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Fig. 1. Types of earthquake sequences. Vertical bars
represent the size of the “trigger event”.
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Bif - TERAUL, BRI BERMEBLFIRL S, LALALUSERME TR T,
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1. BHRBEEZOES Blk BUBBKIUCECREO
: ] B e A EE A Cluster @ )

AL OB R ARE D B S hui Table 1. Examples of deep and shallow
Pl icw2y, BOUBETHEBERITOSHe earthquake clusters
WEFOREOBFR LI DI, M6 L Lo & 5 & = x |® 5|
ETHAENBN IS0 LH D, WL N B | (km)

. e . . 1957 7 18 | 30y, 139 400

B L R\VHER RSB L b OREHNE 8 2 | 29, 139/, | 400

WE bk, fo k¥ Lukg® @ Xl 8 29 293/,  139Y, 450

19654 3 J 14 F » Hindu Kush o #E (ISC 9 18 | 30 139 | 450
. 1966 12 2 41.5 140.1 160 5.4

z " M=64, h=205k

% BULLETIN ¥ S puidl M =64 ) 12 6 | 419 1414 | 120 43
I 4A A5 HETRIVEOSEALBI & 1967 2 3 415 1400 180 5.4
A, EROBRFELFHTHRAFEAROIEH 20| 44 M08 ] 180 | 45
1 p=14TH -7, PURCARU® (3 1940 4g 11 1961 6 19 | 391 14370 40 | 56
] 6 19 | 302 1437 40 5.8
HA10 B ® Romania #E (M 7.4, h=150 km) 6 19 39.2 1435 40 55

DEBIZOWT p=11 %BT\ 5, .
LAaLl, BUMBCEE 1IKD0-B %7 9

11 0-C o<, THOLKEL IR AHEAT 1965 9 25 | 395 1437 60 5.5

kTR o - £ L REE o % | me 1as| | 53

W3, Isacks 572 2 % Multiplet &I A4

T B, HARFE Cix Multiplet OIS % 0 % o hy, BERZERIANCS L ¥ L ¥ - THD

EEERsbR T 29, B LIRORLEb DL CIRESD LoBITH S, BB L Mo

1963 6 36.7 130.7 60 6.0

7 36.7 130.7 40 6.2

5) A. A. LUKK; The Aftershock Sequence of the Dzhurm Deep-focus Earthquake of 14 March
1965, Izv. Acad. Sci. USSR, Phys. Solid Earth Ser. (1968), 319-320 (English translation).

6) G. PURCARU; Unele Probleme ale Cutremurelor din Vrancea si ale Replicilor Lor, St. Cerc.
Geol. Geofiz. Geogr., Ser. Geofiz., 4 (1966), 87-99.

7) B. L. IsAcks, L. R. SYKES and J. OLIVER; Spatial and Temporal Clustering of Deep and
Shallow Earthquakes in the Fiji-Tonga-Kermadec Region, Bull. Seism. Soc. Am., 57 (1967),
935-958,

8) T. UTsu; Time and Space Distribution of Deep Earthquakes in Japan, J. Fac. Sci., Hokkaido
Univ., Ser. VII, 3 (1969), in press.
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TR, BOLONKREELEFENDETHA ISP, L H Tl L TRBERMELFITIZTHA S,

FI~B I FRHDEHERTH, TORBOANTKD 2 JIZ DGR TREL, F1
RAEMEBEOBER BH ~F+oH) HEFOMSOLDEEN LN o2 h, KIRE
DEBCE - 7P WIREOHMBRBRIL TE oo T500, HFEI L HZMEOHILSE
BXodilito TOBIREENAHS, LNLIDI LI I CHEE LTWSERSHORE
DA IR ELEEIF LD EEBbRA,

F21REA MO E (trigger event) DM TH %, trigger event iR L DT (o
EXEREBEOFROF - EHETH D L 5FR), EBORKRBCITHEHOLRE (ZKRA
B) bk b0 THEDEWIFELND D, JHIEHL, RECE IR TR LTORENLD D,
FOELRE - bDHD, HODPE-» TRERINEEHIED DT T2, £LOREBECD
WTEDTRGEENMRD LRI O, BHOBRALUTOREITELINGTHLEVS5EL
bbb, BLRAMEOEZIZ V- THHPRTWAB L3R5, 4L ORENBEBES
HRED trigger event LT HMHR T/R LI L R IEREOEX LFETHHIT T,
PROZREEY oo bW LB 2BED L O % TF trigger event L&z 5 L
FAI-BEG 3 L A E RS v ECHR» TLE 95 bk, I 2 T trigger event
ELTHREALORTIRER LTS, ELROGEHIBREOHUN O DOEHEHNL LD TH
o THESHI L & O Tiin,

