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Fig. 1. Geometry of the source and spherical coordinates.

Hirasawa and STAUDER {ZHE X DIEO SEBE % BERFER T TEREPHE, Fourier
BHATIL - CRHMBIRIC KT 5 P ER X O S B ORI 5 3 5 EREER O 8% 3
Nz, WiBEZ c-2MEEL, B9 a EREIDRORRELYE E 0 LT BB R
Zh, FRABREX O EFEE v CEERT S &7 % (unilateral fault, £ 1 K), /1@ time func-
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B E, BofT CHEAT 5 oK Fig. 2. Geometry of the source used in this analysis
and spherical coordinates.
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Fig. 4. Time duration 79 in equation (3). It is assumed that
b=40km, v=4.0 km/sec and v,=8.0 km/sec.
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Fig. 5. Examples of the seismograms for the

Pk & SEOWMEE S ORLED B 5 X earthquake of September 18, 1965 in Kashima-
R, PUEEIENL 3 RS & b BIETH D, Nada.

ETEIRS ORENATHTTDR EEE, KPH 2RO AR L Bk kb BBL1E
THHIODV b D), 2T 29 H0 PWHHF — 4 %1852 LT, Thb% HopesoN
and STOREY® @ extended distance MEHME L ARAY Ao TEEBEREY TEER CRL
7‘:‘0“3_79‘35“&5 6 THD., BMEL nodal line 12\ fod, P IEWEINREE/L L O (B, #

9) J. H. HODGSON and R. S. STOREY; Tables Extending Byerly’s Fault Plane Techniques of
Any Focal Depth, Bull. Seismol. Soc. Am., 43 (1953), 49-61.

10) H. HoNDA and K. EMURA; Some Charts for Studying the Mechanism of Earthquakes, Sci.
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FEO6E EHEMED 2N = XA (FEBERETER), B #L, Ak:
Bl¥, X: PHEOTEEMS nodal line iF WL HBI s h - 8HAE, P: =
EH, T: xEH, RE: B S Ric S ¥ D polarization angle, it :
FE X hi S o polarization angle, B (A): )l 0,

Fig. 6. Mechanism solution for the earthquake of September 18, 1965
in Kashima-Nada. The focal mechanism is shown as equal-area
projection of the lower focal hemisphere. Closed circles: compres-
sions. Open circles: dilatations. X : stations judged to be near a
nodal line in the radiation pattern from the character of the signal.
P: maximum pressure axis. T: maximum tension axis. Arrows:
observed S wave polarization angles. Dashed line: calculated S
wave polarization angles. Dashed curves: ICHIKAWA’s solution.

BTH LS Co7F-2n0ROCESHHBO 2 » = X 4],
Aot : mllof, THFIFORELAL,
Fig. 7. Mechanism solution for the earthquake of September
18, 1965 in Kashima-Nada obtained from the data of 1.S.C..

Dashed curves: ICHIKAWA’s solution.
same as those in Figure 6.

Symbols are the
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5, TAU) XA TRLTH B, 9 EOEIM L ORCIENTELDL THWDT, Py
MO A= XA fBehdd 2 LRETH B, PIEDO R BN & 240 - T
WAHDT 120 nodal line OMTEILEZWIWTTE S,

S W OWMIMT 2135 f2bIziE, ScS, SKS HDBAZE < 7cd, X, SV & SH o4
DFNOEERE Slodic, HOHEBRBEL UIXFMHTE 5B SOBREMC 42°<4<85°
EWSEIRAMbSY, ZoBEBE, BENEL THdWic L OBEMHAT, SEOIHENE
BPRE-DIZBOOBBISE DL TH D, B S ED polarization angle 1%, particle motion
diagram % CT—RICIEM L7 2 SEOBBORE &, PROKFOFH AL OMO A
Lo THREL TS, Lal, JOFETIBAORMONGMELEER EBMCERD S -
LR THBY, LI TEERL, VL SEOPIBOEL -7 OFERETT LM
DFRTIRWAKFEE) N-S, E-W W5 ORE\EZREL, KX2M - TZ ORiE% SH, SV
B 4 BEL, polarization angle 2 #%E L 721,

