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Abstract

Adding new data of tsunamis which were observed at tide stations
of Japan and USSR during the last 76 years (1894~1969), the charac-
teristics of tsunami sources in the Kuril region are investigated. The
estimated tsunami sources are located on the steep continental slope
near the ocean trench and agree approximately with the aftershock
areas reported by the USSR sources. According to the statistical
formula (Iida, 1958), the source dimensions of tsunamis in this region
generated by shallow earthquakes (d<<30km) are of the standard size.
Judging from the initial motion of the tsunami observed by tide
gauges, the shoreward sea bottoms in the tsunami source areas are
upheaved in most cases. The peaks of tsunami spectra are in the
range of 16~35min and the peak period is longer for the larger
tsunami magnitude. From the tide gauge records in Hokkaido, the
possibility of tsunami generation in this region is uncertain for the
earthquakes in the magnitude range M=5.9 to 6.7.

1. Introduction

The aftershock areas of large earthquakes which occurred in the
region from Hokkaido to the southern Kuril Islands have been reported
by many investigators (21, 23, 25, 28). Source areas of some large
tsunamis were also estimated but those of small tsunamis are uncertain.
According to the tsunami catalogue given by Soloviev and Go (1969), four
small tsunamis were generated in the southern Kuril region since 1960
besides the tsunamis in October, 1963.

On the basis of mareographic data of both Japan and USSR, source
areas of these small tsunamis together with historical tsunamis (1894,
1918) are estimated by means of an inverse refraction diagram. Adding
new data, all the estimated source areas of tsunamis during the last
76 years (1894~1969) are shown on a bathymetric chart. The charac-
teristics of the distribution and source dimension are investigated in
comparison with the case existing in northeastern Japan.

The predominant periods of tsunamis are related to the earthquake
magnitude (Takahasi, 1961; Iida, 1961) so that they can be used as
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information with regards to the source dimension. Making use of
several tsunami records observed at Hanasaki and Kushiro, spectral
analyses are made. The feature of spectrum for the different tsunami
magnitudes is discussed by taking the background noise into account.

2. Estimation of tsunami source area

Inverse refraction diagrams are drawn at two minutes interval,
starting from the tide station and the locations of the visual obser-
vation. Final wave-fronts corresponding to travel times are shown in
the following maps. Here, many records of small tsunamis are collected
by courtesy of the Japan Meteorological Agency (JMA), Hokkaido De-
velopment Bureau and Iwate Prefectural Office.

1) The Kushiro-oki tsunami of March 22, 1894

This tsunami was recorded by the tide gauge at Ayukawa (Omori,
1901). Initial upward motion began 64 min after the main shock (M=
7.9) and reached the first crest of 25cm. The maximum wave height
was 68cm. According to visual observations (Omori, 1895), the tsunami
travel time at other locations were as follows: Kushiro 20~30 min,
Miyako 42 min, and Ruyabetsu, Kunashiri Island, 1 hour or less. From
these data, the tsunami source is roughly inferred as shown in Fig. 1.

The tsunami heights along the Sanriku coast (Miyako~ Ayukawa)
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Fig. 2. The tsunami sources of 1918, 1958 and 1963 which were inferred, adding
the mareographic data at Hokkaido.

2) The Urup tsunami of Sept. 8, 1918

This tsunami was the largest among tsunamis generated recently
in the vicinity of the southern Kuril Islands, and was observed in all
the regions of the Pacific coast. On the basis of three tide gauge re-
cords (Nakamura, 1918a, b; Imamura and Moriya, 1939) and two ob-
servations by eyewitnesses (Soloviev and Ferchev, 1961), the southern
part of the tsunami source is estimated in Fig. 2. According to the
records, the initial motion of the tsunami is upward. Nakamura (1918b)
pointed out that the record at Kitami-Esashi showed a downward di-
rection, but its beginning time cannot be harmonized in the source
estimation.

The travel times at Hokkaido for the 1918 tsunami are 8~16 min
longer than those of the 1963 tsunami, so that the southern end of
the tsunami source would be located northward. The northern end of
the source cannot be delineated, but the source dimension will be dis-
cussed later with the aid of a feature of the tsunami spectrum (see
Section 4).

