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Abstract

The wave source of the tsunami generated off West Hokkaido
(Shakotan Peninsula), in the Japan Sea, on Aug. 2, 1940 is estimated
by means of an inverse refraction diagram, making use of a new
bathymetric chart. The source area extends 170 km in the NNW-
SSE direction, which is smaller than that obtained by Miyabe (1941).
However, the dimension estimated by the present analysis is still
large for the earthquake magnitude of M=7.0. From a comparison
of the geographic distribution of the earthquake intensity with
those of the other tsunamigenic earthquakes that occurred in the
Japan Sea, the magnitude of this earthquake is investigated. Ef-
fective tsunami height observed on the surrounding coasts of the
Japan Sea can be explained by the direction of the present source.
Magnitude of the tsunami of 1940 seems to be equal to that of the
Niigata tsunami of 1964 and is represented as m=2. Besides, the wave
source of the tsunami generated off Rumoi, West Hokkaido, on Nov. 4,
1947 is discussed, taking the aftershock area into consideration.

1. Introduction

Off shore of the west coast of Hokkaido belongs to a region with
deep earthquakes of focal depth 200 km or more, a few earthquakes there
having sometimes been accompanied by tsunami. The tsunami generated
off the Shakotan Peninsula at 00h 08 m (JST) on Aug. 2, 1940 (the
Shakotan-oki tsunami) caused moderate damage on the west coast of
Hokkaido, Sakhalin, Sikhote-Alin (USSR), North Korea and the Oki
Islands. 10 lives were lost at the mouth of the Teshio River. This
tsunami was also observed by tide gauges on the surrounding coasts of
the Japan Sea. According to the seismological bulletin published by the
Japan Meteorological Agency (JMA, 1958), the magnitude of the earthquake
has been estimated as M="7.0.

Soon after the occurrence of the earthquake field investigations were
carried out by the Sapporo Meteorological Observatory (Saito, 1941;
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Takanobu, 1941). Principal behaviors of the tsunami were reported by
the Kisho-yoran (JMA, 1940)*. The source area of tsunami was estimated
by means of an inverse refraction diagram by Miyabe (1941) as 200 km
in diameter. However, taking account of the statistical formula between
the source dimension and the earthquake manitude M(Iida, 1958; Hatori,
1969),** the dimension of the estimated source area is abnormally large
for the magnitude M=T7.0. On the other hand, according to the U.S.
Coast and Geodetic Survey (CGS), the magnitude of this earthquake M,
was determined as 7.7, so that the estimated value is quite different
from that of JMA. In the present paper, employing a new bathymetric
chart, the location and dimension of the tsunami source are newly
estimated by the same method. Comparing the geographic distributions
of the intensity of tsunamigenic earthquakes that occurred in the Japan
Sea, the magnitude of the Shakotan-oki earthquake is discussed. The
effect of the source direction is investigated with the aid of the refraction
diagram and compared with the Niigata tsunami of 1964.

Another tsunami was generated off Rumoi, West Hokkaido, at 09 h
09m (JST) on Nov. 4, 1947 (the Rumoi-oki tsunami) caused by an earth-
quake having the magnitude M=7.0. The source area of this tsunami
is also examined. :

2. Source area of tsunami

Wave-fronts of an inverse refraction diagram are drawn at two
minutes interval on the bathymetric charts as follows: “Bathymetric
chart of the adjacent seas of Nippon” (1/3,000,000, No. 6301, 1968) and
others (1/300,000 and 1/500,000) published by the Japan Hydrographic
Office are used at deep sea regions and that from the coast to the
continental shelf, respectively.

(a) The Shakotan-oki tsunamsi of 1940

According to the tsunami records obtained at Nevelsk (Honto), Otaru,
Osyoro, Iwanai, Sakata, Niigata, Wajima and Najin (Rashin), the initial
motion of all records clearly began with a rising level. Arrival times
of the tsunami at various stations given by Miyabe (1941), are adopted
in the present drawing. Data of the initial arrival times observed by
eye-witnesses at the coasts of Haboro and Tetyukhe (Sikhote-Aline) are
also used. It has been reported that the tsunami front reached in 40-
45 min after the occurrence of the earthquake at Tetyukhe (Svyatlovski,

* Monthly Geophysical Review (in Japanese).
** In case of a shallow earthquake (0<d <20 km), the dimension of a tsunami source
is 60-100 km for M=7.0 and 150-250 km for M=17.7.
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Fig. 1. Estimated source area of the tsunamis generated off West
Hokkaido in 1940 and 1947, and the distribution of aftershocks caused by
the earthquake of 1947 (closed circle). The last wave fronts correspond to
travel times observed by tide gauges (solid line) and visual sense (broken line).

1957; Soloviev and Ferchev, 1961). The final wave-fronts corresponding
to the travel times, starting from every station are shown in Fig. 1.
The estimated tsunami source is 170 km long, 70 km wide and its area
is 9.4x10°km? If an error of +=2min is associated with the determi-
nation of travel time and drawing, the dimension of the area changes
about #20km. The major axis of the source runs in the NNW-SSE
direction, and the west side of the source is roughly parallel to the east
margin of the Japan Basin along the bottom contour of 3000 m. The
south side of the source extends up to some 15km off the cape of
Shakotan Peninsula. Within the source area, there are some ridges,
the topography of the sea bottom being complex.

