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WET MBI REECIES ¥, T, KEOBNFTCIIERCAB LT, HESRNOBT)
BRI b5, COBBHBOEROBINERE, ThehoBd#cL), 00
BOTWB L5 THAB. Lnl, APIAYIRL &1, BHENLEETE ST, Bl
BREEL T D2 LD TV HDT, HELHS X5 RHEOR - HATE, &
BERNAEST5 2L ST bR X5 TH.

BEPEORHE, AS7cHE (1969 449 B 9 Ho BEEBEIHZL T ki o>
T, BHOBBENGROEIC NG, KRERNOBE TIAFARIWLNT
HY, FOEE, SROBNEIDS TR OLAEHNL, FMoMs, RENOFFY
Lic< i BRI H B, '

—F, [EFUNOMBEHNL, HREAra»iu, 10 Fiio 10 FH oS
%, BREROMEINC X AEEHN T b Tnb, Zh OB ORI R,
H2AV 0T, BEOBIELC, Fofkomzhcabh, KtENHRDL, HHBHL
W R fFR bR TN 5 Th B, ' ‘

fe¥ ok, FEEO—AE, MEIEDR - Toey s —  BHENEOMBRLETH D
DT, BEEOAERINCL EAT BREAELTTHS, L, E2&) LcAERc
RUIRD, FoBRERIGEFENEC X 5 EELHEZOMIMEBIMC X 2 ERE
REAI ., BRI EAM OB REA Lo g, bbb I ER AT
O BRI e B,

FEEE, FEFR I TV A BNBERIFTO% ik, 8 10 HfEofSRoMmE >
TWADT, HEDEZ 2SN X2 TIERTCHE LR Th, KRERNETS
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FEOT, “KREBIIV2 BXED, LARTRINESR” VW) I ERIIOE
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“REBIE WIS RED BEZ DR, “4E TOREBRIIV- T Tisbh,
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II. KHBORBRH

I-1. (& L A&

“GETOREBHINI VG IR RN D, KHE oBicEZ 1T
DMLDOD, KEBMMORIIMSE LD DD, Fio, FARHEOBHEN « P Tis
btk T,

AH I REBRORUL 1927 FOFEMMEORK, A (1929 X2 TEMIRT
WHDN, BHILEXBRS. Ll, BETRb T 5, EEENGERDHE R
DX, 1936 FOMPAFUIE T (BA - 3R 1936) 2 23k i 2 500, i
LEENBTHA S,

RO BHDO—21% “BERF S X OEFOBEMC LY, Vi s gEsGFe B 3
2 THBHOT, 1935~1964 F0 30 FIic, AABIOFOEIHCI Z DcittEY,
FOPFERN G E Lic, ®EOBUL, TNTEES - B8 (1969)% 12 X 2o &
TN, BRMBIXFOREEORGEIBIL T LI

I-2. % %

Sl UicthBiy, B o & < 1935 4E~1964 EDfic BAMEIE Z D%k d DT
HBH. FHEFE - BEF (1969 DRI T, RYOTHHTHBH I TV BT,
A2 DB OWTOMIL, IHEHHET “RECHTAHREREE TS 2 HD T 55H
X (Fek 2iE, HEHMEORE ORI (1935)9 LA AEHRLE LTHESY L. “—i”
LWV ORI DOKETIL, REOBRELHFATV S, LKL, FOHRE, FEEL DGR
BPMERTCRE L, ARCEREEOBREES P-S HES At it £ F
> TWBDT, (Z&AEXFENRN B2,

AR OFEBIE, MMEFN RO RERNZ RIS L350 THEnD, H
AACHE T AROHEL, FAEOME,» OB L, #itEoflEc Lo, #HiENS
ELTEENDNED, HENCELOTHEL Hoks, ToHEL L UL, FoM#EDR
PE—2Th, KREOHLNAERIN TR, FORETAETEED . k2l
TERFES KFEPTERTIL 6 MO D Y, TOIDLRERLLIFEHHDT, 20D
ERTAERRICED