3) The 1958 Iturup and the 1963 Urup tsunamis

The tsunami sources inferred from observations at the Kuril Islands
(Fedotov, 1962; Soloviev, 1965) are reviewed, adding the mareographic
data of Hokkaido (JMA, 1959; Hatori and Takahasi, 1964). As shown
in Fig. 2, the southern margin of the wave source for the 1958 tsunami
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approaches Hokkaido and the source area is slightly elongated.

4) Small tsunamis during the period from 1961 to 1968

During these eight years, four small tsunamis (except the tsunamis
in 1963) were generated off the southern Kuril Islands, and observed
at tide stations in Japan and USSR. The earthquake data which were
determined by the USSR are included in Table 6. According to the
seismological bulletin of USSR, the magnitudes of these earthquakes
were in the range of T~7.5 but JMA estimated about 0.5 smaller. The
summary of principal features of tsunami records at various stations

Table 1. The tsunami generated off Shikotan at 06 53 on Feb.
13, 1961 (JST), as recorded by tide gauges
Initial wave Max. wave
. Double
Station Travel time Initial rise Period 1st to amplitude
(min) (em) 2nd crest (min) (cm)
Hanasaki 46 7 13 12
Kushiro 50? 3 30 9
Hiroo 60? 3 12 8
Table 2. The tsunami generated off Simushir at 17 15 on July
24, 1964 (JST), as recorded by tide gauges
Initial wave Max. wave
: Double
Station Travel time Initial rise Period 1st to amplitude ) Ref.
(min) (em) 2nd crest (min) (ecm)
Matua 17.5 8 5 15 26)
Hanasaki ? 5
Kushiro 86 3 25 6
Hiroo 98? 2 10 7
Table 3. The tsunami generated off Iturup at 12 33 on June
11, 1965 (JST), as recorded by tide gauges
Initial wave Max. wave
. Double
Station Travel time Initial rise | Period 1st to amplitude Ref.
(min) (em) 2nd crest (min) (em)
Matua ? 2 27)
Burevestnik 37 4 9 27)
Hanasaki ? 8
Kushiro 58? 2 12 8
Hiroo 67? 2 8 10
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Table 4. The tsunami generated off Shikotan at 19 19 on Jan.
29, 1968 (JST), as recorded by tide gauges
Initial wave Max. wave
. Double
Station Travel time | Initial rise | Period st to | amplitude | ef:
(min) (em) 2nd crest (min) (cm)
Burevestnik 52 17 30 23 10)
Yozhno-Kurilsk 40 15 26% 25 10)
Hanasaki 37 11 14 19
Kushiro 42? 5 18 11
Hiroo 54 18 10 22
Hachinohe ? 4
Shimanokoshi 60 8 12 16

*  Average period

are given in Tables 1~4.
upward at all stations.

The initial motion of these tsunamis were
The tsunami associated with the earthquake

on Jan. 29, 1968 (M=6.9, JMA; 7 , USSR) was the largest among the

small tsunamls, and was observed far from the wave source at Shima-

nokoshi in the Sanriku distriet (Fig. 3).

Wave-heights for other tsunamis

are about 10em at Hokkaido, and are indefinite in the Sanriku district.
Figure 3 shows the principal records of three tsunamis generated off
Shikotan I. (Feb. 13, 1961), Simushir I. (July 24, 1964) and Shikotan I.

(Jan. 29, 1968).
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Fig. 3. Records of the tsunamis on Feb. 13, 1961, July 24, 1964 and

Jan. 29, 1968.
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Fig. 5. Estimated source area of the
tsunami on July 24, 1964 and the distribu-

tion of aftershocks determined by USSR.

Figures 4~5 show the esti-
mated tsunami sources and
distributions of aftershocks (the
time interval of one day fol-
lowing the main shock) which
were determined by the USSR.
As shown in the figures, the
epicenters of the main shocks
determined by JMA are located
at the southwestern side of those
of the USSR. For the earth-
quakes which occurred in the
vicinity of the southern Kuril
Islands, the epicenters determi-
ned by JMA have a tendency
to show a discrepancy because
of the arrangement of seismolo-
gical network (Ichikawa, 1969).