B3~8MirE L LTREEERCHEAR (RET) FiBloEhc L h 23 @0 ME RS
DEHEHG T oWT, FREOMBEOROEG AR LIcL DT, LWD2hDOKEWHEOKRL
BEATRL M OfEx [ L TH 5,

1) 1-A B

53, 4R L b DS s Mic X 5, SHEMCE S AMEDS CLHE2E, I Mnb b

9) 8. MATSUSHIMA ; Fracture of Rocks in Solid Medium: —A Consideration of the Occurrence
of the Earthquake Sequence, Spec. Contri. Geophys. Inst. Kyoto Univ., 6 (1966), 289-301.
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2LHD M62 DOFREOBECIEBIRD LN, Tk, KED 3 » AR ABOERE Ik
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DEF DRI CTCVCHAMIZEA LTk Y, 20O L A4 0 M64 & 2 HORIEN
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Fig. 3. Variations of the hourly frequency of shocks (1).

10} T. Utsu; §iH 2).
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TeBN, TOHMBENLRS EFCTORKKEL M63 Thotc, MT72 OMBIX —REEYETH
ST HBERDGDTE M46 TM7 75 A0MEE LTRREEHIIEL LEH,I - T,

1952 DI 121E 1-A BT, & QCERFNE £ 21110 ARICRAKE (M
70) MRS TLRBIEENCE L AEEN ool & TH B,

58 Ao 1961 4R g EE, 1962 £EHEALTMEDL Dy »thZh 18, 1.7 L k&<,
I-FABTH D @TFECE, SLKPCITEEDSD 1L dTHEH), —~REBIHERDOLDOT
b MOBELRDT, TOZREBNE D -1 & LTHBEIIC Do leD b iy, L
2L 196348 A 11 B O FHIRILMME (M=53, ZhExBRRKE LAl Di=12 L ?)
CARBILE - Bl R - fe, dLEBHEOH 2 %D 196347 H 24 AITRERD
BEEJe M51 MBS ) T 0% LEOKEBNEBI T 55, T LEEELS Tk
ORI EUN RN T OREER LB b 2 BEO B NEE R IR TL A,

FBMEBEORRKOKRELAED M61 0 3HOAEIAEND SEBEELOMCED,

30r 59
70
. . 65 X .
Kitamino, 1961 ! Miyagi, 1962
= M = 8.5
ol M=7.0 L 6.5
5.2
ok L
50
I L A |/J\ A 1 I /J\f\ MD A DA
ug. 19 20 21 22 Apr. 30 Moy | 2 3
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00t
8302
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20+
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6.0
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L._L i 1 L . 1 MAAA NDNA “ JLA_ Al
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FAK 1B L OBEHORBMEL (20 2)
Fig. 4. Variations of the hourly frequency of shocks (2).

1) EFRE=ZE  RRAER-EE B HRAABTCST 22 5BRA0EIC 2B hBoR
B, BRI, 42 (1964), 257-272.
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FOMDOKBORD Fixnle W L X 5 TH D0, ThRE 2 LiF I-A RO fik
LTw5b, RIEKEVWREITI M=60T7AI2ARE- TV, TOMEOEELEIK
HICRER TV A XS, EHLUKREEHOA IRV, A LIERIURET
DOEEMERIE T OMBOEE S KRB ML TV 59,

AR L g AMEL LTI ERDOE 1943 49 B0 BHUhE, 1948 £ @I HE,
1963 O MFTI R & 2535 5,

2) 1-B DB

LEOFEMAS ML IFA B L RENDWD, ABE M BIKE Bl b WHIENEKED

SO0~
40,_6>4<I,ww¢ i
6.7
V Imaichi, 1949 Teshikaga, 1959
30k 59 M=6.7 | M=6.2
20} L
oF =
0 ! L 1 L [V)Afl [ A/\N’\/\/J\—\ A
Dec. 26 27 28 29 30 31 Feb. | 2
10
’767.5 6.0 Sonriku, 1935 7.1
ca M = 72 (i,s
RIALNY. VY SN . . i C\ s
QOct. 13 14 15 16 17 18 19 20
eor Tottori, 1943
6,|u58
M= 6.1
10F

WWMN&MWM%MKAAMA%M

F5H 1mEI L oERORMEIEL (20 3)

Fig. 5.

Variations of the hourly frequency of shocks (3).

12) N. YAMAKAWA; #ili3)m» 3%H.
13) The Parties for Aftershock Observation, Earthquake Research Institute; Observation of After-
shocks of the Niigata Earthquake of June 16, 1964, Bull. Earthq. Res. Inst., 46 (1968),

205-221.

