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Seismicity in and around Hokkaido and Foresight for It

Yoshinobu MoTOYA
Research Center for Earthquake Prediction, Faculty of Science, Hokkaido University
( Received December 20, 1997 )

After a series of large earthquakes along the Japan-Kuril Trench from 1952 to 1973, quite low
seismicity continued for ten years from late 1983 to early 1993 in and around Hokkaido. A case
that no earthquake larger than magnitude M7 occurred for a decade is the one time in recent 70
years. A large deep earthquake of M7.7 occurred in the central Sakhalin on May 12, 1990 and
this event has affected the mode of seismicity in the Pacific side of Hokkaido, possibly causing
two large earthquakes, one of M7.8 off Kushiro on January 15, 1993 and another of M8.1 off
Shikotan Island on October 4, 1994.

We have found four cases that minor seismic activity preceded major one along the southern
Kuril Trench. Main activity is to the southwest of premonitory one, 100 to 200 km apart. Time
interval between two activities range from one week to two months. Moreover, there is a
noticeable correlation between seismic activities off the southern Kuril Islands and off Sanriku,
the northeastern Honshu, Japan. We describe seven counterpart activities that might forebode
the others in time range from four days to two months.
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Fig. la. Epicenter distribution of earthquakes of M=6.0 in and
around Hokkaido from 1926 through September,1997.
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Fig. 1b. Cumulative number(thin) and energy(thick) for earthquakes
in Figure la plotted against time.
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Fig.1lc. Cumulative number for earthquakes of M=7.0 in the same
region as Figure la.

Z#% Tablelicid. 1973 FRBEEMHBOMIZ 7.4 TH Y, UTIKBRB LS CEELMET
HHDTTablel 12 CH B, & 5iz, 1990 FFEI2H Y > hECRE L L EEHBRRIOHHEN T
H2h, LHEE & 2 ORBEOMBIEE 2 %2 5 L TEELDT, ZOMEBELIMZTH 5. Fig.1b» b,
1950 £ 5 1969 4E F THOZANX —BIBEIZE L { B -2 Z &b o 5, 0MEE & BAbkF LH
PRETCVDBFF—YI TV = OTRRFEET V- B IAGI CICBRT 2 EAENEBORE
BiEZ2HO7 L — M ERBEOAMES Z OB P SEREEL TWd, I b DKMMER RS E
T hhwE i EERENICIEA TRAE L2 (Fig 2), FiE (1972) 11 1972 £k CREEENIZT



224

P
Table 1. List of earthquakes of M=7.5 in and around Hokkaido.

Date Time Lat. Long. H M
1931 Mar. 09 1249 41.200 142.500 00 76
1937 Feb. 21 1602 44.150 149.566 90.0 7.6
1940 Aug. 02 0008 44.250 139.466 100 75
1950 Feb. 28 1922 46.216 143.383 320.0 7.8+
1952 Mar. 04 1022 41.800 144.133 0.0 8.2

1958 Nov. 07 0758 44.300 148.500 80.0 81
1963 Oct. 13 1417 43.750 149.966 200 81
1968 May 16 0849 40.733 143.583 00 79
1968 May 16 1939 41.416 142.850 400 75
1969 Aug. 12 0627 42.700 147.816 300 78
1973 June 17 1255 42.966 145.950 40.0  7.4#%
1978 Dec. 06 2302 44.733 146.966 1000 7.7
1983 May 26 1159 40.356 139.076 140 77
1990 May 12 1350 48.748 142.892 590.0 7.7+
1993 Jan. 15 2006 42.850 144.383 107.0 7.8
1993 July 12 2217 42.762 139.317 374 78
1994 Oct. 04 2222 43.367 147.667 300 81
1994 Dec. 28 2119 40.452 143.722 0.0 75

Lat.= north latitude(deg), Long.= east longitude(deg), H = focal depth
(km), M = magnitude by Japan Meteorological Agency (JMA)

* The mode of seismicity in the Pacific side of Hokkaido changed nearly two
years after these deep earthquakes in Sakhalin.