II-3. #hEOK LB

30 FEHITHEAEOMN R LI 213ER 50 HTHD. ZD 50 HO METZOWTOHRT
13382 ATHB. D5 BbRER/TORL 51 BT, £EBATOEN T AHER
18 ThHa. #H1KUX, ~7/=F.— FHOMER, 2%, KEHRIELRLE.
FINIEIRERRLILOTH S,

M=8 O3, ThHichiTs 84 WORNDS b, KEHILSHEMN 10%
T, FHD 13% LH LEVEIETHD,. JRuE, M=8 oENTRLEBTESD,
Lo kAT (R, M) <, BERENOLE0RLBECETIth oz &L LEER
1) N. NASu, Bull. Earthq. Res. Inst, 6 (1929), 245-331; 7 (1929), 133-152.

2) N. NASU and T. HAGIWARA, Bull. Earthq. Res. Inst., 14 (1936), 285-289 and 290-296.
3) T. UsAmI and J. Tsuno, Bull. Earthq. Res. Inst., 47 (1969), 271-394.

4) loc. cit., 3).
5) T. HAGIWARA, Bull. Earthq. Res. Inst., 13 (1935), 951-965.
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Table 1. The numbers of shocks, papers and aftershock
papers for magnitude.

Number of
. Number of Number of
Magnitude shocks papers af;le;se};:ck
~8.0 3 84 8
7.9~7.5 5 55 12
7.4~7.0 12 112 16
6.9~6.5 8 56 9
6.4~6.0 14 65 6
5.9~ 8 10 0
Total 50 382 51
o0——0 Number of shocks
. ®----® Number of popers
=S X=-=-X  Number of papers on
o aftershocks
s I5F N\ 4150
5 /\
£
g
s o
5 10F -100 &
£ =Y
2| 8
s N Number of papers on major
3 / { 3 earthquakes in Japan.
£ 5f R A: BERL 166 (32,27)
5 Y B! Quart.Jour.Seis. 122 (7. 2)
5 \ C: ZISIN 62(4,3)
= “\u D: Others 32(9:7)
~8 ol79-75'74-7ols 96 5' smﬁ 9~
T e Fig. 2. The number of papers on major

Magnitude

Fig. 1. The numbers of shocks, papers
on major earthquakes in and near
Japan listed in the bibliography com-
piled by Usami and Tsuno (1969) and
of aftershock papers concerning ma-
gnitude during the 30 years from
1935 to 1964.

earthquakes in and near Japan from
magazines. The hatched portion (the
right numbers in parentheses) shows
the number of papers on aftershock
and the blackened portion (the left
numbers in parentheses) the number
of papers on aftershocks according
to the temporary observation.

LT\w5%, 6.5=M <7.9 olElL, L5 O-NKERTROEELEL, TOoBREDOHR
BoEX, BRI s Th5 2 ELBERL, RLABEOHRCHL TWH I ERRL
T 5. ‘

oML, HMEORTRXHENZTLE. BD -~y FOESIIRERLE, R0
DEEBHYD 5 D, BN OERORIITH D, ERTBCHT S, RERED
EAL, ERiERES 19.3%, WRENYIL 5.7% TH D, SHIIKETORERE, B
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Contents of papers on aftershocks
A': Characteristics of aftershocks 36

Number of papers on aftershocks B! Seismological study using
A Temporary Obs. 39 aftershock phases 8
B: Stationary Obs. 12 C ! Engineering seismology 7
Fig. 3. The number of papers on after- Fig. 4. The number of papers on after-
shocks by temporary and stationary shock by main contents. The hatched
observations. The 'hatched portion portion shows the ratio of papers in
shows the ratio of the paper in Bull. Bull. Earthq. Res. Inst..

Earthq. Res. Inst..