The estimated tsunami sources nearly agree with the aftershock areas
determined by the USSR. However, the source area of the 1968 tsunami
located near Hokkaido, agrees rather with the aftershock areas observed
by JMA. The aftershocks during the period of one week are plotted

in Fig. 6.

This distribution is in good agreement with the determina-

tion by the Urakawa Seismological Observatory, Hokkaido University

(Hirot

a, 1969).

The possibility of tsunami generation is checked on the tide gauge
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Table 5. Earthquakes for which the possibility of tsunami
generation is checked by tide gauge records

Epicenter
Date . d . .
(JST) Lat. [Long. Location (km) M Tide station Remark
1960 Sept. 4 | 44 °‘149.8° Tturup 60 5.9 | Hanasaki, Hiroo Seiche
1961 Apr. 23 | 43.6 [149.6 ” 0 6.6 | Hahasaki, Hiroo, Hachinohe n

1962 Dec. 21 | 42.0 (142.5 | Urakawa| 60 6.3 | Hiroo, Muroran, Hachinohe
1964 May 31 | 43.3 [147.2 | Shikotan| 60 6.7 | Hanasaki, Kushiro, Hiroo Seiche
1964 Oct. 16 | 43.4 {149.5 | Iturup 20 5.9 | Hanasaki, Kushiro, Hiroo Swell
1966 Nov. 12 | 41.6 144.4 | Erimo 40 5.9 | Hiroo, Urakawa, Hachinohe

1967 Mar. 19| 44.8 11561.4 ‘ Urup 60 6.3 | Hanasaki, Kushiro, Hiroo
records for the earthquakes ase 16° - ag?
with a magnitude of 5.9 or 5
more, listed in Table 5. fommo- _ £F __| L
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Fig. 6. Estimated source area of the tsunami

By addi
v a ng the present on Jan. 29, 1968 and the distribution of after-
reSlﬂtS’ the total number shocks determined by JMA.

of the estimated source
areas of tsunamis is 14 or about 75% of the whole tsunamis listed in
the tsunami catalogue (Watanabe, 1968; Soloviev and Go, 1969). All
the estimated source areas of tsunamis, classified by the magnitude, and
the epicenters of the related earthquakes are shown on a bathymetric
chart (Fig. 7). It is seen that most of tsunami sources are located on
the continental slope along the island are, and cannot be found in the
shallow sea or outside the trench. In northeastern Japan, the sources
of small tsunamis are mostly located in the shallow sea (Hatori, 1969),
while in the southern Kuril region, the tsunami sources of various di-
mensions line up on the same depth.

The estimated source dimensions (major length: L, area: S) are
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Table 6. Dimension of the tsunami sources in the region
from Hokkaido to South Kurils
Earthquake Tsunami
Date Epicenter Ref.
JST .
(S Lat. | Long. | Location (lgm) M| mx (lfm) xlofkm2
N E
1893 June 4 43.3° | 147.5°| Shikotan 6.6 1
1894 Mar. 22 42.3 145.1 | Hokkaido 7.9 2 (250)
1918 Sept. 8 | 45.5 151.4 | Urup S 81 3 (870)
1918 Nov. 8 | 456.5 151.5 4 S 1% 0
1952 Mar. 4 | 42.2 143.9 | Hokkaido 45 8.1 2 90 3.7 19)
1952 Mar. 10 | 41.7 143.5 ” 10 7.0] -1
1958 Nov. 7 4.5 148.9 | Itrup 80 8% 2 200 11 24)
1958 Nov. 13 | 44.3 148.9 ” 50 7.5
1961 Feb. 13 43.8 147.7 | Shikotan 50 7% 0 50 1.2
1961 Aug. 12 | 42.9 145.6 | Hokkaido 80 7.2 —1 35 0.7 2)
1961 Nov. 156 | 42.7 145.6 4 60 6.9 —1 40 0.8 2)
1962 Apr. 23 42.2 143.9 4 60 7.0 -1 40 0.9 2)
1963 Oct. 12 | 44.7 149.1 | Urup 50 % | —2
1963 Oct. 13 | 44.6 149.7 ” 60 81 2 470 33 18)
1963 Oct. 20 45.4 150.2 » 20 T 2? 120 4.7 18)
1964 July 24 | 46.9 154.4 | Simushir 40 7 —2 50 1.5
1965 June 11 | 44.5 149.1 | Itrup 30 % | —2 60 1.9
1968 Jan. 29 | 43.2 147.0 | Shikotan 30 6.9 0 70 2.2
1969 Aug. 12 43.5 147 .4 ” 30 7.8 2 170 8 3)
* ‘m: Imamura-lida’s magnitude of tsunami. ;
1000%™ given in Table 6. Figure 8 shows
- the relation between the length of
S00r o | the tsunami source and the earth-
Lr . // quake magnitude where closed circles
r /./ o are the tsunamis which are accompa-
e nied by the main shocks with a
IOOE o) F/ @ focal depth. shallower than 30km
500 ) A and open circles are those deeper
:X.\éoﬁ/ °° o than 40km. It is seen that the
] e o sdm source dimension of a tsunami due
0 40~80 to a shallow earthquake is closely
10 } represented by the empirieal formula
60 65 70 75 B0y 85 giyen by lida (1958); namely,

