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The 1984 Earthquake Swarm in Okushiri Island, Hokkaido

Sadaomi SUZUKI*, Hiroki MIYAMACHI** Hiromu OKADA**
Tokumitsu MAEKAWA** Yoshinobu MOTOYA*, Ichiro NAKANISHI*
Naoki TAKAHASHI***

Faculty of Science, Hokkaido University
( Received January 10, 1985)

An earthquake swarm occurred in Okushiri island off the southwestern part of Hokkaido
during the period from March 18 to early May, 1984. The largest event was of M4.1 and
occurred on March 20. Seismic activity of the earthquake sequence is studied by using data
observed at routine stations in Hokkaido and the northern part of Honshu and at temporary
stations in the island. The sixty-five events larger than M2 observed by the routine station
KAM in Hokkaido and most of them were perceptible at the northwestern side of the island.
Microearthquakes which were observed by the temporary stations were located at depths
from 1 to 4km below the western flank of Mt. Kamui.

The best focal mechanism solution fit for the P-wave first motions of the largest event
observed by the routine stations shows the P-axis : azimuth=N143’E and inclination=51" and
the T-axis : azimuth=N17"W, inclination=51". This solution is nearly consistent with the P
-wave first motions of the microearthquakes observed by the temporary stations. This
solution, however, differs from that for the main shock of the 1983 earthquake of the sea of
Japan (M7.7) of which focal region extended 70-230km south of the island.

* D HETFHERME - ¥ — Research Center for Earthquake Prediction
* % HERKILBRRA Usu Volcano Observatory
* % & | HERWEYHSE Department of Geophysics



52 $k AE B EH-EBR OB %A% #E-FE - BE M
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1984 FRFEMAEMEIIAISAICHZ Y S ATOTIRIZRE L2, RRMEEFZ3IA20 8D
M((=7=F2—F)4.1THY, TOMUIIMI.6 LT ThH 72, Lizht> THE2 DHENEIEIZ
KEZLDTIR LD > LV BEIERERNTEYP > 2O TRBMICERL L VERICT%E %25 2
7z, HEIZ 1983425 A 26 Hoo HARMEAFERME (M 7.7) DI & ) BFEH TI35EE 3 ADIIHEK
B, BMMFICERTHEELET 220, ZOBERBEEHREFERNEIKTCE V2 ENER
AP XCWAN

BRI EEREMETMBRAME 2 7 — (L4g RCEP LEERR) TV A—F Ik 2ER
WMEBAWE, SEEN TV 5720, HEBBHZHAXLICEIATSTH), 3A2LAL»L56HA15H
FCHERLENOBM CERBER 21T »72, ZOBBZEHRL -0ZHBRMEBEICHT 5 kB2
BFWERIZT Tk {, 1983 £ HARBPRUERD BRBNE COMBRES+Ms LTEELE
2l bThS.

EZHHTDERBBERIC & - TR L NERBHBERSMAIZEENERICOWTINEELZEO 5
BREG o720, Ko T [HBEILEAR] ERDBELEFERE ZA L -7 (ALBERFEYE
T, 1984 a, b). Z7zHMBILD KILTEBNCEET 2REFE LT L - 2 (L ARAEHEMER

EIN—T, 1984), Z0k, BRTEAoMm 4 ' T ‘
BER T2 AL BET— 5 1822 &
DTE Tz, The Sea of Japan
FXTEZDBRRT—2 baHT, 4ED i o
BEMEOBRIC L - CHBLNR2T— 5 2 May19s7 A Hokkaidy®
LD TEDEREHRET 2. Feh3~6 E;l
‘ 1981 ./..\
II. BExoHERE 42— Okushiri —
& [sland
BB 250 2 LB L o g,

TLHRMES LITLIIRET 2HBE LT
MoENTwWB (K, 1981). |KiE T3 i
1978~82 F N KRR HE, 1977~82 FNF

BRI ANENHRIMEITEE TH 5. Honshu
RREBMETIZ195745A128~6 A sk , L .
138 s o
NNBICHRME H-72, ILRERARSE Fig.1 Location map of Okushiri island
(1984) Ic & 2 L BEIIRFEIF BT and epicentral zones of earthquakes -
. occurring near it. A cross indicates
(Fig. 1), ®AMIZ 5.1 TH -7z, ZNLRE the location of the 1984 Okushiri earth-
DHBENREHESZBEDL D L ) Bt 72 quake swarm. Squares denote the

routine stations of Hokkaido universi-

2%, bR EEARIC L 5 & 16 EDHENIE ty.
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Fig.2 Daily frequency of events during the 1957 earthquake
swarm north off Okushiri island.
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Fig.3 Hourly frequency of events occurring west off Okushiri
island in 1981.

