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Premonitory Seismicity Lowering Triggered by a Remote Large Earthquake

By Hiromu Oxapa
Department of Geophysics, Faculty of Science, Hokkaido University

(Received October, 15, 1977)

Clear seismicity lowering was found prior to the two major earthquakes which occurred in
the Tokachi-oki, the junction of the Kurile and the Tohoku arcs. The cumulative curve of long
term felt earthquake frequency cannot be explained simply by the combination of the constant
rate background seismicity and the series of aftershock type activity. Seismicity lowering by
about 30 9 is found at Urakawa prior to the Tokachi-oki earthquake of 1968 (M==7.9) not only
in the cumulative felt earthquake curve but also in the cumulative frequency curve of JMA
hypocenters (A<100km). Seismicity lowering by about 50 % is found at Kushiro prior to the
Tokachi-oki earthquake of 1952 (M=8.1). The duration time of these premonitory seismicity
lowering is 13.2 year and 4.7 year for the earthquakes of 1952 and 1968, respectively. These
values are too small compared with those predicted from the empirical relation between the
precursor time and the earthquake magnitude. The seismicity lowering started in both cases
suddenly at the time of the occurrence of large earthquake several hundreds kilometer away.
The great Urup-oki earthquake of 1963 (M =8.1) and the series of Shioya-oki earthquake of 1938
(M eq. 8.1) are the trigger events of the 1968 and the 1952 Tokachi-oki earthquakes, respec-
tively. The inferred trigger mechanism of the premonitory seismicity lowering is the stress
coupling between the oceanic lithosphere and the island are block.
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HTHRLNZBAERTE» 5 BRI Mo RED AR 2 B BB OMEES OHSE 2
BEtd 5.

HILHADKFERENELZAREE (2 NEM, I KUS, @#im URA, AF HAC, B
MIY, /%uE ONA, $bF CHO) iz 51 2 AR Em K B % Fig. 1LIoRy, At
BEHENOERHIARTHERC L 2HEY [£EAR - BEMEDHE (1873F~19744F)] &
I UHIRER AR ERATO [HLiBERE KU AR] 19K - 72, BRI AV IZ 100~200 km F2E
BN TE ) PATRET2EAMBOZERBOEIIESE £ A2 720I0I3IFBETH 5, P LH
ERHTEAMES DETHENIREN TS,

WEEE Y [BEOIC—C L EFMEDE] & [KHBNRE — REEH] DELEETH
LEMET B E, WEHNREMRIZ (LR ICORNES 2 5RELY] offa s [—ED
ROERE | DI DOREETA L BI3TTHS, Fig. L DRMEHMEHEL A5 L REDTRL 2 RER
IGE) & RIS AT &) e DR FHOEMROTEHE G (20~408/F) A 6505, N\F -
Bl - NBIENL S CHETERICh - TERRKEMZ RTSHELH Y, F2RED 1894 FNibE
HBDOE K B0 ENRIICHZD Lo L tRBEUMBRLRL T 2546 08HLN 5,

Ll arsREIMICh: > THLCAS E [RER+HEFHED] o TFHRHBRICELLVWESS
DAL DL RH LN, WIET 2 REEH L LICERDE AT 5354 (Type 1), B L VEMR
A OREIRERD LD LD WA L3 B - 2 TEENRD 2 R854 (Type 2) 52 nE%L
LDOTH5.

BT BEMBRIC A SN S 1949 F 9 AOTEBENFT NI AR BEEOBE(ER L B2 b i
N) IS ARETHL, BRAOKE - BYOFREE - ABRBENOEESEREFOBBAK EE
REENHEICHENH L2 ERIIS VD, 205 LECHOO _ERIAFRMERNRELOFE
BrkBBLDIZEBLTARTIUEIH L, $hTOZ06l %2k E Fig. LIcZAABN L LD EADL
N5E->&N LeBbizReHEntsr -7z,