TR X 5 I — RIS OFFIC A D b ORI B TH D, DHEOEIEFR 28.1% T
BHH, FOMIEL, BB EI4ER, Bull. Tokyo Gakugei Univ., dtXHiERIEHIE
#4%, Papers in Meteor. and Geophys., B AHi4pBised S, B¥o6iktdhd, K¥F
DFFFEREN 2/3 HDd T B, KFBEFROKMEOTRRLTIE, RED, Lo bEF
B OER OGN, FEAETHH I EHXRLTS,

HKEOFYN, BEBNORBICIES 2L D2y, BRI IESW S OrERL:
DHEIRTH S, FEHHERIIC X 5 RERLOEIAIL 76.5% (RUIZEH TIL 69.3%) &
o, H2MORERY LEET D L, [IETERNMY b CREOMET 21K, &
PFURAN ST T OBRBEIARE M ELHDTNDE I EZRL TV 5.

51 SRORERLONBICONWT, THLCHERYE 2 Remlic. TORBFLZRIIL
TR AEARCR L. RERLDO 70% BHEBROWHCOWTHIREZL, 16% 234k
B o THU BT AR S e T x L, 14% »HUEIREN: & o BT e bR
THor. ,

SEOWERHTHEE, H2RREATWA X O, ARIER, P-SHEES, &=
BESHN, SH5EHTO5 S0 35~45% R U bhTw5, RIEEOE T, KRE
DOEIIMZE L B ATV S, BERER, BHERENORLOKRTIVREL TS, KTF
R BRDID, RELELDY LT, FEWASD P-S »OEFREYRETZ0H, IhE
TO—RITIETH Y, BT HEENEERRECEST5 Dk 1966 £LERO/IN LT
$5. EOEERFELLHEHZ LD, tripartite & AV TEREREX TR0 LR
2, MCBRREEECLER L E L THRELA, BEEEEN R COhIcEER13.7%
TH5., BREWES (0 W EFHEOERYET HMEN SEHEIhS TR, KE




512 MERF-BRERT

BEITRoTh, LFLLRERRESRD DAL WERAS Ok, HEEERL =i
BOBEL, HEESBOET, BUNTSCTERETII ok, BREBEDES,
40 HOBATHBMMEL 2EEE L, BREORE > KB 3ETHOL. DD 100
EREOHROMETIC L 5 KEBMTIE, M=<6.5 OHMBEOKELENT 5o LIxT
2l AR L TV 5,

REHEIRD DN BBOKEBESM LR LIcRIE, 31.4% 2ins s, HEOHEXE
TREL, REEHEZRDD ZENTRARLOEE L, 21.6% LD 104 BTdh
5. AA—fHO m %7t Gutenberg-Richter @ b % Rb7cRIC L, k ARDdIHT
DEIEE, ik 15.7% TH5.

WBHGEC L T, RBRERECHCHITSCER Lk d &, 15.7% ol
Frhdd, =xF—, ERIME, BEEHRCOWTHULHRTUL, WThl 104 L
TOUETHS.

AE LIRS NSRBI 0%c, RA LML 10% iz 5.

“Zoft” oE XVI) ik, KEOIZ D 7R phase IKBIT 5k EnEGEh 3,

III. #BHANOKEEMA

-1, (3 Lot =

II TR X 51, 30 FEEBAMETEREZ 2k 50 HoED 5 b, 18 (HoED
REDONWT, MLLORINBN TS, EHIT 1964 £ BFEHERT LAY HE
HIEE (1965)° DWENHBDT, HEF 19 HOMBOLAEBBINOLESRE, fIrbiok:
MTDOWTE e, Zhicik I i~ 51 foRcing, F4EE - 3% (1969)7
DOYRREET, 2 FHRSEIN T 5, K (EERENKE, WEL G MEZLERERSG
&, B 23 EEHMERAD2EH, The Fukui Earthquake of June 28, 1948 &)
LB LT,

T ORER, 4, KREASMAOLD, RILT, 3OOMBEXIRRL, +oOREER
DFzDITIE, LI TRENEH Ui,

III-2. S#EHAORER

FHWEC O, RERAUOERY YLD TRLEDON, F5RTHD. SRy S5 CH
DML, EEBNOHERE TS, Fih, BLRHERELZHEIFRCELDL. KEBINO
KELBINL, RBOEBROEE, OWTIIAEROIETH S, 100 FREDCEREOH
BEtE A BTX, KAED, e RELThE (M=6.5), KEBNVRETES
BEOWMEO BIITE VL5 THA. MEME GE: 1935)%, FAPRKFME &
78 - FKIR: 1936)%, BHEME GKE « F: 193710 L2, FofiThsb. BFEEE
(fAA: 1959 DX 57c M(=6.2) D/PNSRGEETEL, BAGO MBG5> 2 sic
6) FACAFEHWEMREMNIE BRI E RIS (1965), 85-101.

