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On January 15, 1993, at 20 : 06 Japan standard time (JST), an earthquake with a magnltude of 7. 8
occurred -off the coast of Kushiro on Hokkaido, Japan’s- northernmost islarid. Shocks were felt in the
Hokkaido, Tohoku, Kanto, and Ko—Shin—Etsu districts. An intensity of 6 on the Japan Meteorologial
" Agency (JMA) scale of 0 to 7 was reported from the JMA’s Kushiro Station. As a result of this earth-f
quake, two people were killed and 967 people injured. ‘

This earthquake had the following focal parameters :

Ofigin time: 20 : 06 : 07.2 on January 15, 1993 (JST)

Epicenter: 42°55. 0" north, 144°21. 4" east ‘

Focal depth: 100. 6km

Magmtude 7.8

About six seconds preceding this earthquake, an earthquake havmg a magnitude of 5.9 was de-
tected, but no other foreshocks occurred other than this quake.

By the end of the following June, about 550 aftershocks had been detected, with the. largest after-
shock, which had a magnitude of 4.9, occurring on February 4. In addition to the aftershock activity in
the region near the main shock, the seismicity in the region of Akkeshi Bay peaked just after the 1993
Kushiro-Oki Earthquake, but the seismicity in the region between these two points remainedkrelatively
quiet Judging from the seismic activity from 1926 to 1993, this region forms a seismic gap and the area
is approxlmately equal to the area of the focal region of the 1993 Kushiro-Oki Earthquake.

The hypocenters of the main shock and aftershocks are located in the lower.part of the Pamflc
plate and the focal plane .solutions of these shocks are of a down dip extension type. The fact that the
main shock and aftershocks are distributed horizontally indicates that the focal plane is a horizontal
‘one. .

The fracture process in the 1993 Kushiro-Oki Earthquake is surmised to be as follows :

First, a fracture having a magnitude of about 5. 9 occurred. Some six seconds after the first frac-
ture, a second fracture having a magnitude of about 6. 6 occurred eastward. Two seconds after this -
second fracture, still an other fracture having a magnitude of about 7. 6 occurred westward. The seismic
moment of the main shock was about 3.1X 10%°® Nm, and the maximum dislocation along the fault plane

of the main shock was about 10 meters.
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Table2.1

Damage caused by the 1993 Kushiro-Oki Earthquake The electrical power supply was back in service
on January 16, the water supply had recovered by February 1, the gas supply had resumed on February
6, and railway service had completely resumed on February 1. (This data is taken from a report made

by the Fire Defense Agency).

Casualties: _
Deaths 2
Missing - None
Serious injuries 117
Light injuries 850
Damage to households:
Total collapse 53 houses
61 households
159 people
Half collapse 255 houses
S 271 households
853 people

Partial collapse 5,313 houses
6, 155 households
‘18, 282 people

Damege to commercial structures:

Public : 3
Others - 50
Fires:

Structures . 11

Dangerous objects None

Others

Educational facilities 480
Social facilities 125
Hospitals ' o 228
Welfare fac:lntxes 165
Roads . 1,591
Bridges ' 817
Bays and ports . : 107
Rivers ‘ 184
Beaches and

sabo Facilities 25

Agriculture, forestry, .
and fisheries facilities 2,598
.Commercial and industrial

facilities 4 6, 007
Garbage disposal facilities 8
Water supply facilities 177
Landslides 14
Railway sites closed 8
Water supply cut off 19, 765%
Power failure 57, 200%
Gas supply cut off 9, 355%

Others 2,379

Note: Asterisks»
% indicate peak values.
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1 HEFHEHRBAE Earthquake Prediction Infor-
mation Division

*2 KRR, Meteorological Research Institute

+3 MiEREEMRE Barthquake and Tsunami

' Observations Divistion

+4 ®FRBEIEF. Karuizawa Weather Station

5 MIEKIL¥EFIE, Seismological and Volcanol-
ogical Management Division.

16 ARERSESE, Sapporo District Meteorologi-

cal Observatory
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Fig.2.1
The first floor of this house collapsed in the 1993
Kushiro-Oki Earthquake. The second floor of
this structure had been top-heavy, making the
building unstable. (Onbetu-cho, Kushiro-Shicho)
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Fig.2.2
This house collapsed in a landslide. (Midorigao-
ka, Kushiro City)