Fig. 1 »YIB o &BIzZ 12 RN o0 8 4 7OIEREWEHELE - E DD LN 5.
HIBE I3 1900 FALIZ 12D TR BB 2R L Ty 2571910 U ERAL L 1924 £ 5 1938 4
DT 1910 XD 4 S EDFEEI 2R L T b, 2 HUIIERTHHE RSO T Type 1
Thd, ZOHBBEY OREx 1894 FIRZ B NREIEE) 2 k1T 720 b 1924 FHIC X000
FEibx "L T3, —HlBoAREK: 1938 4 (Fig. 1 D2 €1) » 5 1952 F-+itE DM
EWEEN(H9 50%E) L Ty b, ZOEENE T IZERBH Ctype 2 0l & & 2 5, 1952 4+
B ELI OB OERIRIIBUCE THERNDOH S EMNEEN R Twb,

FL DRMEIZ T OFEMEEHOIERBEET (Type 2) 132 Fig. 1 225 A Th % ) —iH
DEHIZEHLNDL, 1952 BHBEHHERORE (D 1) 8L U8l (D2), 1968 FHiEtE
BioW®E (D3), Bl (D4) BLUNAF, 1960 FZBEPHMERNOES (D 5), 1973 FHRE
HERTDIRE, 1931 F@AMHENOER O A, 1923 E£BRMEFNT &, 121ITLTHEH)C
DWTHEEHET»EBH LML L ) ThH b, 1894 EFRFIMHIGE » 1933 £ =i E L E W Hist
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Fig. 1 Cumulative frequency curves of the monthly felt earthquakes at
several stations on the Pacific coast.
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b Ly, La L 1894 £ LRIDER S TS Th WD T 1894 DB DT O FEMIZ A T
Ho, 19BESENMBEIBETHOERTIMEBHRESL L TOREE S 2004 LNk w, 72
KREHERLBH T o2& ) TH B,

I, 1952 & & U 1968 F+HHPHBREMOEEHRFHNET L5 2 &R

KMBERERNOEFRBEIORT OB L EE LF & LT 1952 £+itE &, BRPARL
S CBRICEEL WM AL SN T 2 1968 SEHBEIPHIEN ZHIIZ D W TEE L ( RETY 5.

Fig. 212 1968 £+ B R OWANIZ BT 5 BAHRME & #m &0 TRE L 2EK
(JMA &5, #m» 6 100km LN, M>4.0 ) nR#EMELRT, REMBIIERSFENLD
CHRTRBMICH 2 KB 2A5DI08 L TN 204 BiEARbEMKIZ 19634 10 A
RSN TEY, HHEX3.0E/ A L% 30% P L T2.0/HE Lo TWwa I Edbh
5, ARMBICIBASL L2 VBN REHBELKEENREHLZINS, 1971 F~1972
EDEANDHRMBENORE 2 T2 & 2 HH 80% T ESEEHE 150 km INTH - 72, &58En 72
T TRPDOREHIZEZMINCER L TREL T 2541, 20k kiR S 5 ik
RANE e B72A 5 (BRRMERT, 1977). Fig. 2 o RHEHES (A<100km) =4 1963 4E 10 A
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Fig. 2 Premonitory seimicity lowering prior to the great Tokachi-oki earth-
quake of 1968. The arrow indicates the time of the seismicity lowering
which corresponds to the time of the great Urup-oki earthquake of 1963.
Note that the cumulative curves of monthly felt earthquakes at Urakawa
(URA) (upper curve) and of the JMA hypocenters (A<100 km at URA) (lower
curve) indicate clear seismicity lowering by about 30 9.
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Fig. 3 Premonitory seismicity lowering prior to the great Tokachi-oki
earthquake of 1952. The thick arrow indicates the time of the seismicity
lowering at Kushiro (KUS) which corresponds to the time of the great