7) loc. cit., 3).

8) loc. cit., 5).

9) loe. cit., 2).

10) T. HAGIWARA and S. OMOTE, Bull. Earthq. Res. Inst., 15 (1937), 550-568.
11) T. MATSUMOTO, Bull. Earthq. Res. Inst., 37 (1959), 531-544.
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X M=80
X 792M 27.0 '
@ 69zMz65
A 642M26.0

}odan3li9s9
D owxi0lnt 1A
1 mel90910.013!

Tokachioki
Mar 4, 1952
16 X 10°kn! (JMA)

| Ogaoki

i Moy 7, 1964
i 2xichnt
Lm2as

Miyagihokubu
Apr 30, 1962
total energy of oftershocks:
10X10"0g

Shioyasaki
Nov 5.1938
8.2 10" k" (JMA)

Trana '
June 28,1948 ¢
o8xigkmt

jifn?:iihn """"v‘
% Dec 26,1949 1
0.07 %10kt

T1204 3
. .8£015 !
i Aug 19,1961
| 1ot

Resedvometo @ (Mkewd % 3ot Dec27.1936} X

Y fen 211936 o | 3 oftershocke] B3s3okl

Lowels fott

[Rpee o sept 26, 1933
LB g (] 19 % 10"kt (JMAY

f2u
Aug 13,1956
£0.76

TNar
i Dec2l,1946
Pisrxiotunt

Fig. 5. The results of aftershock observations from 1935 to 1964.
The temporary observation was shown to enclose the data
with a dotted line.

IV, SERIRE S TVS, b 3Ed TR G LBCB R T BE2, LO%HM
ChHBRAAEERELIEELRH S,

FA—EO m ik, EEROAAXIMEE? bROLER (0Eh, RERKET
kdbte m) &, BEROMEHTROIHER (Tiobb, PMERKELEDIC m) &2
—Fk3 B L 5 e, EHHEOAERBIIT Xhi: (Asada and Suzuki: 1949)'%,

12) T. AsADA and Z. SUZUKI, Geophys. Notes, Geophys. Inst. Tokyo Univ., 2, No. 16
(1949), 1-14. ' ‘ '
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1936 £E D PIARMBECFRIE A F)D CTHE AMEERT 2 v 7o o &k, At Ly,
COEINMERS D ki, BARARD I ENTE Dk, B, BHFtECRT 5,
2 (1944; 1951) 1819 DRI EET, 1949 FEOLSHMWET, Bi - FH 1951 = X
D, FDTHNREAZY LR ECEFTH I ERKII L

—7, EBH %A (1949; 1951)1©10 = o TR I -ERAMETE, B 4
MBI Lo TERCE IR, BAEOBERECRN LicHRE, o1 Bogs o
BORBIOTWAZ EXRR L., ZaEHEZ, RERNCTRICER LD, FiEEo
2ANTHA.

WA (1959)1® %, BFEIET, ¥AfEo HES MEF2Hv, K&ERh=8%y T
BEARE L. CHTEMIHET 22T, AEOREXIELLEITH 5.