cos 7 sin7
SV = NoT+E07_

SH:__N051;17’+E0c0257 (7)

tane= S—V
722, No: N-SHESE1v—7 OiRE
Ey: EWHGHE L v~ 7 ORE
B EC BT BRI
pr ASHARC X O ZEALT D EHRE

e: polarization angle

BOR, HEXEC S ELAS LSS HYL, FEEOMIRO crust K L TR
ML Lhicnsdy, BHORVGELZEAL TLW50THE LAMMCR o THrTH D &
#x 59, S P polarization angle OBRIME (o) & BER{E (e.) DEHE(FE (standard devia-
tion, SD) ZKRATH 2 HI B,

11) O. NUTTLI and J. D. WHITMORE ; On the Determination of the Polarization Angle of the
S-Wave, Bull. Seismol. Soc. Am., 52 (1962), 95-107.

12) W. STAUDER and G. A. BOLLINGER; BfHj 1)

13) R. STEFANSSON; Method of Focal Mechanism Studies with Application to Two Atlantic
Earthquakes, Tectonophys., 3 (1966), 209-243.

14) H. HONDA; H®iH 1).

15) MRRBHE; SPEBEORWS Y O —Fl, HRB, 4 (1932), 125-130.

16) O. NUTTL1; The Determination of S-Wave Polarization Angles for an Earth Model with
Crustal Layering, Bull. Seismol. Soc. Am., 54 (1964), 1429-1440.
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Table 1. Data of the observed P and S waves from the
earthquake of September 18, 1965 in Kashima-Nada.

Code 4 Az P T TEq 4, s r

SEO 11.7 280.5 C 4.82 2.70 88.9 26.7 —
ANP 20.4 2426 C 7.23 552 58.3 58.8 e
BAG 27.2 228.6 C — — — — —
HKC 275 247.0 C 8.20 6.71 52.8 56.2 —
NHA 377 238.7 C 6.38 422 46.7 61.6 —
CHG 417 256.5 C 6.45 435 50.0 51.8 140.6
SHL 434 270.1 C 5.27 3.08 52.0 45.2 —
PMG 45.8 172.2 D 4.05 210 227 944 —
QUE 61.2 287.8 C* - — — — 134.9
NOR 61.8 356.4 C 5.25 3.06 447 52.2 —
AFI 66.7 129.6 D 434 2.34 53 95.3 165.5
NUR 70.6 332.1 C 5.57 3.36 45.0 46.5 —177.4
ADE 71.0 182.4 X — — — — —
MUN 71.9 202.4 C 5.94 371 270 77.6 —
SHI 724 294.0 C 4.80 2.70 451 45.6 —
GDH 74.2 5.5 C 5.26 3.07 39.3 57.7 —117.9
KON 76.5 337.1 C* — — — — —110.7
GSC 78.2 54.9 D 6.85 483 25.9 76.5 —
TAU 79.0 1756 X — —_ — — 137.4
I1ST 81.3 315.0 C 552 3.30 425 475 —_—
ESK 83.9 340.6 C 6.15 3.95 40.1 51.9 — 905
ALQ 85.1 49.8 C — — — — —
VAL 88.7 3429 (¢} 6.84 482 38.8 53.3 -—
TOL 97.8 3339 C — — — — —
PTO 98.2 3376 C 6.15 395 38.1 53.2 —
ATL 985 373 C — — — — —
SHA 98.7 41.6 C 5.49 327 270 70.9 —
NAI 102.6 2777 C 5.50 328 377 53.9 —
LPA 164.2 90.6 C 5.25 3.06 18.3 71.8 —

A epicentral distance. Az: azimuth of the great circle path with respect to the epicenter.
P: P-wave initial motion, C: compression, D: dilatation, X : stations judged to be near a nodal
line from the character of the signal, *: P-wave initial motion obtained from the two horizontal

components.