BEN, Fig 20k ) 2 BAEKEZRL T35, JHuck b e [FE- KRE] &) &) [#
RHER] tEZLN5E, ZOMEHONAEIFRBET, Wb BRREIRmOTRIECE

BITH -7z,

FOREEM T & - 7245, 1981482 A 3 ~ 6 HiIc RRETEH 20~50 km {55 T, HAM4.4
PEUBRMERIRAEL, BRE TEABEINTH -7, RCEP nF L 2 — 2 BHl#E T, Fig.3
Nk 5z BEOMBEI BRI S NIzd, FAUCLSE ZOMBREBRMER |2\ 5 LY bIE
B-AE-REY] LE2on5. Fig l CRERSHHFRECENTVE EIICRILY, TN
R EESHSBIEY, LB TV CBRRENEEIKE N HTH Y, EBITIFL - LRV HH

TR 72D THA.
. HEEHRA e EBESS

1. BRHBE
BREHBFZOFANIC L B &, SENBREMEIARMES 3 A 18 Hictax Y,

5810 BT
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TLTwE, ZhbOBFRMEST ROHRTHRAND MDIZ 3 A 20 8 06K 425710822 5 72M4.1
(RBEFTI 4.2 OHET, BRIGECSHBEE TEROWMO Lok s, BENRETH -7
(e EREXNLARTIII~IIC L > TW5), ZOREBEEBRENTETHEREEIZ ] THL
MEXARE), SENMERD, BERE THE—DHFRMETH 72, RCEPOFL A58
BHIC L > T, ZOMBOBBREFRAEERBRTLTH L I EHZLICHTEL, 2T
2 ZOMENE = —iGE T8 (Fig Al) oRL 7.
ZOMOFREMEBIZRAEN, T L CMEEE 0L LLHBROMBTOLAFET
FHote ERNDFETIZ 3 A 20 BORAMELIANZ, MERIC L 2HBESVAEOL TV S0
RV, BEEAL CBNOMEBEERICMAE DI e THH, 3H 25~27 BIcEH L
Bl ) RAE THRER U 2RI T2 SR EF 5 & ) MBS & —#ICIRENE £ 4F\, s
{, #DOPESHORHNHFDLLNTH- 72,

Table 1. List of earthquakes located by the routine observation system
of HokKaido university.

Date Time(JST) Location Depth M Intensity* First-Motion**
1984 km KAM IMG
Mar. 18 03h53m21.9s . 42.23°N  13930°E s! 2.0 I d d
19 03 02 0.2 42.13 139.35 20 2.6 1 d e

19 08 34 187 42.15 139.37 s 2.6 I d e

19 09 50 37.7 42.21 139.34 s 2.4 1 d u

19 14 23 20.4 42.31 139.61 s 2.4 0 e e

20 00 21 0.6 4213 139.42 s 2.3 0 d e

20 06 42 8.9 42.10 139.37 15 4.1 I d d

25 13 11 37.0 42.12 139.16 13 3.6 I d e

26 07 08 245 42.12 139.26 s 2.5 I d e

26 21 56 49.5 42.11 139.42 15 3.4 I u d

29 07 17 51.1 42.16 139.23 s 2.7 I d e
Apr. 3 06 38 126 42.16 139.21 8 2.1 0 e e
20 02 46.6 42.10 139.09 13 31 1 u d

3 22 26 15.7 42.16 139.37 s 2.3 I e d

7 02 58 126 42.07 139.27 s 21 0 e e

11 15 52 40.7 42.32 139.11 s 2.6 I d e

12 00 39 49.6 42.12 139.21 s 2.6 I d d

12 05 54 17.7 42.10 139.36 18 3.3 I d d

14 13 37 389 42.20 139.47 s 2.7 I d e

14 17 04 360 42.18 139.47 5 2.7 1 d e

16 15 33 305 42.12 139.34 s 2.4 I e d

17 11 26 32.6 42.15 139.42 S 2.3 I d e

23 22 42 156 41.95 139.43 s 2.1 I d d

29 09 08 19.6 42.15 13947 s 2.5 I d u

t : s shows shallow depth.