1961 FEodvEEtE i, HES MESTO & » F offt GEfl: 1961), =it 5 (1961)%
kb, 10c/s OFEHT 10 S EoSREHFL, EBERKEAT ~ 7 X 585K
PHV, ZEBHAEK IR, BERRENBEM Tl I N

DX LB E, BERANLRTOS, &< OMEBMZEMRE, KERNORELZE
TERZERILS,

K[EFBIEC X 5 EERIE X ) Ehh i bsbe, EFENOER 2o fER
L THREMEBEORE (1959)2) Omnd b, 1 KBHET, TEEIBIOZ EE2HAL
T35, BERFPISHBEOHKEM (1962)* DHDL, 1HNLRED M, =51 F—
FRDHTND, L LEIEOEEET T, SOFLBRARDLZEXET 5,

BN EBREROBEIN CE S, ERHRNOERZAGIRIFLVBEEICA
ICCPARY B

II1-3. ##RO¥ET
SETHIEOR I N DM, RELHRATC L 5, WX E AR 7RO 43
EBEINL, Fhish 0BRSS, M7 OEOLERSL, Tt LABEMKBAK Lo
THRPBINTEREWDTHEE Tlkiow,

LirL, KRBFHREO bk KFEOBMELTRTINERFEARD p, m b, KEORIIVE
&, WhP D REBEOFMFHPIRE, FE (1961 %D, ZOPREC LD, JET
OEREEST, TaletErniTinbh T3,

13) S. OMOTE, Bull. Earthq. Res. Inst., 22 (1944), 33-41.

14) S. OMOTE, Bull. Farthq. Res. Inst., 33 (1955), 641-661.

15) S. MIYAMURA and T. AXIMA, Bull. Earthq. Res. Inst., 28 (1951), 421-433.

16) loc. cit., 12).

17) T. AsADA and Z. SuzUKI, Bull. Earthq. Res. Inst., 28 (1951), 415-420.

18) loc. cit., 11).

19) S. OMOTE, I. KARAKAMA, N. NAKAJIMA and 1. KAvaNo, Bull. Earthq. Res. Inst., 39
(1961), 881-894.

20) S. MivAmurA, M. Hori, K. AKI, H. MATumMoTro and S. ANDo, Bull. Earthq. Res.
Inst., 39 (1961), 895-908.

21) S. SUYEHIRO, Papers in Meteor. and Geophys., 9 (1959), 193-203.

22) T.HAGIWARA, T.IwATA, Y. MAEDA and I. KAYANO, Bull. Earthq. Res. Inst., 40 (1962),

625-637.
23) T. Utsu, Geophys. Magazine, 30 (1961), 521-605.
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Table 4. Aftershock area
(unit: x103 km?)

Temporary observation JMA*
Earthquake Year
ellipse circle ellipse
Oga 1939 0.42 0.54 0.52
Tottori 1943 0.63 0.80 0.78
Nankai 1946 16 20 27
Fukui 1948 0.79 1.00 0.95
Imaichi 1949 0.07 0.08 0.12
Kitamino 1961 0.47 0.60 0.79%*
Niigata 1964 3.93 5.00 5.61%%

* calculated by Utsu and Seki
** calculated by writers

BEMHANOERED 1 FE LT, [REFBINFEC I YRS Shi (98 - B 1955)% 4
EWEHE S ERBINORES s b, FEENHELLAREEK L 2H 4RIR L, RS
Mo, KEBRAHBALEELISA LRIV ERELILBACSE, ThEZhitE
L5, KEFodtE (1962)%, HiE (1965)% MEOHEIL, ThLhoRks
b, RERAEAE LT, SEEAHELL. HhEOEAL, WHCKELRE1DH
Bh, ZhE, ABELABORES BRI STV 0T, BB, »
A= TEEDR IR LD, ¥, M=8 OXMEC B &, BHEOD I\ ERHRT
W, EROCES 2 LT bhiky

B, B, WHOSHECHAL, HHERELC—KL T4, SHBEMRE,
SEFOBEN, PPAELoTw5, COREE LG, EREITEDR (v
W1aH) oT, 1968 EFBhET, BE (1969)% AL T\ 5 L5 e RER
OBE)  IEROBENE DT W2 E, ¥, KRETOEBRIEBENER DT, A7
VERHD, KEBNOANDEVD 2 SAELLRLNSHHECSE GE - &5,
1951)28 D X 5z, AEEFAD 2EME, ThXIV#2 H» AT, BOoBNEER fHE
MLTHBDT, FE 2B AD S b, HBEOFREEIKE L,

WFRIZ LT, KREREWEALL, FRfEoKETBifEcir M=4 $5\13,
FRUTORBOEBBRELAEIRTHEDT, §FTERLISRBEHTO, EROKE
BANE, MEIMEL 2T B,

1114, 45#OME

PED#ER, 4% TTkbh TERKENET, RFT05I Lk, RO SFTEED
INbEELD,

i) SEOLEMESTORE ORG.

i) AEE#ZE (2BLAL BV OREGE.