T, observed period of the first half cycle.

T%,: the time of the first half-

cycle of the sinusoid which is assumed to be equal to the total time duration of energy release
by the focal fault (BOLLINGER, 1968, 1970). 6: emergence angle measured from the slip vector
I'; observed S-wave polarization angle, where the sign convention given

on the nodal plane.
by STAUDER is followed.
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Table 2. Mechanism solutions for the Earthquake of
September 18, 1965 in Kashima-Nada.

Analyst Plane 1 Plane 2 S-wave polariza-

y Dip Direction Dip Dip Direction’ Dip tion angle S.D.
AUTHER N 129°E 69° N51°W 21° 10.4°
ICHIKAWA N 111°E 67° N51°W 24° 17.7°

PEHBSHEEREL, 72, SO polarization angle OEAIE L ERIEEF 455
I WD BHEE OBERFEYRDICT 5% trial and error TI N, FEO X 51, 1
>® nodal line DN BEHXBHONUDTFRUCTELI X IOBNEEH TS, ZDI 5L
THREINI AN =X A BHE O, BLUB2RTTRT, SOMBEIRTHBEKETHS
ERbnd,

ISC I W RESATWDEL L TEAMBUENO P RIE 7 — 4% b LI A7 = X AR
HRDTHDEBTRD L 51278 %,

ERTES, S IcHKAwWA OF® TH D, HMEO—FLE b TR, P w7 —
2D S5 HHI20% BA—FATRL, IcHikawa DM LHIFI NS S I polarization angle
O &R AMES THN S el L OFEEREER, RAPMEBEHOMCIETH LT F
PRELSID BE2R), 2 h =X aBERETHCERBIMEAOZRLFIRAL L NEE
DI ENHN5E,

2. WHIEEORE

AMEOEREHREE 7 L OB & H - THIBE Y ET 5, RIEIX(5),6) RXOREZE (T))
PR RD L OWFITRFEREMNEND 2 ETHD,

BoLLINGER™ (3, (EREHERO ZE 2 crust 12 A S L 7= 1 cycle DIEREE D cycle OB
Bl (T R END EREL, <t crust, WWSSN o BB »H- TR st
RROME)DF cycle OFH (Ti2) & & OBBBEFRC D2 ERUCHEL TV, 2L T,
B ROFE) DN cycle DI (Th2) ZPETH Z 20 L h crust TAHL 7z Leyele ©
BB DY cycle DR (Th) %510, 6), 6) RE > THIEE A RE L 12,

BOLLINGER D 2 iTft » T, EH L P OB ETEIES D cycle o FH (T2 % HIE L
o GBS, BLE), PEMEIOF cycle DW A LDk e LT pP, PcP e EnE
s, T, LERREHL OBEK BOX) »b, 2, 3OBESAKR-T pP, PcP it X %
WHOLFlikin L Bhhb,

BIORE Tip LRRNDALFMEDEGE R L L OTH %, drbhAETbhHRIX

18) M. ICHIKAWA ; #iH 7).
19) G. A. BOLLINGER; FifH 3).
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Dy 72 150° &£ 300° DFfrdh 72 0 T Tip 0V &b, ZOREOFTRE L L DER A H
5o

Z @ 150° & 300° D F it £ 5 = R AfED nodal plane DE X DL L v o —F L,
Tipp LN E ORIREELBERODD Z &2 5D,
BoLLINGER D FE (1970, Fig.3) iwhtys, Tiz % crust I ASL 7z Leycle OIEFKFE D F

cycle OB (Ti) ek (B 13), crust CAS LAERCOWTULRMTH S H, BoL-

N

5.496.85

#£8E B hie P PWEE cycle o B (T1), FEERF TERLCRT
Fig. 8. Observed time durations of the first-half period of the P wave
(TY) in an equal-area projection of the lower focal hemisphere.
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Fig. 9. Plot of observed 7Y, versus epicentral distance.
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Fig. 17. Geographic location of the recording stations used in the
study of focal mechanism for the earthquake of March, 29, 1965,
off east coast of Aomori prefecture. Triangle: epicenter.
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Fig. 19. Mechanism solution for the earthquake of March 29,
1965, off east coast of Aomori prefecture. Solid squares:
dilatational initial motions of the pP-phase. Other symbols
are the same as those in Figure 6.
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#3R THERESFWABCHETLIPREEICSHEOF -5
Table 3. Data of the observed P and S waves from the earthquake of March 29, 1965.