* | Intensity felted at Kamuiwaki in Okushiri island.

* %  The first-motion data observed by the two routine station KAM and IMG.
u:upward motion, d : downward motion and e : unclear.
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INLNERMBENITL A LIX RCEP 7L A —ZEHIETH 3 IMG(44), KAM(E ./ EH)
NEEEMEL (Fig. 1) o3 n, MLz 2llkth sz &8 w» 72, Fig.4ic KAM T
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Fig.4 Daily numbers of events of the
earthquake swarm. Histogram with
stripe shows the events of M=2
observed by the routine station KAM.
Histogram during four days on March
22—25 shows the microearthquakes
observed by the temporary station
KMI—1. Histogram after April 14
shows the microearthquakes observed
by the temporary station JSJ.

b % TableliciRL 72, 2 bic & 5 &, #AM
FMA1A1EEM3 77 25 4% &l
M= 2 DHEH 65 B S T 5,

Table l DBz DT, M& FHEBHN
BELORFRERT & Figbnkdick s,
M=22.25 DHEIC DOV TEE (1977) NFE
ThiEzRDHB L, TTLEMEAL Ti
b=0.86Thh, BRERMEL L THRELET
7w,
LRIEIR b =2.07, I b=0.72 %",
MEDEIZ P VB> Twb, FAKEDR
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Fig.5 Cumulative frequency of magni-
tudes for the events with M=2. Closed
circles show all events during the
swarm. Triangles and open circles
denote the events before and after the
largest event (M4.1) occurring on
March 20, respectively.
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HTERBEBICKA LPORBEMS D122 EERL T ED2 LN T,

2. BB

—HEIZ 3 >M 1 2 BUNMEE S IEA TW B, SEIOMERNH TM< 2 D R IZ TR
RETHOABBWEETH -7, LREEHNTCRIRAMERANEH, 3H21HE»L6H 1583
TOYRIC RR BN THESRN % L2, BRESRSOE & 1R % Table 2 10R L 72, Z OBRIZ

Table 2. List of the temporary stations installed in Okushiri island.

Code Name Location Height Period of
42°N 139°E m Operation

KMI-1 Kamuiwaki, hot spring 100 8.7 24" 50.0” 3 Mar. 21 -26

KMI-2 Kamuiwaki, Ishizaki 10 438 24 540 5 Mar. 26 - Apr. 4

KMI-3 Kamuiwaki, school 09 50.2 25 109 55 Apr. 14 - June 15

MON Monai 06 23.0 25 464 15 Mar. 21 -26

BUS Bushigawa 09 83 31 196 10 Mar. 21 -26

JSJ Josuijyo, Okushiri. 10 11.8 30 4.6 55 Apr. 4 - June 15

MKM Mt. Kamui 09 15.4 27 79 565 Mar. 26 - May 12

UHM Yuhama 08 33.8 25 110 10 May 1-8

KIT Kamoishi tunnel 08 57.7 25 36 10 May 1-8

TRK Tsurikawa pass 09 583 27Q 50.8 34 May 1-8

TMU Tamaura 11 83 29 6.8 340 May 1-8

HRR Horonai river 10 48.8 27 144 340 May 1-8

HRN Horonai 11 39.7 25 486 15 Apr 15-May 10

ANM Anamamisaki 10 452 24 505 10 May 1-8

BT ESic 3508zt s s (13 A 21~26 BicATH » 2 BEOERIFER LR 20
nE#R (Fig. A2), (2)3 A 26 H~ 6 A 15 BORRH L 32— % - . RYFSBA, )5 A1~ 8
BICAT % » 72 KM e BRI AT 2185 20D BB TH 5. (Dorel], #Els (KMI-1) Toi
BEE L QOrY, BEHKS (JS]) ToEK% Fig 4icmL e, KMI-LigmiRm T 1 mkine
Lk, JST it 1.4mkine U EDMBEEEKZ 20T, ZRHEOMIZELRE L TENRENA0.3LLE
£ 0.8 EE7%5, JST TR 3 ATAA S 4 A CORBREBII KA TRETH 54%, ZNH%
BHEBMEI DL A0 EAML CHFEL, FRMESI % L7225 ARaEE R 0~ 8

