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The 2003 Tokachi-oki Earthquake, off Southeastern
Hokkaido, Japan

——Seismic Activities from the Former 1952 Tokachi-oki Earthquake,
Foreshock, Mainshock, Aftershocks, and Triggered Earthquakes——

Hiroaki TAKAHASHI and Minoru KASAHARA

Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido University,
N10WS8, Kita-ku, Sapporo, Hokkaido 060-0810, Japan

(Received May 12, 2004; Accepted September 13, 2004)

The Tokachi-oki earthquake (Mjua 8.0) occurred on September 26, 2003 (JST) off southeastern
Hokkaido, Japan. We investigate the seismic activity before and after the mainshock using hypocen-
ter catalogues produced by Japan Meteorological Agency and Hokkaido University. A decline of
seismic activity and a seismic gap in the asperity of the 2003 earthquake had been clearly recognized
from the early 1990’s to just the mainshock faulting. Similar low seismicity had been observed before
the former 1952 Tokachi-oki earthquake (Mjua 8.2). These facts may reflect that the plate boundary
fixed loosely has become tight coupling during one seismic cycle. A relatively low seismicity patch
during the interseismic phase corresponds to the asperity. This suggests that interseismic seismic
activity is strongly controlled by existence of the asperity. The aftershock region of the 2003
earthquake is approximately 160 km by 160 km, which is slightly smaller than that of the 1952
earthquake. This feature is in good agreement with the slip distributions of the 1952 and 2003
earthquakes estimated from tsumani waveform inversions. Large aftershocks are located out of the
asperity, which may reflect the stress status in and around the asperity. Remarkable triggered seismic
activity has begun just after the mainshock along the volcanic front in the eastern Hokkaido.

Key words: The 2003 Tokachi-oki earthquake, recurrent earthquake, asperity, aftershock activity,
triggered earthquakes
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Fig. 1. Map showing the epicenters of the
1952 and the 2003 Tokachi-oki earth-
quakes. Focal mechanisms are from Kasa-
hara (1975) for the 1952 earthquake and
Yamanaka and Kikuchi (2003) for the 2003
earthquake. Arrows indicate the relative
plate motion between the Pacific and the
North American plates [DeMets et al
(1994)]. Black square is the epicenter of the
foreshock of the 1952 earthquake.
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Fig. 2. Seismictiy map in the southern Kuril trench. Major interplate earthquakes (thin circles) and
their focal regions divided by dashed lines [The Headquarters for Earthquake Research Promotion

(2003)] are shown.
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Fig. 3. (a) Seismicity map during one seismic cycle, that is the period from the occurrence of the 1952
earthquake to the end of 2003. A rectangle is the focal region of the 2003 Tokachi-oki earthquake
estimated in this study. (b) Magnitude-time distribution in the focal region shown in (a).

(Fig. 9b), H I &HMIEEMEEE L OCRERERR (Fig. 9¢) 1A - THEEEMICEEWL TV B (Fig. 9b). HIERAEREK
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Fig. 4. Magnitude-frequency relation during
the period from 1926 to 1945 in the focal
region shown in Fig. 3a.
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Fig. 5. Cumulative number of earthquakes with magnitude = 5.0 in the focal region shown in Fig. 3a.
(a) From the occurrence of the 1952 earthquake to the end of 2003. (b) From 1926 to the end of

1952.
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Fig. 6. Space-time distribution of earthquakes
along the A-B line in the focal region
shown in Fig. 3a, from the occurrence of
the 1952 earthquake to the end of 2003.
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Fig. 7. Space-time distribution of earthquakes
along the A-B line in the focal region
shown in Fig. 3a during the period from
the 2 month before the 2003 mainshock to
the day of mainshock.
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Fig. 8. Aftershock distribution of the 2003 Tokachi-oki earthquake determined by Hokkaido
University from 26 September 2003 to the end of 2003. (a) All earthquakes. A rectangle is the focal
region estimated in this study as seen in Fig. 3a. (b) Earthquakes with magnitude =5.0. An
asperity estimated by Yamanaka and Kikuchi (2003) is also depicted by blue broken lines (1 m
interval). A star indicates the epicenter of the mainshock.
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Fig. 9. (a) Space-time distribution of the 2003

aftershocks with magnitude =3.0 along the
A-B line in the focal region shown in Fig. 8
(a), (b) magnitude-time distribution, (c)
daily and cumulative number of earth-
quakes.
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Fig. 10. Snapshots of the aftershock activity. They are the epicenter distributions within 1 day after
the mainshock, and the succeeding 3 days, 6 days, 12 days, 24 days, and 54 days, respectively. Red
circles show the epicenters during the each time window. Blue circles indicate the epicenters from
the mainshock occurrence to just before the each time window.
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Fig. 11. (a) Distribution of triggered seismic activity along the wolcanic front in eastern Hokkaido. A

mechanism solution of the largest earthquake by Japan Meteorological Agency is also shown.