Code 4 Az. P pP P;—P Class |07/94 cos 6 r
ADE 75.3 183.8 C — 6.40 B 1.96 —
AFI 68.6 132.3 — - — — — 166.6
ALQ 81.3 51.2 C — 6.67 B 2.04 —111.6
ANP 23.7 236.1 C — 9.30 A —491 106.2
BAG 31.1 225.5 C — 8.75 B —3.59 —
CTA 60.5 176.7 X D 6.82 A 2.73 1248
CHG 43.5 253.4 C — 10.31 A —4.69 103.8
COL 45.4 34.1 C — 6.53 B —-0.90 —1196
COP 756.3 333.6 C - 9.02 B —2.82 — 63.8
CMC 57.3 26.2 C — 7.14 B —1.34 —135.1
COR 65.2 51.8 — — — — — —122.3
DUG 74.0 50.6 X D 6.47 A 2.31 —1149
ESK 80.2 341.2 C — 9.20 A —2.40 — 944
GDH 69.8 6.3 C — 8.15 B —2.04 —104.9
GOL 78.6 47.1 C — 7_@2 A 2.04 —124.6
GSC 74.7 56.6 X D 6.00 A 2.48 —
HKC 30.5 242.0 C — 11.78 B —4.77 —
HNR 52.2 158.8 D — — — — 132.2
I1ST 79.1 3153 C — 9.27 A —2.92 —
KTG 68.7 354.7 C — 7.91 A —2.52 —102.2
KEV 60.6 339.0 C — 10.22 B —3.44 —
KIP 53.0 92.6 — — — — — 1716
KOD 65.0 261.8 C — 8.96 B —3.65 102.6
KON 73.0 337.3 C — 8.81 A —2.84 — 938
LEM 574 2232 C — —_ — — 99.3
LON 64.9 49.2 X D 6.75 A 261 —168.6
MAN 32.2 223.0 C — —_ — — —
MUN 76.4 203.3 C — — — — 104.9
NDI 54.4 279.3 C — 10.38 A —4.68 —
NOR 57.6 356.5 C — — — — —
NUR 67.4 331.9 C — 8.85 A —3.30 - 971
POO 62.6 2715 C — — — — —
PMG 499 174.8 D — — - -— 1376
QUE 61.2 286.3 C — 10.02 A —4.25 —
RAB 454 167.3 D — — — — 1135
RIV 74.5 173.1 X D 6.42 A 2.34 132.6
SHL 449 266.7 C — 11.53 A —5.08 —
SHI 71.8 293.6 C — — — — —
TAU 83.2 176.9 — — — — — —
TUC 80.4 55.6 X D 585 B 2.19 —122.0
UME 66.6 336.0 C — — — x Ia_z — 884

pP: initial motion of pP-phase. P,—P;: arrival time difference between the Pj-phase and
the first arrival. Underline indicates those for pP-phase. Class A: sharp beginning of
P,y or pPyphase. Class B: blunt beginning of Py- or pPj-phase.

Other symbols are the same as those in Table 1.
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Fak FHREETWHREO 27 =X 4
Table 4. Mechanism solution for the earthquake of March 29,
1965, off east coast of Aomori prefecture.