# Though JMA magnitude does not reach 7.5, this event is important in
consideration of a series of large earthquakes along the Pacific plate
boundary.
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Fig.2. Source region of large earthquakes along the northernmost
part of Japan Trench and the southern part of Kuril Trench
(dotted line). This figure had been drawn in 1972 by Utsu and
an expectant large earthquake occurred in 1973 in the seismic
gap between 1952 and 1969 events.
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Fig. 3a. Epicenter distribution for earthquakes of M=4.5 and h=
120 km along the southern Kuril Islands from 1980 through July,
1997.
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Fig. 38b. Space-time distribution for earthquakes in Figure 3a.
Distance is measured from SW toward NE shown in Figure 3a.
Inside of the area bounded with dotted line corresponds to a
seismic gap in the central part of Figure 7. A large deep
earthquake in central Sakhalin(arrow) has affected the mode of

seismicity in the Pacific side of Hokkaido and the southern
Kuril Islands since end of 1991.
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Fig. 4. Cumulative number for earthquakes of M=4.5 and h=40 km
in the same region in Figure 3a. Note the constant rate of
occurrence of earthquakes between late 1980 and 1991.
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Fig.5. Epicenter distribution for earthquakes of M=24.5 and h=40
km along the Pacific side of Hokkaido and the southern Kuril
Islands from 1992 through September, 1997.
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Pacific in Figure 5.
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Fig. 7. Epicenter distribution for earthquakes of M=4.5 and h<100
km along the southern Kuril Islands from 1993 through Septem-
ber, 1997.
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Fig. 8. Space-time distribution for earthquakes of M=4.5 and h=40
km in the same region in Figure 7. This figure is similar to
Figure 3b except for focal depth and end of time. Note the

quiescence beyond 400 km after late 1992 in comparison to
Figure 3b.
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the same region as Figure 9a.
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Fig. 10. Epicenter distribution for earthquakes of M=4.0 and h=
100 km off the southern Kuril Islands in 1994. A seismic activ-
ity in August preceded 1994 Hokkaido-Toho-Oki Earthquake
of M8.1 occurring in October.

Table 2. Description of premonitory seismic activities

Major events in pre-activity Situation of pre-activity Main activity

Date Time M TY T D N Date Time M

1969 Aug. 02 0844 5.1 F 10day 200 22(KMU) Aug. 12 0612 78
02 0935 53 A

1973 Apr. 05 0651 53 F 2mon 100 36(KMU) June 17 1255 7.4
05 0857 5.0 F
06 0717 54 M
06 1048 54 M

1980 Feb. 15 2141 5.1 F lweek 200 32(RCEP) Feb. 23 1452 6.8
15 2325 57 M
16 0001 5.5 A

1994 Aug. 18 1342 6.3 S 52day 200 27(M=4.5) Oct. 04 2222 81
29 0337 63 M

TY F = foreshock, A = aftershock, M = main shock, S = swarm

T  time interval between pre-activity and main activity

D approximate distance(km) between pre-activity and main activity

N number of events in pre-activity. KMU = counted at Urakawa Seismological
Observatory, RCEP = located by Research Center for Earthquake Prediction
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Fig.11. Epicenter distribution for earthquakes of h=100 km in and
around Hokkaido from October, 1994 through January, 1995.
Sanriku-Haruka-Oki Earthquake occurred nearly two months

after Hokkaido-Toho-Oki Earthquake.

Table 3. Correlative seismic activities between off the southern Kuril Islands and off

Sanriku, the northeastern Honshu, Japan

Main activity T (day) Related activity
1968 May 16 M7.9 off Tokachi 4 Swarm M5.8 off Etorofu Is.
1969 Aug. 12 M7.8 E off Hokkaido —10 M-A M5.6 off Uruppu Is.
8 Swarm M54 off Sanriku
1978 Mar. 22 M7.3 off Etorofu Is. —30 M-A M6.7 coast of Sanriku
1989 Oct. 27 M7.1 off Sanriku 79 F-M-A M5.7 off Uruppu Is.
1991 Dec. 08 M6.7 Uruppu Is. —12 M-A M6.4 off Urakawa
—4 Swarm M4.4 off Sanriku
1992 July 18 M6.9 off Sanriku —8 M-A M6.4 off Etorofu Is.
—6 (F)-M-A Ms6.3 E off Aomori
1994 Oct. 04 MB8.1 off Shikotan Is. 86 M-A M7.5 far off Sanriku

T time interval between main activity and related activity. - means related activity precedes main

activity.
type of activity . F=foreshock, M=main shock, A=aftershock
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Fig. 1112 1994 10 B1 B4 5 19954E 1 A 31 HOMIcb#E & 20D THAEL 723 & 100 km
T NFRAHENEBRGAGTH 5. ZOHEIZIT 1994 FFIMEERFIPHE & 1994 £ =Bl 2 S ibihE
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A3. Epicenter distribution for earthquakes of h=100 km from Feb-
ruary 20 through March 31, 1978.
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Ada. Epicenter distribution for earthquakes of M=3.0 and h=100
km from October 1, 1989 through January 31, 1990.
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Adb. Space-time distribution for earthquakes in A4a. Distance is
measured from SW toward NE shown in Ada.



