AL 2RANDOZN T OEIEEE vVapp (Vapp=I/ro=4.1km/sec) T %
LWERETDE, (1) 26 L=31km #7185 ((1) R T Ty=4 sec, v=4.1km/sec, v,=7.95
km/sec, cos =09 &Lk & LuRkwro) Wi, BEHEFAOEEREDOE LT, SEO O
AMATRWEERL, EHDF — 2L 5b¥5E L=45km, v=50km/sec #18% ()X, &
o5 — 2BIL Tt Ty=4sec, cos #=09, SEO IZBIL Tt Ty=8sec, cos =029 &
&, EUBBRNEMATLE v xRDL). HBOEESFMCET 2 E00BRMED 0 g
AERT (Fig.11) THBHH5 1 4 (cos =09) TREI ¥, Lk 2o0FK Db, L=30~
45km, v=4~5km/sec LHTFENB. 2F Y, WEBRETEHCEZX 30~45km o T
THCE - TERIR, 5 12secthic, LEBEADLARTTAHS0km OER EcRX 15
~20km IZhlc o T2REOMBEN ARSI Wit LiTicb.

2. S HOBEHF
ZOMBED SEIIrThEWEIEYHFL T 5 (Fig.14). X, polarization angle DE#E
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Fig. 14. Comparison between the observed seismograms (full line)
and the synthetic seismograms (broken line) of S waves. An
agreement between them is poor. .

fFZ b Event L It R ThvZe h REWETH S (Table 1)

HFHCRDON W BEF L OELREHBHNT 2129, D~O R ESWTERESE
SHEL, BREIhADRSRE LKL 2 00 KE6% Fig. 14 10RT. M5 bh DRI, 8K
RELBRUS—FL T B LBV, B, BRI B ARG AMEZRL Tk,
x, pélarization angle DEEFEENIKRE L EICERL T2~3 08HIEIZK W TiX, WED
EBRHIEAHICTL - T b (iRl Toviewn) SRESOHEIE, 1¥EHE2%KAD A
H= X ABRALTHD EREL. SEDF ~2DFR—KOFEREL TL, ZOEEDOTRE
B, A= XABOREHIILENEZDR S, HHNEIHBETADBTHEHLTHH D
MAhLhu.

3. Source Parameter

SEOT — 2% D ELBATHILATERDI ST, PEOF - 20bRDOIIKE
EF MOV, LD source parameter KD Tk <. (6), (10) X2+ H £ § seismic moment
A%%%ﬁb,ﬁ@%?wﬁlwﬂnﬁﬂ6ﬁkﬁswmemmmm¥%%%Lt.Lﬁw,
ZOMELWEOE (W) i onw T X O ENRETH D0, 2Tk W=10km L{RE
L. 5 #ic source parameter (XK DEH TH5H.

M; = 3.0x10% dyne+cm

D=111~167 cm, 4o =76~141 bar
e=127~234x10"14

72220, vp=7.95km/sec, p=3.36 g/cm?, 1=0.6X10"dyne/cm? & L 7:.
Z o TRDI sourée_parameter {3 multiple shock D 1 EHEZ DWW TDLDTHB. 2F
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B o\ Tk, seismic moment, ¥ X UK BOE
T ARIEBOHESTHLA Z EEE T
L.

VI. #ER&EIUHER

FEIMEICREEL - 2 00 PERMBC D
WTC, PERSIOSEDOUEGHE LI, £D
HXHEIE, < ABLED TR L. 21T, P
B D ATROFAE FE HE 38 L O° multiple shock
DRAEMBY DL, BEETALLLTHEET L
PEYTHBE D HRE B Zhix, Fukao
(1972), ABE (1972), Mikumo (1971 a, b) DiEHR & —
HT5H. eventl i@ OWTiY, PEMALRDLNI
BB AN BHIN L SEOBE 2 b B <
HPT LI LD, MBEFALRAILRAELHE
Jo. LaL, event2 i 2\Tik, Fhideficik
iz, ZThiX, event 2 »3 multiple shock TH 5 &
VOB B DDA L.