Fig.2.3
Road collapse. (Route 38, Hakuto-cho, Kushiro-
Shicho)

Fig.2.4
Sand boiling by liquefaction. Snowfall can be
seen on the sand ejecta. (Kushioro—Nishi Port,
Kushiro City)
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Fig.2.5
This manhole was raised from underground due
to liquefaction. (Kushiro-cho, Kushiro-Shicho)
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Fig.2.6
This road near reclaimed land caved in due to
liquefaction. (Hanasaki Port, in Nemuro City)
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Vertical component seismograms observed with JMA 87-type electromagnetic seismographs at stations

within

700km of the epicenter of the main shock (first event). These records are velocity seismograms

obtained after integration and band-pass filtering from the original (acceleration) records. The band-
pass filter is shown in Fig. 3. 2. The horizontal axis indicates time, and the vertical axis indicates the
distance from the epicenter, which is reduced using'a logarithmic scale. The theoretical P wave arrival
time and the theoretical S wave arrival time are shown by the dotted lines. Notable phases are seen at
all stations 6 t0.7 seconds after initial P wave motions. :
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Frequency response of the band-pass filter used to obtain the records shown in Fig.3. 1.
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Fig.3.3
Difference between the P wave arrival time for
the first event and that for the second event in
the Hokkaido and Tohoku region. The epicenter
of the first event is shown by cross lines.
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(@) Epicenter distribution map from 1983 to just before the 1993 Kushiro-Oki- Earthquake (depth 61km~

150km).
(b) Space-time distribution diagram.

(¢) Accumulation chart covering the occurrence of earthquakes in the entire region for Fig. 3. 4(8
{d) Accumulation chart coverting the occurrence of earthquakes in the region indicated by the rectangle

in Fig. 3.4(a),
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(@) Epicenter distribution map of
been recalculated.
(b) Space-time distribution diagram.

(c) Histogram of the occurrence of earthquakes by day.
{d) Accumulation chart covering the occurrence of earthquakes.

(e) Magnitude-time plot diagram.

main shock and aftershocks up to June 1993 whose magnitudes have

(f) Magnitude frequency diagram (N= X n:.the dotted line indicate the total number of earthquakes
whose hypocenter parameters other than magnitude are determined).
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(@) Epicenter distribution map.of main shocks and aftershocks from January 15 to June in 1993.
(b) and (c) Cross section of the hypocenter distribution.
(d) Space-time distribution diagram. In the case of earthquakes deeper than 61km the hypocenter ele-

ments which are recalculated in § 3.3 are used. .
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(a) Station distribution map. These stations are used when hypocenter elements are recalculated using
the station correction method. The epicenter of the second event is shown by cross lines.

{b) When hypocenter elements are recalculated by thé station correction method, earthquakes are sepa-
rated into two groups. These earthquakes are the objects to be recalculated by this method, and are

plotted using the original data.

Region 1 Region 2.
S;ation Nanme P .S P : S
.KUSHIRO +0. 8|-0. 1]+0. 1{-0.1
KUSHIROZ [+0. 2 |-0. 8 |+0. 1 |-0. 1
OBIHIRO +0.0|-0.5]+0. 1]-0.1
NEMURO2 -0. 1{-1.1[+0.0|-0. 4
ABASHIRI |+0. 2] 0.0| o0.1|-0.2
ASAHIKAWA | +0. 0 |-0. 7 [+0. 2 |-0. 1
ASAHIKAWAZ [+0. 1 |-0.6[+0. 1| 0.0
HURORANZ -0.5{-2.1|-0.5]|-2.0
Table 8.1 (UNIT:sec.)