BEL -1z,

3. BIBBOBRSH

EEHO 3 A 21~26 BloF4 L 2 v iEic v KMI-1, BUS, MON o 3 B8R0
DT —F A o T 2 HBEI % BIFEST % Fig 6 12/R L7z, BIRRE 3B A0 P B ELER
% (PR » KMI-loS — PR &\, Pile SEDEENL Ve/Vs=1.75 5 L ' PEDF
B Ve=3.5 km/sec DEETEL TI% 72, 20 Ve DI 5 5 AOREI &> T
o nrz{E Ve=4.48km/sec £ ) b4 N/AE L, BENOPHEREROLT LN TE T, Ll
WL OHDBENFTIE, SBMENS — PRI LHEEINLIEREZN Ve 2> TROR
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Fig. 6 Preliminary hypocenters of the microearthquakes observ-
ed by the three temporary stations during the early stage on
March 21—26.

BREIHENICAE-TWS, TNLNEBREBBRAKS LW TZOEREEIZITIESES
i7%evhy, 5 AOBEIR L FEERIC, EEIER D BESHELEMILETORI FknnsZ b
Ch ol Z LIdEES L L\, TR OMER L SN AL SEORMEBESREL T 5,
BEMEXREHNLA 1 ~8HIcREL-HEL LIBAHANT—F 2 - TRBEREL 2
(Fig. 7). ERICELNT— 213 1 DOHEICOWT 6 ~ SBE SN PRI L 1 ~ 3 BHEl AN
SEMThH D, B—uRERETHE I L, Ve/Vs=1.75 #KEL, S—PEMEAHLCE
BRERKDTL L PRENAEMH 72, BELZEBRBMETH PREEICET 2 R LWNT,
T Ve LBEOUBX RS L L CEBERELTh-7. POREBLNIBEORI LV,
ENBRE Fig. 8icmL 7z, 779 7 2 EREUTILUIROBRN & 512, B L3O THE
DR EEAS A LMD, LA LER2.5km kN ZuBEIETHIFT—F e LToh%EN
DT, TZTIRESITKFELLWE L, 4.48km/sec 2 FHEE L LTFEHI Z sic L7,
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solid lines for reference.
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Ve=4.48km/sec % > T H EBIRRE % 17
Lo IKERD FIg TORBEGHTH 5. BROPL
BRI OME F 223 ELEMLEIC S ), BiERD
WS 1.7~4.2kmIZffEL Twa. b
HWERD LN T, BNIRRL SBRAINTE -
TABEDOHMBEIHFE > T\ b, Fig TIZRE iz
BOERBRENDBEFEIIRAMO0.128, FHE
0.012MTHBENT, bl Ve 28T 2HKIE
#7500 m & FHEK 50 m H¥EIR DA AL E DR
ZNOHEEFEZ bNS. fE-> THERILTER O ER %
MBS HR00MEN T, 20U TRIKI 4 HEB) A
HoleniifEr» L EBbs,

4. REBE

3 A 20 BomkHEIc > RCEP, bk
FAHEK BRI, RIEKFEWETFHBRN > 57—,
SLATKF R KLBRAFT, RERRREENT —F
E-T, WO ERLIZL DN Fig 9nkEw
HTHs, 4RBEOETNEREL THRLN A

® ¢ Compression

o o Dilatation
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Fig.8 Relation between focal depths and
P —wave velocities obtained by using
a homogeneous velocity model.
The value of average velocity is
4. 48km/sec.

Fig.