24) T. UTsu and A. SEKI, Zisin [ii], 7 (1955), 233-240.

25) SSETHEFERRENR 27 (1962), 43-67.

26) SEFFEIFHRSE No. 43 (1965).

27) S. NaGUMoO, 1969 4& 11 AhEAfkak s Cak,

28) T. HAGIWARA and K. KASAHARA, Bull. Earthg. Res. Inst., 28 (1949), 393-400.
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i) BETNERBOKRESOTROLE,.

i) 13, REOERYEEX ks, FERoMINE L EHEIEL VA E
BT RED, FARKMTELSOEFAR2EL, WA ERIERZ TR IV,
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- 28. On the Observational Studies of Aftershocks in Japan

By Katsutada KAMINUMA and Yoshiko GoTo,
Earthquake Research Institute.

To define the future problems of aftershock studies on major earthquakes, we investigate
how to carry out the field studies on aftershocks and what results have been obtained
from the studies on aftershocks, according to the bibliography compiled by Usami and
Tsuno (1969).

We discuss the necessity of examination into the title of this paper in Section I. The
numerous papers on major earthquakes and on aftershocks are analyzed from many stand-
points in Section II. There were 50 major shocks which occurred during the 30 years
from 1935 to 1964 in and near Japan, and 382 papers were published on them.

Among these 51 papers had been studied on aftershocks of 18 major earthquakes over
30 years. Table 2 shows the classification of these 51 papers according to their topics.
70% of them were devoted to the study of characteristics of aftershocks and 16% of them
to general problems of seismology using the data of aftershock observations, such as the
studies on travel times, phases of seismic waves etc. The remaining 14% were on certain
topics of engineering seismology.

In Section III we describe results of papers on aftershocks, about 18 major shocks
being those listed in Table 3 and the Oga-oki earthquake in 1964. As an exceptional case,
we include the paper on the Oga-oki earthquake by the Research Group on aftershocks at
Tohoku University which was published in 1965. This is shown in Table 3 and Fig. 5.

Temporary observations for aftershocks had their own significance when the J.M.A.
network of seismological observation was incomplete. The studies of temporary observations
made it possible to understand most of the aftershock phenomena of major earthquakes,
M=>7. But many statistical researches of aftershocks have been fully studied by many
people using the data of the J. M. A. network.

To compare the results of a temporary and a stationary observation, the aftershock
areas of some earthquakes determined by the J.M. A. network (Utsu and Seki; 1955) and
temporary observations are given in Table 4. Each region obtained from both observations
gives the same result. Recently most of the hypocenters of aftershocks, M >4, have been
determined by the J. M. A. network, the temporary observation of aftershock is becoming
less meaningful, if we stick to the traditional purpose.

As a result of the above discussion, we propose three future problems for aftershock
observation, which have not yet been studied.

1, The necessity of the study for the method of hypocenter determination with very
high accuracy using the networks of stationary and temporary observations on one hand,
and for the method of hypocenter determination within a certain accuracy on another
according to the purpose of studies.

2. To observe the activity of aftershocks within 24 ~48 hours after the main shock.

3. To determine or to discover the lower limit of magnitude for aftershock which
give some information for the relation between the main shock and aftershocks.

These problems must be of course considered not only as studies on aftershock obser-
vation but also on the laboratory study of elastic shocks in rocks.

In Section IV, we propose the necessity of a catalogue for destructive earthquakes.
The catalogue includes all seismological information for each destructive earthquake. A
sample is shown in Fig. 6.