Shioya-oki earthquake of 1938.
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19634 10 A 13 H MIMA=8.1 D7 )L» 7BiFHMEI > T\ b, ZOMEBRETE TIIRA
B b T 250km DUIER * FFOKAMKIER TH 2 (Kanamori, 1970), BN T2 2HIRE
YD RIS BHE LB AL N VA, BT TA LN L EFMBEEHKT OB —%T
5. ZOonHRBIIBERELE LK LTWE00 L Lithkwys BEIOBETC—RTLI 8L
WICBRXE &9 % 192 EDRIBELBIZEZ B &7y 7HENRAELOEE BEFSHET
DB =&/ (triggering) kiz72 L 72 & W5 BRI TEETH B,

Fig. 31z 1952 £+t RO NR B Sz BT 3 AEARMENGOIL KX 2777, 1938
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Fig. 4 Distribution of monthly felt earthquake frequency for three stages,
before, during and after the seismicity lowering. The dashed curves indicate
the corresponding Poisson distributions.
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£ 11 AEZSBICYBOARMERIIMW 458/ A2 6 2.3/ AP LT3, $I#ki3 1952 4£
DEFIBUSER LIFEHEL T o, FICRLAHMICHETE2SHRAERTRELZEAMEE L T
1933 4 3 A =REipHuE (MjMA=8.3), 19384 11 AtEEHHE (MIMA=7.7) BL(F 19524 3
HHBrdiE s » 5, tREBHHEIIYIES 58 700 km BN T 2 2 H B OKEE CHlB D H R
HEBORD OIS~ T 5, IERMHEIT—» ARMIC MIMA 7L EDOHIES BAER L 28R %
LOTEbLE TMMA=8.1 IZHLT 5, BREMEBENE L L0 IMKASKER TH 2 (FIER 1976
ik - FIER, 1976), ol & FBHERMHED F 2T EFEFREETHS 2 &EHE L
e LR TE B,

. KBERERTND=> N Stage

BIEA Tib~7z & 912 1952 £ 8 & UF 1968 £+ RIC L DEFE MEBEESNEK TR, iz
BEkmBENZROKRMELZSIERICL Th->724 7 ThH B, REF B TXY 5N 2 =1
22N T AR BER O EHS A # Fig 4 12777, SRIIIET 5 Poisson 545 Th 5. &H#
N TR ERZBRN TH2E2 515, Table licx tdEmRT,

& (1974) 132 1968 FE+RM B OREIRIC FA L BN O BEBE OB M M5 R
ERANRLAER, [ ABREIN 4 FEHARRE®R» — LA ML 2B TH -2 L 2RT LI ICER

Table 1. Summary of three stages divided by the triger event and the major

earthquake.
Example—1 Example—2
Major Earthquake 1952 Tokachi—oki Earthquake| 1968 Tokachi-oki Earthquake
(ME) 8.1 7.9(7.5,7.2) eq. 8.0
Trigger Event 1938 Shioya-oki Earthquake 1963 Urup-oki Earthquake
T 7.7(7.6,7.5,7.1,7.0)eq. 8.1 8.1
Distance 650 km 750 km
Time Interval 4800 days 1700 days
between ME and TE (13.2y) (4.7y)

Felt Earthquake

Station
Stage— 1

TE
Stage— 2

ME
Stage— 3

Kushiro (KUS)

Urakawa (URA)

4.5/month

1927 Jan-1938 Oct
(excl. 4 m)

3.0/month

1952 May - 1963 Sep
(excl. 1 m)

2.3/month

1938 Nov-1952 Fed
(excl. 2 m)

2.0/month
1963 Oct-1968 Apr

3.7/month

1852 Mar-1972 Dec
(excl. 8 m)

3.9/month

1968 May - 1976 Dec
(excl. 10 m)
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CHEUL Z2RBEBEORBENADPRBEL Tnz] ZE2#ERHL T3, ZORKEIHETHEWR
B AL ERH & FEBIZ 1T TED & L2 D BRI Sz ik ~ 72 i B o e B E BT o RNz —
BT 5., ZoONGCERIIEFHBEESHOLNL (ET) 2 L ABEINEELHBEETHL L
RERLTW3,

RHBICRLORBES I —ML A P L 2B TREL T 2601 Jin et al. (1976) X7F (HSU,
1976) 1= & » € Haicheng (#3) MEBEZE TRH LN T2, WHEIITIROPHE & SKEOIRMN s
FBEANETEHEI L2 b 2FALA ML 2ZBn—HE 2R LERBRE TR XA LRE
FTRMBEICIRLT TS,

Pronma®Zz 425 & 1968 FHHMBEDEMBRIIKRND 2D AT =220 TEBRTE
5.