9 The first-motion data for the
largest event (large circles) and for
microearthquakes occurring on
May 2—7 (small circles and cross-
es). The best fit of the double
couple mechanism for the largest
event is shown.
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H=ZXLED 1 OHRIRENTE Y, ZOHEED 1 D1k N6I'E-S61'W 7l % § D33 EE
2L - 2, b9 120@KFED»S 10 LRI TV BETH 5, HISRENTW S & )i Pz
Ffi N14SE, s 51°, Téhiz N17W, A 51 Th 5,

—HINE N LA HEBIC OV TREROBRUEDT— I 02w THIMT A =X 0%
PHDZ ERTELW, L LEEREN S 5 bEEEICE W KAM & IMG T8 & 72308
DAL LA AR 28 EOMEN ) b U T THREELR LTI TH S (Tablel), Lz > T4
B NBFEMEIR, KEMICIE, TIZRLE I L A= XL TRI LD EHEINDS, 0
EICHE, BRRFBRIC L - TFS nzfr g (Fig. 7 g, 1B LALR 5B £ Bk <) D554
Z2ERAETCRLIEZLDONFigd /ANSVEITH S, T o DHMEHEKIMEDRE L KFINT I
FFRIL TR EEZ &Y.

IV. 2%, MOBFERR L ORHR

1. FEkLE AR

3 ATMANCAT % o 72 BRI & » TEBZERS A (Fig. 6) »#guiEflLlETts 22 &,
M ILRE SR (I KEEEESH ), HEBEr ORI, LEICEBHEAD (EEH1
km, Fig. 6 D KEH) DL HIcFEL, 1983 FHAREHHMBENRFICIZZ A LT EHIRI LD
e EHGERNCHERL, 4 Qe 3 EROB CHBULME A OB I, & HIZREHETE 10
BHic [TRREBZEBEL) IC XU, SRIF (1724 ) HicHBIL»EA LIKEZES TEHED
HEIZRAZEE LN TS, MBILIEHRE, 2WEKR) OF L L URY THECIIEAOB %2
HEZ RV, L L, ZEE569 A — Ftiat ) EEEEERIC TAHICH1.3 %
Il THEANB EHEI N REI MR EICLEREN TV B JEERINTEY, Zn[HE
KO IZRNKAEFEELTETONOL BN, F¥RANEE R E T 5BH— (237 H) ICbHE
KDELEDH 2. LrL5 A1~ 8 BMERN & FRCIT S » REAFAZE TId, MEILTIIEX
2R #EERNE R o N W2 & (FUERF IR, 19842), /- 1741 FESKEEKOE
IKE D&Y & RIS O KAIEIC & 2T H 2 0 AIC L BBEIKIZR L N w»
Z D, MEBUNIEAUTIR v S 1S L (BHERE, fE)., (- TS HOBREMEIIE
AKDOHIHRHE T H W EEZ LN, EBZOHLKLFEHOKEZF -2 Rk,

2. MEBRRE X RR

£5 (1982) OMERIC & 2 &, MBS 2B O MBI RBREREICPITTE->TEY
(Fig. 7), \IZEM L cEBERLOENBTH 5, TN BESHE 2 BT 2, HEROE
FOPLIIEIE & D IAAF 0.7km TN T2, BENERIS 2EET S L BEBIZZOKE
DIFFETRMEL TS EER L), L2 LZoSHMRBREENBRELZERL THLHEE %
BMESHL L) LHRPERNI AT v, FLFig9nA A =X BN 20H5EED
L, BEIAVWEHAHMEBICLAMBEEEZ 2L, TOEMIBEBRE ERXT S, —FHf
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BRI E D REA~NDERTICHBBIRRY DY), BrHOBHIZZORBICHE-> TRIIL Tw»
% (M, 1982). RROEFBANTELICL 2 &, BRUBEOHMD, BROBESHIBEIEL
CEMMLABERBOLNLWEDI L TH D, LIzh > THRIDBEFMEH HBG KT E IR R
CEZERRBREZ LOLNTIR LI EHICBbNs, L LB 21T, RERRMWE (Ao, 1983)
EREEBEDNRRNTFLE, MABRME (RRT, 1968) LMURROFLES, BRRZBELTS
HDWEAL L BEREOFEIHERBELEI LB THEBEL T3 L1t b b,