Judging from the initial motion of the records, the upheaval of the
bottom seems to have occurred in the source area of tsunami. According
to the inhabitants at the region around the Shakotan Peninsula (Yoichi,




1066 T. HATORI

Irika and Iwanai), the initial wave-front of tsunami began with a down-
ward motion 3 min after the occurrence of the earthquake, suggesting the
upheaval at the Shakotan Peninsula. Many aftershocks were observed
by the seismograph station at Sapporo belonging to the JMA. The
frequency distribution of the P—S intervals for these shocks lie in the
range of 10 sec to 383 sec, and the predominant peak falls at the position
of 20 sec. The linear dimension of the aftershocks region of about 190 km
was estimated by Utsu (1961).

The tsunami sources estimated by Miyabe and the present analysis
are shown with dotted and solid lines, respectively in Fig. 2. As seen
in Fig. 2, the newly estimated area moves to the east from Miyabe’s
result and becomes strongly elliptical. The dimension has decreased to
about two-thirds of Miyabe’s. TFig. 2 also shows the distribution of the
tsunami height in meters. Compared with the tsunami height at the
coast of Shakotan Peninsula near the tsunami source, that at the north-
west side of Hokkaido is large. On the southwest side of Rishiri Island,
the height of 2.9m was reported. It is remarked that the maximum
height of 3.5m was observed at Tetyukhe.

Fig. 3 shows a refraction diagram of wave-fronts for 10 min intervals,
in which wave-fronts were drawn starting from the margin of the source
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Fig. 2. Distribution of the tsunami height, in meters, for the tsunami
of 1940. The tsunami sources inferred from the present and Miyabe’s
analyses are indicated by solid and dotted lines, respectively.
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Fig. 3. Refraction diagram and wave fronts at every 10 min intervals from the
source. Broken lines represent wave rays, which are emitted from the origin
subdivided into equal angles of 20 degrees.

obtained from the present analysis, at every 2min intervals. In this
figure, the trajectories are also drawn by broken lines, the azimuth at
the origin being divided into equal angles of 20 degrees. About half
of the total tsunami energy is emitted into the northwest coast of
Hokkaido. A part of the energy concentrates at the coast of Sikhote-
Aline (neighborhood of Tetyukhe) and diverges along the coast of Honshu,
the main-land of Japan. Wave rays are expected to concentrate at the
Oki Islands because wave-fronts are deformed by the Yamato Rise lying
in a center part of the Japan Sea. At the coast of North Korea, wave
rays which started from the minor axis of the tsunami source are directly
run on to the Japan Basin. According to the refraction diagram in the
case of the Niigata tsunami of 1964 (Hatori, 1965a) the coast of North
Korea seemed to be the location of the concentration of the tsunami
energy caused by the Yamato Rise.

(b) The Rumoi-oki tsumami of 1947
The behavior of the Rumoi-oki tsunami has been reported by the
Kisho-yoran (1947) as follows: Forty min after the occurrence of the
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earthquake, a small tsunami was observed at Otaru by tide gauge. The
tsunami front began with a downward motion 48 min after the earthquake
at the coast of Haboro and the tsunami height of 70 cm was reported
with visual observation. According to the tsunami catalogue compiled
by Watanabe (1968), the maximum height of 2m was observed at
Kutsugata, Rishiri I. In Fig. 1, the final wave-fronts starting from
Otaru and Haboro and the distribution of aftershocks are shown.
Taking account of the area of aftershock activity, the source area of
tsunami is roughly inferred as shown in Fig. 1. If the length of the
major axis of the source is 60 km, the source dimension may be considered
as the standard size for the earthquake magnitude of the range of 6.8-7.0.

3. Magnitude of the earthquake

The magnitude of the Shakotan-oki earthquake is examined by
comparison with those tsunamigenic earthquakes that occurred in the
Japan Sea as listed in Table 1. The method is to compare the distri-
bution of earthquake intensity. The magnitudes of these earthquakes
determined by JMA and CGS are nearly equal except the Shakotan-oki
earthquake. In the cases of the 1939 Oga (Kishinouye and Iida, 1939)
and the 1964 West Aomori earthquakes (Hatori 1965b), double wave
amplitudes of 50 cm or less were observed by tide gauges along the
coasts from Akita prefecture to SW Hokkaido.

Table 1. List of tsunamigenic earthquakes that
occurred in the Japan Sea.