2 ¥ D nodal plane 75 F I e EEE O K B
BELEWRETHDH. O Z DHIR D seismic
zone DETICETTH D, Thict dEL, X
DENTEGOT vy 7N THCTRLBIEEHTH
% (Fig.15). Z ORI OE (1971) ofFEHRE L —F
L, BIl—¥ERCRlTS lithosphere L%k &
DAN=RrERLT W5 E B (LLIBOUTRY,
1969).

Boh-EBeF AL &SWT, D source
parameter X #XEL 7z, seismic moment (M) (X

A
OCT 25,1965 JUN 2’3'.1964

=400
km

Fig. 15. Upper: Epicenters of event 1

(Oct. 25, 1965) and event 2 (June 23,
1964) and the focal mechanism solu-
tions of them. The hached areas in-
dicate the compression quadrants of
the lower hemisphere (equal area pro-
jection). Lower: Projection of the
foci (open circle) and the fault planes
(heavy line) for two events analyzed
on the vertical cross section. The
vertical section is taken along AB in
the upper figure. Arrows indicate
the slip vectors.

source function X B CHLL TEL N3 DTH D, Thik source function OHEIFFIZH
BRLEBETH D00, RECH1bLTHhE ) BEOBTLE GEEL factor 2LLT) TH 2.

BiEIZBIL T, REMRT 4 A v a vELTEI (L) LakdEhToi. HOR
WARETRTED LEBFRSH bl th s, TR (LE (W) OFE, kX0 rise time
FEALELOTHD. kDO L0 EBRERTIOLEELOhSD. WikFig.4D
ROA7y ¥ERTHE, LO12 X)) RESXRVEHESIN D, ORI, RWHREC
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ENTRGCHBIAEND L, HREB LR CB bhiscn, FONBHELYEER
WETHZ Lixhlebiroh L.

W OGIEERE (v) & LT, event 1 {20\~ Tl 525 km/sec, event 2 1224 TiX 4~5 km/
sec MED R ThHOERLAEROEICETS SEERELIZERIU12HD 0TS LR
EHTHS. L, bRk L OHERBECERL To Ofidbsinh OBEXBATED, £
HIZSEEELIITELWEEZ DO EYUN L Lk (MansiNga, 1964). Fukao (1972)
ZERERWE (07 5 VHE, h=57Tkm) OEH PR oI5, ABE (1972) 120X
BREME BV F v+ v FEBE, A=120km) ORFMPREHOMENTHD, v &L TERT
h 22~25km/sec, 2~3km/sec HH7c. SRIBOLNIMEIIIID LD bREDOMETH %.

stress drop & L T, event 1 ’"Dy~TiX 48~130 bar, event 2 1o\~ Tik 76~141 bar 738
bht. Lial, LRAOKBEROHERECHEEL T, ThbOIIRLCEBLY IRE
I ERGATHSE L Ll (AKl 1972). ABE (1972) 13 Eih DR R MBI DUV,
Mixkumo (1971 a, b) I HEORCPCERMEOERM PER XU S WOEH A5, stress drop
&L TEREH 120 bar, 60~300 bar #1587, SEBLIEL b OHBECE TR TED,
FRIIBEBEMIORVGIBELIVIREL, BOHEIVIINIWETHS.

source parameter DIk I L OE X LT R Lo o TERT D01, %<

DB OWTIOVBEORCBN 2T 5 LEXDH D,
(%] BihcERL RRBRFRORES, KETRAMBERAFTOHEEE_KH,» LXK T
Wicnie, Db ORBEELPL BT ET. YREFOSHERIER, JEERFAREHER
v &~ OEFEWF L EBCR/R L XTATORLEE, BERPEEE.

ok, B EAtEE RFEATEH B+ v & — FACOM 230-60 IZ X » Tl Xk te.
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