Fig. 8. Relation between the dimen-
sion of tsunami source indicated in
Fig. 7. and earthquake magnitude. d:
focal depth of the main shock.

log L=0.5M—1.7,

where L is measured in km. The
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source dimension for a deep earthquake has a tendency to be smaller,

consistent with the case in Japan.

4. Feature of tsunami spectrum

The spectral analyses for several tsunamis observed at Hanasaki
and Kushiro are made by Tukey’s method. The results are shown in
Fig. 9 where the conditions of analysis are as follows: Time length of
the record is 6 hours including the initial wave with sampling at every

2 minutes interval.
lag is 80.

The total number of data points is 180 and the

As seen in Fig. 9, the features of spectra at Hanasaki vary ac-

cording to the tsunami magnitude.

The spectra of the background

noise at both stations are shown in Fig. 10 where the analyzed time

interval of each record is 12 hours.
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Fig. 9. Power spectra for various tsunamis
analyzed from the records at Hanasaki and Ku-
shiro. Arrows indicate the probable peak of
tunami spectrum in the outer sea.
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Fig. 10. Spectra of background
noises at Hanasaki and Kushiro.
Date of spectral analyses; A: Sept.
4, 1960, B: March 19, 1967, C: June
12, 1968, D: Feb. 14, 1961, E: Aug.
11, 1961 and F: Nov. 12, 1966.
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Weather Station (1967), the seiche period in Hanasaki Harbor is 15 min
but another predominant period of 583 min is found from the present
analysis. When the amplitude ratios of the tsunami spectrum to the
noise spectrum were calculated, the peaks of spectra fall in the band
of period indicated by the arrow. The positions of peaks are as follows:
the tsunamis of 1918 and 1963, 35.4 min, tsunamis of 1958 and 1969,
24.4 min, and tsunami of 1968, 16 min. These peaks would correspond
to the predominant period of the tsunami incident on the shelf near
Hanasaki, if the noise level is assumed to represent the response of
the near shore area of Hanasaki. The position of the predominant
peak of the tsunami spectrum moves to the low frequency part as the
magnitude of tsunami or earthquake increases. Thus, the source di-
mension of the 1918 tsunami seems to be comparable to that of the 1963
tsunami. )

On the other hand, at Kushiro, located at the far end of the conti-
nental shelf, the water level variation has always a predominant period
of 29~32min (Nakano and Unoki, 1962). The separation of incident
tsunami spectrum having these periods from noise was not successful.

5. Conclusion

For the tsunamis which were generated off the southern Kuril
Islands and its vicinity during the last 76 years, the geographic dis-
tribution of the tsunami source is shown, adding new data. The tsunami
sources of various sizes line up along the contiental slope near the
trench. The initial motions of most tsunamis (except the tsunami on
Aug. 12, 1969 (Hatori, 1970)) were in the upward directions, so that
the uplift of the bottom may have occurred at the landward side of
the tsunami sources. From the spectral analyses of tsunami records at
Hanasaki, it is found that the predominant period moves to the lower
frequency part as the tsunami magnitude increases.

The estimated tsunami sources in the Kuril region have a tendency
to agree with the aftershock areas determined by the USSR. At the
tide stations in Hokkaido, the observed tsunamis which were generated
in this region are only for an earthquake magnitude of 6.9 or more.
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