Plane 1 Plane 2
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Fig. 21. Plot of the time duration Ty(P;—P;) versus
epicenter-to-station azimuth.

a) DRI RDETAEETH 5, BRETO crustal layering 0 BEIZ X 5 D ThHiut
W Aie BRI K LT Afk7e phase BBlbh AT TH D, &2 H, HxOBRHAOME
EE%&%@@E@K&&{:ELT&&@, LD L 57 phase WHlbh Tz, ok ziE, F2K
A4 SOBMEOBIETRT, kI OWMEBORS, Hik MKUMO™ ORUNLE b DTH
%, MIKUMO DI DELRILCCREMBEDO L D TH DAY, crust ~DO AHAILZ OMEOS
EELIBEELTVOTHETE S, X, BEN-MENAHEM et al?®® 0 fF 4 D crust 5 LT L

21) T. MiKuMO; Long-Period P-Waveforms and the Source Mechanism of Intermediate Earth-
quakes, J. Phys. Earth, 17 (1969), 169-192.

22) A.BEN-MENAHEM, S. W. SMITH and T. L. TENG; A Procedure for Source Studies from Spec-
trums of Long-Period Seismic Body Waves, Bull. Seismol. Soc. Am., 55 (1965), 203-235.
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7, b) OBBULKRDO FETIREETH %, Fififi IV.-1) TRD # 7 = X A BEHHHFX
na, kit a—m v SOENEO pP-phase OEET, HETOKEIC X B HOMESY#H
2T, PEAENERU ST LTl e bisv, UL, Prphase 35| & 2R3, %7z, dt
X, A=A+ 7Y 7 HEBOBM A TiL pP-phase NF|FEL 7 &I pPr-phase BBl h T 5,

RECEZDhDO o) BROEETHD, Hrasawa®™ (1, FEME (196446 A 16
H) © P iEw#hEas i 3 o0gEE s phase (Py, Py, Ps) # R 2o H L T35, 2 ® Psy-phase i1,
MEYE B HEOMER) AR T I & &, D phase DT H L TRIBNRACKD &V 5 HIED
HEWCBREI R, Zh* SAvace® =5 L EBRCEM L, Hmrasawa and STAUDER®),
SAVAGE™ HEBIRANCT L 1o D DI % stopping phase TH 5 LR L, FEmE
DORFEFEE, BEORBEEELEEZREL C\5, EFHOMA L Prphase 1 Hirasawa @
Py-phase I *f/ii L, stopping phase TH% &2 bhbd, Lil, Hrasawa OHELED

23) T. HIRASAWA ; PiiH 3).

24) J. C. SAVAGE; The Stopping Phase on Seismograms, Bull. Seismol. Soc. Am., 55 (1965), 47-58.

25) T. HIRASAWA and W. STAUDER; 374 8).

26) J. C. SAVAGE; Radiation from a Realistic Model of Faulting, Bull. Seismol. Soc. Am., 56
(1966), 577-592.
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Fig. 24. Upper: impulse response of the rec- B2BE FEAKBEO T LEERER
ording instrument (after BEN-MENAHEM et al., Fig. 25. Possible models of the fault
1965). Lower: construction of the Pj-phase. plane and coordinate system.

27) 1968 Seismological Tables for P Phases, Bull. Seismol. Soc. Am., 58 (1968), 1196-1237.
28) T. HIRASAWA; BIH 3).
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Fig. 27. Spatial distribution of fore- and
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same as those in Figure 15.
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ERABROEE L, HEOBHNSHEOF I W RELEbRD Z LNMHFEIND 2,
SEEN L o B OB FOHB LT XTI 0N TER o X, @ADL, REEER
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29) L. MANSINHA ; The Velocity of Shear Fracture, Bull. Seismol. Soc. Am., 54 (1964), 369-376.
30) T. NAGAMUNE; Process in Source Region for a Great Earthquake (The Tokachi-Oki Earth-
quake, 1968 and the Etorofu-Oki Earthquake, 1963), Zisin (J. Seismol. Soc. Jap.) ii, 22 (1969),
104-114.
31) H. BENIOFF; Movements on Major Transcurrent Faults: in Continental Drift, edited by S.
K. RUNCORN (1962), pp. 103-134, Academic Press, New York and London.
32) B. Isacks, L. R. SYKES and J. OLIVER: ®ijH! 1).
33) zhbrowTiy, 6) %2R,
34) G. PLAFKER; Tectonic Deformation Associated with the 1964 Alaska Earthquake, Science,
148 (1965), 1675-1687.
G. PLAFKER and J. C. SAVAGE; Mechanism of the Chilean Earthquake of May 21 and 22,
1960, Bull. Geol. Soc. Am., 81 (1970), 1001-1030.
J. C. SAVAGE and L. M. HASTIE; Surface Deformation Associated with Dip-Slip Faulting,
J. Geophys. Res., 71 (1966), 4897-4904.
W. STAUDER and G. A. BOLLINGER ; Bt 6).
35) T. HIRASAWA and W. STAUDER; FHijH 8).
36) Y. FUKAO; Focal Process of a Deep Earthquake as Deduced from Long Period P and S
Waves, Bull. Earthq. Res. Inst., 48 (1970), 707-727.
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8. Source Mechanism of Two Shallow Earthquakes
as Derived from Body Waves