Station correction values for each station in each
region are used to recalculate hypocenters using
the station correction method.
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Epicenter dlstrlbutlon map of main shocks and aftershocks and cross section of hypocenter distribu-
tion. These hypocenter elements are recalculated by the station correction method. The perlod involved
is from January 15 to February 28, 1993.
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are recalculated by the station correction method in § 3. 5.
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~ Period involved is as follows : (e) 1983—1992.
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Focal plane solutions (lower equal projection) of the main shocks and aftershocks whose reliability is

. good by the P wave initial motions. If the reliability is not good and there are some P wave initial
motion data in some degree, these data are plotted on the focal sphere. The best double couple solution
of the Harvard CMT solution for the second event is also shown.
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Composite focal plane solutions (lower equal projeétion) for each area, shown by an arrow, by the P
wave initial motions of earthquakes, excluding the earthquakes shown in Fig.7. 1. The reliability of the
composite focal plane solution in region 8 is not good, so only P wave initial motions are plotted. Focal

plane solutions and so on in Fig. 7.1 are also shown.
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Focal Plane solution (lower equal projection)
for the earthquake which occurred on October

14, 1953 near the 1993 Kushiro-Oki Earthquake -

location.
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Fig. 8.1

Seismic activity around the focal region of the 1993 Kushiro-Oki Earthquake. The cluster at a depth of
- 100km consists of the aftershocks from the earthquake.
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Fig. 8.3 : .
Acceleration recorded at the six stations near the hypocenter of the 1993 Kushlro Ok1 Earthquake. The
duration of the strong acceleration at Kushiro and Nemuro is about 15 to 20s. The duration is assumed °
to be no more than the time which was needed for the fracture process to be completed.
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Fig. 8.4
Displacement records for U/D components. The
crossing point of the two .axes indicates the epi-
central distance( 0 km) and the origin time of the
earthquake. These records were obtained by
numerically integrating the original acceleration
records. Phases can be recognized 6 seconds
after the initial phases in the records of all
stations. The phases 6 seconds after the onsets
‘are assumed to be due to the second rupture,

which occurred at a point very near the fracture

corresponding tothe onsets of the seismic waves.
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Velocity records observed at Kushiro Station. These records were obtamed by numerically integrating
the original acceleration records without low-cut-filtering. These traces of two horizontal components
deviate from zero-level after the time marked by A or B. This is assumed to be due to the inclination
in the seismograph bed caused by.strong shaking. The trace for the vertical component has a: “step
between the time of A and B. This step is assumed to be due to the nonlinearity of the accelerometer
We used the traces before A for an analysis of the fracture process of the earthquake
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Fault plane assumed for the fracture process
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subfault. Fault parameters are estimated on the
basis of the aftershock distribution (Fig. 3.5)
and the focal mechanism (Fig. 7.1).
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Fig.8.8(a) :
Inferred moment distribution for the fault. The
area within the circle in the figure denotes the
strength of the moment released in the indi-
vidual subfaults. Numbers in the cells indicate
the time at which the fracture started.

Rate

(*10'% [Nm/s])

Momen t

| ) 10{sec]

Fig. 8.8(b)
Inferred source time function for the 1993 Kushi-
ro-Oki Earthquake.
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Comparison of momemt magnitude and half
duration. Crosses indicate the values estimated
by Dziewonski et al. (1983) for the earthquakes
~ which occurred at a depth between 90kn and 110
km, A solid circle indicates the value estimated in
this paper for the 1993 Kushiro-Oki Earthquake.
The half duration of the1993 Kushiro-Oki Earth-
quake was very much shorter than the ordinary
values. :
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The source time function with the preceding part.
The preceding part is shown by the hatching in
the figure. The preceding part is added to simu-
late the phase marked by an asterisk (*) in Fig.
8. 7. The size of the preceding part is estimated
to be about 1 X 10'°Nm (moment magnitude :
M,=6.86).
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“Comparison of the observed and the synthetic records. The synthetic records were calculated on the
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Initial parts of the seismic waves recorded at

- Abashiri and Asahikawa Stations. Phases A
and B, which are assumed to correspond to the
two fracture steps, can be recognized. It is
assumed that phase B corresponds to the area
indicated by the hatching of the source time
function shown in Fig. 8. 9. We estimated the
magnitude of the first step fracture at 5. 9 from
the amplitude ratio of phases A and B.
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Acceleration seismograms recorded by the JMA 87-type electrémagnetic seismographs.
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Displacement seismograms obtained with integration from the original acceleration recorded by the
JMA 87-type electromagnetic seismographs. These seismograms are equivalent to the seismograms of _
the JMA mechanical strong motion seismograph. .
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Displacement seismograms obtained with integration from the original acceleration recorded by the
JMA 87-type electromagnetic seismographs. These seismograms are equivalent to the seismograms of
the JMA mechanical strong motion seismograph.