3. 1983 FAKEPEHE & NRAFK

198345 A 26 HO HAEPEME (M7.7) 12 & - TREF TIRBEIC L VIEH 3 ADII»EK
BB - 118 - Bk - MBoREk - B CEXLHEL2ZIT 2. - THTLROERITE
BHEBEOBRFEREL ¢, SEOHREMBERADIAICIIZDEBFENFEL KD Tz, HEHE
PEMBEORER (B2 ITAST, 1984) i3 Fig. LIoSREN T3 & Hicdbig 4130, ERBKE
FEZRE L TH Y, SRDOBRBEORRIIZNA> S 70kmdbH I N T3, FER
DPHRCEBICER L TV BN TEFORESRAK L2 EI3E 2T v, £ BREFEMENARE
DA H =X ABITTEED Pl 2 55O G OME TH - 12 (RRIT, 1984), ZHEFEHEIC
P #h % FFOME AN H A HREEZST T ¢, BFREH CRET ZREMBICLBETELNTH
% (Bl 2 1288ARM, 1983). & ZAXSENEREMEIIFigInkiictnsi3R% %, #0HEHE
FLT2BOFEZLNE D, 1D AREBPFEHMENFEL, RERETOMBOEHE,IELL
REEZBIE, L5100 &L & BAREPRHME IR, BEBICIEFigdnki ke
WHBPENST 2, TNOBIERRZ D22 D THEMELIHBE > 2EFEZH, &
LoAELTH o REEHED L I BRI L VA, BAREBHIMMEC 2 TR & dbiE
BEE O B AEH OMEREITERICL 722 L ERL TE), S%OFEEBICIIEEILELBb
na.

#Hir SOIOBRTHEOBRRER & RAREI RSO ETIB I L N IThbn, &
HAER (Y | MBEHRARE, PHFAERE, WTHEZAR), MBI, fZEBEHEKRE 29
B, dbueERBIERT, JLMEEAEEE, JCHSED KBRS L OB (RIAXER), RN
(& EBXER), BN, BEIBR DS, SHE A2, F oReHARC2MENuEE
REFFR RS, B L0 R ER 2 & BHUR 2 1372, BRI ) B4 I3 [B] B2 SR 3R T Sn B
g & —5RR, BEskk, BILEX, ANFRROBEN 282, FIALKERE TR
> — LALRTRFEHEK BRI & R REBEOBEITC LR LT — 5 Rt 2, 1%
BRI 12 AL K SR S R B D BT OB & 21372,
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E kB - #NER - RBEE, 1982, BRBILHEUERBBROME, HMEREN.

AEHRER YT, 19842, BRASMBEUICTEE L BRHE (1984 £ 3 A~ 5 ), XIUIRATFMEESH, 31
p- 56.

JEMEER TR, 1984b, ABWERRBOBRME (1984 F3A~5A), HETMEERH, 32 D 6.

FERFRFABRMERE SV —7, 1984, 1984 FRFBRMEICOWT, 1984 FREMBEFLMATHE, »
85.

SRIT, 1968, RAURRIMERLERYE, [RTHRWHE, 62, p 137,

SBUT, 1984, FBFISRF (1983 4F) HAMPPIMERALERE, [FTHAMHE, 106, p. 18,

AEHRE, 1981, LEEEEROBFRMEEL, HE, 34, 105—121.

FEHEE - SARAE - BEER - BIER - BILEXK, 1982, EMBFEMEER (1) —HEESE BRSHT—,
g, 36, 337—350.

RERSRE, 1984, 1984 43 A~ 5 ALBERREMEN MRS, HMETAESLLH, 32, p. 9.

SHARHE - FERE - BEHC - BAN B A& 1T HPKX, 1983, TEIK - BB AIWSAFMBEN RS
WEIEE) - B A CRERM, R, 36, 407421,
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Fig. A1 The seismograms for the largest event observed by the routine stations.
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KMI1 (Kamuiwaki) March 26,1984

e e 1 Min S
Fig. A2 An example of seismograms for microearthquakes observed by the tempo-
rary station KMI—1 near their epicenters. S—P times for them are 0.5~0.8 sec.