By Tsutomu SAsaTANI
(Department of Geophysics, Faculty of Science, Hokkaido University)

The source mechanism of two shallow earthquakes, which occurred on the Pacific
side in the north-east of Honsyu, Japan is investigated by using long period P and S
waves from WWSSN seismograms. The fault plane solutions are obtained from the
distribution of the P wave initial motions and S wave polarization angles for both earth-
quakes. Two nodal planes of the earthquake which occurred on September 18, 1965, in
Kashima-Nada are given by dip direction of 129°, dip angle of 69° and dip direction of
309°, dip angle of 21°, respectively. Two nodal planes of the earthquake which occurred
on March 29, 1965, off east coast of Aomori prefecture are given by dip direction of
112.5°, dip angle of 74.0°, and dip direction of 304.0°, dip angle of 16.3°, respectively.

The long period P waves of these two earthquakes are analyzed for a propagating
source effect on their temporal behavior. The time duration of the first-half period of
the P wave (7T1/) is measured in the case of the earthquake which occurred in Kashima-
Nada. T4 is converted to the time of the first half-cycle of the sinusoid (7%»), which
is assumed to be equal to the total time duration of energy release by the focal fault
(BOLLINGER, 1968, 1970). The effects on the wave form due to passage through the crust
and instrument are removed. The variation of 7%, with respect to the fault plane ori-
entation is investigated. 7%, is well correlated with the emergence angle measured
from the slip vector on the nodal plane with dip direction of 309° dip angle of 21°. This
result leads to the following conclusions: (1) The nodal plane with dip direction of 309°,
dip angle of 21° is the fault plane. (2) The fault length is estimated to be 12km. (3)
The fracture velocity is estimated to be 1.8 km/sec. (4) The nature of the faulting is
the dip-slip thrust faulting. These conclusions are supported by the spatial distribu-
tions of the fore- and aftershocks of this event.

A particular type of phase (named P;-phase} is found in the P wave train around
9 seconds after the first arrival in the case of the earthquake which occurred off east
coast of Aomori prefecture. The motion direction of the P,-phase is opposite to the
direction of the initial P motion. The arrival time differences (T,) between the P,-phases
and the first arrivals are shown to be azimuthally patterned. This P,-phase shows the
distinctive characteristics of the stopping phase. The variation of T, with respect to
the fault plane orientation is investigated. 7T, is remarkably well correlated with the
emergence angle measured from the slip vector on the nodal plane with dip direction of
304.0°, dip angle of 16.3°. This result leads to the following conclusions: (1) The nodal
plane with dip direction of 304.0°, dip angle of 16.3°, is the fault plane. (2) The fault
length is estimated to be 53 km. (3) The fracture velocity is estimated to be 7.0 km/sec.
(4) The nature of the faulting is the dip-slip thrust faulting. The fracture velocity esti-
mated is more higher than the S wave velocity; this model is significantly different
from the ordinary propagating fault model.