SR FF; W06 A 16 AFBMBRERY, B3, ROEERE JKTHERRSE F48F

(1965), 37-63.
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AR EEE LT » TU 56l LT 5 oS HmE (M 64 & 67, 84 1R), BT EibE
(M6.2 & 61, B4R 250, FOM19394E5 FOBEFEWE (M70 k6.7, 25k
ERD D, LBHETEBEBICITI B M57 28 2 HOMEI - T\wb, ¥4
BL2THBEKIAD MS59 OEKBIZREELH - Tw50T, Ihbirgniuil-CH
TH5H,

ZodbomEAI L ECHETRE, —R—o0EL A Zh s, RMELE
LSRANT, ZThpiRG TR eSO EOHENA LR - T b LR b {22 dh

61,
75 ‘

Sanriku .
20} 1960 Kashimanada, 1961
M=75 s.sfilf"e M = 6.8

5.9 6.7

64

10+ 4

o A i ! /‘A/\/\/w/\ M A)
Jon 17 8 )

30} S. Kurile, 1963

M= 8.l

7.9
4
Tokachi, 1968
30+
M =79
20}
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N M
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FE6R 1RHIEOEROFMMNEL (zo049)
Fig. 6. Variations of the hourly frequency of shocks (4).
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W, 1-By ML Dk 5B BT RO BT OaEMNIRE Y ET 5,
IFIFELVRE S OO0 trigger event ORfREACLRT U, 55 KD 1935 Fo =

Fukushima, 1938
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7.5
le I
\
20} 6.7
7. 6.5 l
1
10
)
o) 1 ! ! ! & \AAA_‘A.AMA_A_A
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40~ v
Mikawa, 1945
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Fig. 7. Variations of the hourly frequency of shocks (5).

14) 7o &z

FHRELR,; BRMGEOFE (1), BERE 21 (1956), 95-105.

S. MIYAMURA, S. OMOTE, R. TEISSEYRE and E. VESANEN : Multiple Shocks and Earthquake
Series Pattern, Bull. Int. Inst. Seism. Earthq. Eng., 2 (1965), 71-92.

M. Wyss and J. N. BRUNE; The Alaska Earthquake of 28 Mach 1964: A Complex Multiple
Rupture, Bull. Seism. Soc. Am., 57 (1967), 1017-1023.

BEES; AMBEROHBE (1968 S8 s L0 1963 =+ = 7 SO HER), BE (), 22
(1969), 104-114.
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WIE, 194343 AOERROMBEOL 5IT/ad TOPAWTANABLE LXKV EVWIE
RO HBMB LRI E L L5 D,

1I-BHDL 5 B LHAO—2111927TE3 7RO EET, 4 1B M62 D
KREBUHEBOZREER - 1,

WA 1-B, oGl dise, DNEv 1-A MORFIOHIT K E - 1-A HORFIBE Y,
FLETCTRERTHEI-BATHA X 57 boik, TOHFD 1-A BoRFI M E - TFHAET
LDEREHD, LU QL LCELD 2%, Z0X53 el LTRETEo=t
7 BN BT B RS, 1968 EHBMHELRCIIRERTW LW AKEBOE ARTOS A 2
Hiz M53 % trigger event £ 7% 1-A BORFIME » T 5,

3) 1-CHoH

FAL A AR DKFHERING TR 2 RMEEI LB 503, 1-CBEP RS &80, JDL
&, 58 6~7 X7 1938 R E R HhEE, 1953 R HIER, 1968 sE- T mutBE oM< mg oL o
PEADEE, FOBTES L bDOIRBE RSN, %70 1960 E=pifUhiE, 1963 F= +
r 7 WHIEOML, BARDLDDOFIT/NILRINE > T ThEhA i b hEFiuith
BHIEL R IR 5, LA LREEINKRE CEDLWLLL OO trigger event 738EL T
DL 1952 FEO=FEMMED L S THRMB LI D, 1968 SF-1 B i ith FE<> 1938 SO F
BEMHMEBIIHEHEL IIFER TRV, TRISTWLEDEEL DR D,

BERMHE TSR LR i & b 6 o trigger event "Rz %, 22 HD
M67 DL 7HDO M71 230 B0 M70 D3 DL $EL LW &EbEREIRB, T
{HHIEE © trigger event (315 A 16 H 9 Bgd M79, 1980 M75, 6 B12 0 M72, 7 f 12
BO M4 ERHY, hHERFNOBROGHIT TR LT LB LICEBE TR L TV 5,
MLOMBEOF TIEERDOH, BE, trigger event DR HEIRIE T E¥ THEICE T2 BRI ¥
XVEIREDIDLIOFIEIBROBMMIB ED Z- T LT o,

1961 £ FEEHME T trigger event NABOE S OMICEF L TWBDT, FD
BOKEEGOBFEIHEHRINNTH D,

3. B4R —RER

HIZEOREMSABAMLTE LR 2-A ok 57l & 1-B, 0 X 5 R#iRACS TS
BT LIEARD LT B, £ ORTROKMNS MiLs i b RBEAT, BT %%
TLHIREA LA 52 L0 RA %, B7ROZMME, 88 KOWMBMEORRE
FhBHRRUTH L,