Triangles are active volcanoes. (b) Space—time distribution of earthquakes along the A-B line in the
area enclosed by a broken line in (a). A dotted line represents the time of the 2003 Tokachi-oki

earthquake, which has influenced seismicity.
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Nm [Aida (1978)], HIFRZEE) T 2.0-2.6 X 10%! Nm [5FH

and

(1975)] & 2003 4L D & 2 fEREERELL-TV 3,
INEDF—45 b, 1952 FErHIEORFREL 2003
FA BRI T X O AN AS - TV REEE %
MRET 5.

LT AT, 2003 F+HHHIEOERIZ 1952 FE0 %
NnEFEFFEUBHRTH - 72 (Fig. 1). Thid, TOHFFTIC
HIEBRA LR FIE G 5 & 5 151 & b ORENEES 5 AlHE
HAERLTVEHDEEL LGNS,

4.4 2003 FE1BHtEROBRRE & BHERE & OBF

SEOMEL, §3.83 DL S Fig. 2 TRaNnk+
B O EBREH ORI 3450 2 21 3 & 5 BET
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Fig. 12. Interseismic (grey) and aftershock (red) phase [Takahashi and Kasahara (2004)].
epicenter distribution by Hokkaido Uni- Aftershocks of the 2003 earthquake are
versity microearthquake hypocenter catalo- shown by red circles. Blue circles are
gue from 1976 to the end of 2003. Low interseismic epicenters from the beginning
seismicity region by Takahashi and of the 1954 to just before the occurrence of
Kasahara (2004) is shown by a rectangle. the 2003 earthquake. A star indicates the
Mainshock asperity by Yamanaka and epicenter of the 2003 mainshock.

Kikuchi (2003) is also depicted by blue
broken lines.
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Fig. 14. Aftershocks with magnitude =5.5 of the 2003 (blue circles) and the 1952 (red circles)
earthquakes are shown. Slip distribution of the subfaults by tsumani waveform inversions are also
indicated for the 2003 earthquake by color index [Tanioka et al. (2004b)] and for the 1952
earthquakes by numerical values [Hirata et al.(2003)]. The 2003 asperity by Yamanaka and Kikuchi
(2003) is depicted by blue broken lines. Stars indicate the epicenters of the 1952 and 2003
mainshocks.
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MEh « fth (2004), Suwa et al. (2003), Mazzotti et al.
(2000) ® Ito et al. (2000) Ti3, GPS ®F— 4 h o+
B« BEWDH » 7Y v IRERDTOEH, B 1R
FEMHZ—RIC 100% OEIFERLE L - TH Y, SEOER
HEoEMRIG LABEES & BELERE > TV
5. fE-oT(A) DEREHIEVWEEZ SN 3.
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RENHFREE B BA & TV B [Takahashi et al.
(2004), Miyazaki et al. (2004), Nakao et al. (2004),
Ozawa et al. (2004)]. Miyazaki et al. (2004) DR%NH
BEHF— s EAAVWETRY) OBEREREEFVICE S
&, BTN BAERT A< 7 4 OFHMAI 50 km [HE
ETTHY, TOENMDII Fig 3 TEEHARD S & %
D—oDRRER - TWB, Fh, RITRYOBRIR
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T TH5 SHROFBEHFETFAT DI, SF-F
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45 EERBEMLITO 2001-2002 EOHIRER
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fEIcH 7 3), 2001 £ 10 A5 2002 F 11 Bich i
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DOHIER L, SicibTo & 5T 10 FalE K Hsrh o HIE
FEBESETFTLTWARTRELDICERES N
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LAFRBIRAEICERBE b >AEThETH - . &
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Th 5.
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