(DStage 1; 21k REBE 25 & T o BES VR HZ D EEINKE ., FHBLENEK
MEERIAT L bR S,

(2Stage 2;1963F 7))y 7EMHMBENS EEERICI VBN VY A7 T EBR7a Yy 7NH
#ikk =X (Coupling ) HZAL L HEEEENET § 5 508 2 b v 213 —H{b L RERBEIIH S .
i3 TORBTCRERRICETEN IR O T 4 v 7 LB (=KHE) ITE D,
FlEEHBENIENL ) L LK ATHEKMLEN L ZANDEN )V X7 2T EBRT7Ta v 7D

BERRRANEEZFEBITHHEL I ERTS L, EREBROAEBEN 20 L ) 2 HE

EhoTLRV L LAZL Y, Fig 1 TALN L & ) ICBES TR 2R SUCEREKT 217

LOWHLND Z LB 2 FEER/L V7 70y 7HBREZEZ 25V REEH T

» 5.

SlEEHED & 1952 £ 45 & (F 1968 SEHR T HE £ To» Stage 2 DHAMIZ FNFN 13.24 B
SUWALTETH D, HiLtE2 DWELATHEH T~ L NSEATHRR (precursor time) T (Hfz A)
E= 7 =Fa— FMOMICHEHC

log; e T=aM-—b

LS RIBERERAAE N T 5, FEII| (1969), Whitcomb et al. (1973), & L B4 (1976)

na, bNEEAVEEM=79~8 12 LTT=60~105F %5, HTE, S TP L

T % ki E P recurrence time CEYJAMEBREEM) 13 90~ 110 FREE L Z 2 5N Tw 5 (FiE,

1972). EB 1952 £ & UF 1968 FE-+HBTHIENEIR TIE £ N £ 1L 1843 F (M=8.4, 109 “Ei)

B L1856 F (M=7.8, 112 £0/) I KHEAZ 4 | > 4, recurrence time & precursor time

D—BIZEFIIMO/PNECEROBEIELNEICEC L BN s h [HERITHSR] & L TR

REFEEL % 2 Lz 5, Rikitake(1975) % Sholz et al. (1973) » a, b # Hv» 3 & 48\ precursor

time 252 2421056 L4 AR LNTEEEEEHYE N2 ~ 6 TH 5. B kM BENE 54

HEAH BRI M OIER TH 20 5 2 OEDOEITEMIC KT OTHEEAME S DIZLRTH

5,

B4 (1976) B EFERBESHORNES & 3L CHEDIED L KIMBERARNORE (1022 3-
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THe D) MEBEENICHEBEL T3, Z0O%HA 1974 £FEREITHIER 1969 £k R hEiiE D
Bl & iz, BRI HER (B 10E) I2OoOWTRE»E ) »DHELLE LT 5, Fid (1968)
EE BTN 7 ey 7 FICRE L 2MmMA S5 Ml EotER R % 1968 &+t
BEADOEE S THRET L T 5571952 FHBERTOSIEH 70 v 7 0iE8IcKE 2Bt L
ERNT B, F7: 1968 FEHBTHEBRINKEREFSH LA LT\, b L SBINHRNER
R DERBEMENCLENTHS ). HRENT L A— 5 —BEPFICLIRESENHK
EBIERZACTEREDS LURBESHOMES, 5 ORMMEBRIISEORETH S, M
Fig. 1 ©A4 2[R 1) BfE Stage 2 NMEEFHEBH L MM LRI ANI R L6500 L 5 TH B,

X 13
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