4. BRHMBOH
BHRERBMEBLIFINATWALOTY, F1XD 3-A, B, CHo X 5B trigger event

15) AR, MR -HRAMEBCOVT, BAOBEZOME. £3 8, H43, 526, 1B (i), 20 1967),
#dpE, 143-146
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Eaxiownbnd, 1-C, 2-C B o—EH D L 512 < 25 d trigger event & Z U FET 5 4
B (iR 0BAEPLHL LDOEARAE D, LOEREIAT LLFHICHMETEIRGA, 2o
TIRHEYE L EONRNE, REYE2BOMEMBEL Y S LI2T 53, TTRAL LT
Fro =Rt e M SR AT 5 R AR ME L S 22, F1ENS VDI
FEESL EOKUMTTH D, HBRTRT LS, 1962 FDO=ZFEHHKCH b D
13 3-C B MM T, M=59, 587 LD RKEmHEL trigger event I/ » Tk b3, M50~

20(
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1ok ;
55
[
o) T JAV,Y /\M A AAA)
Dec. 9 10 11 12
1O Miyake -jima, 1956 L
160 5.4
M”V\MN\W\ ) /
0 . AL TR Y K&kmanhﬂm\m
Dec. 21 22 23 24 Nov. 10 0 12 3
5.2
Miyake ~jima, 1962
30
201
oL
5.9
OLAL
Aug. 25 26
or O- shima, 1964
20}
S.8|
5.2
10+ 5.3
ol - . IAA/\AAA/LAAJ\AAA/\A ;f\m
Dec. 9 10 25 26 27 28 29

ESE 1ML OEROMMBEL (L0 6)

Fig. 8. Variations of the hourly frequency of shocks (6).
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S2BEDHENFEHOBDOHI-VITRLRE2DL, FBHNET bl OREOHELS
FNDE ST MR LA 58I R ORI trigger SATHFEBRBEE-ETH L
DI ILWEOSELRB,

HICi3m e Ty o3 1930 SEF O R EBFFRME L 2 iERBEOHEO $ o T 3-C i s
Haxhd o, 288D 1G4 FEDKREMNED S Dzt M58, 52, 5.3, 55 7¢ ¥ OB trigger
event L7 » T\ A X 57T, 2-CHB LK h, 1968 ED 2 VCOHEL M57, 61, 5.6,
5.7, 5.4 @ 5 @A trigger event L7c > T\ b 2-C B Lfe g B, 1965 b B KA T
DR RMBIEETH AL, LY 2-CHBE IR L 5,

Sea of Japan

pacific Ocean

130° 140°

BEOE 1926~1968 Fi ki 2B Ln 1 EOMBME (BB JOAEM), #
2ROFAWED 2\ I hCHWHBER (B, AOKREF SBKEVIE
I Mi>T7, 6, 5% RbT), BLUXOPHBELREEAE 58 08F

Fig. 9. Locations of the main first-type swarms (open circles and ellipses)
and the groups of earthquakes listed in Table 2 (soild circles).
Triangles indicate intermidiate or mixed types.
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magnitudes are not very much different
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5. Some Problems of the Distribution of
Earthquakes in Time (Part 3)

By Tokuji Ursu
(Department of Geophysics, Faculty of Science, Hokkaido University)

Clustering of earthquakes is an important factor in a discussion of earthquake time
series. In many cases clustering of earthquakes has a more complex pattern than
a simple aftershock sequence accompanying a single trigger event or a simple swarm
with a single peak of activity. Examples of the earthquake sequence patterns and
a new classification of them are illustrated in figures (cf. Figs. 1-8). There are many
instances that more than two earthquakes with small magnitude differences occur in
s group (cf. Table 2). The geographical distribution of such groups in Japan shows
a certain regionality (cf. Fig. 9).

Earthquake swarms are classified into two types. The first type occurs mostly in
volcanic areas, and the magnitude of the largest shock rarely exceeds 6. The second
type includes some of the above mentioned groups of earthquakes in which the largest
shocks have approximately equal magnitudes. This type occurs both volcanic and
non-volcanic areas. Some large shocks in the second type swarms occurring in non-
volcanic areas have magnitude about 8.

The “b” values for some of the second type swarms are very small (¢=0.5). This
is explained by the fact that these swarms are the groups of several “main shock-
aftershock type” sequences (cf. Fig. 12). The small & values reported for some foreshock
sequences may be due to the structure of the sequence similar to the second type
swarms. Some considerations of the values for p and ¢ in the modified Omori formula,
together with a formula for representing a standard aftershock sequence are also given.

(to be continued)