Date . §p1center , . ‘ ‘ Earthquake
(JST) " Lat. jLong Location ‘ magmtude
Sk sl
1939 May 1| 40.0° 139.8° Oga Lo 10
1940 Aug. 2 44.1 ¢ 139.5 ‘ W. Hokkaido (off Shakotan) f 0-20 s 7.0
1947 Nov. 4 43.8 141.0 = W. Hokkaido (off Rumoi) 0-30 | 7.0
1964 May 7| 40.3 (139.0  W. Aomori f 0 | 6.9
1964 June 16 = 38.4 | 139.2 | Niigata 1 ‘ 7.5

From the observation of JMA, the relation between the earthquake
intensity and the distance from the epicenter are shown in Fig. 4 where
the open circles are the Shakotan-oki earthquake, solid circles the others.
The left side from the broken line in Fig. 4 corresponds to the region
of open sea for the Shakotan-oki earthquake, so that the intensity should
be compared with the right side. It is seen that the Shakotan-oki
earthquake is clearly larger than the Rumoi-oki earthquake, nearly of
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Fig. 4. Relations between intensity of the earthquakes that occurred in the
Japan Sea and distance from the epicenter.

the same order as the West Aomori and Oga earthquakes, and smaller than
the Niigata earthquake. On the other hand, Yoshiyama (1964) pointed out
that the magnitude M ="17.5 for the Niigata earthquake, might be overesti-
mated on the basis of a comparison with land earthquakes of like intensity
by the same method. As seen in Fig. 4, the intensity diagrams are
widely scattered according to various conditions of earthquakes such as
the locality and focal depth. However, the magnitude M=7.0 of the
Shakotan-oki earthquake seems to be reasonable. It is considered that
the Rumoi-oki earthquake has a magnitude of the order of 6.6-6.8.

4. Comparison with the Niigata tsunami of 1964

For the Niigata tsunami, lida (1967) indicated the relation between
the tsunami height H and the distance 7 along the trajectory from the
margin of the tsunami source, as shown by closed circles in Fig. 5 and
expressed the relationship as Hocr™'’ Soloviev and Militeev (1967)
also discussed the decay of tsunami height, adding new data observed
in the USSR. :

The data obtained from the Shakotan-oki tsunami are plotted with
open circles in Fig. 5. The scattered points in the range from 110 km
to 300 km correspond to the regions of NW Hokkaido and Sikhote-Alin
and these were, as above mentioned, caused by the effective directivity
of the tsunami. Magnitude of the Shakotan-oki tsunami is of the same
order to that of the Niigata tsunami and is represented as m=2. How-
ever, the source area of the Shakotan-oki tsunami has three times as
large a dimension as that of the Niigata tsunami.
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Fig. 5. Attenuation of tsunami height with distance from the tsunami
source. Closed circle: the Niigata tsunami of 1964 (after K. Iida), open
circle: the Shakotan-oki tsunami of 1940.

5. Conclusion

The estimated source of the tsunami generated off the Shakotan
Peninsula, West Hokkaido, on Aug. 2, 1940 has an area of 9.4 X 10° km® and
a length of 170 km directed NNW-SSE. Compared with Miyabe’s analysis,
the present source moves to the east side. Its shape is more elongated
but the dimension becomes smaller. The south edge of the tsunami
source approaches the Shakotan Peninsula and the west side runs almost
parallel to the eastern margin of the Japan Basin. Behavior of the
tsunami heights on the surrounding coast of the Japan Sea can be
explained with the aid of the refraction diagram drawn from the source.
Earthquake magnitude seems to be M=7.0 judging from the comparison
with the intensity distribution of other earthquakes. However, according
to the statistical formula, the present dimension of the tsunami source
is remarkably large even taking the accuracy of the drawing into ac-
count. Tsunami magnitude of the present tsunami may be equal to that
of the Niigata earthquake and is ranked as m=2.

The author wishes to express his sincere thanks to Prof. K. Kajiura -
for his valuable advice.
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1940 46 8 B 2 |, JerdufEr it X o dki B ARSI ER L, WEEERER Dy o
BEEM & ALEIRE, RO RE, B Seidv b, MREOHE M %, KETOMEH &=
7 (1958) mrBHE M=T0, USCGS vk BhL Me=T7.7 LARThTkYH, HEOREMIIEL
WEWRH B, —T, KRB R TSEEM SR, P-S HESTNE 10sec 5 33sec Off
BichoT, SFEROEILY 190km FHEEIhTWS FE, 1961).

C OBREORFIRITMEAER, Ei 1940) © X v REESEE L2 LTHEESh, LrLZ o
WEMIT M=70 Lok d &, BFEOKE S LMEREE OHEIMYLBEERR (FHE, 1958; 3
B, 1969) MmDLREMS ERRCKE V., Z0OSEWLACTBLDIEE, BHOBEMEZNK (K
BB, 1968) HHV, WD THREOMEMREIER Lic. 7ok, FHOBEOBFREL, LHED
PIREED B EROTEY, FOX M TE. —F, HEORAGTEEHEC &, EES
A% il L CHE o BB A BT L.

AT OFER, EMOMTCHNTHEERIINE L, ZOWLRFERBAE ok, EREOREX
NNW-SSE #rjc 170km &7¢ 9, WEOREIFEECITE L TW5, B EARZORZ
TR, BFRNOBERIFI 2 v EMTH S, BEERC L5 L, BEOHIFINENTHRL




1072 A Study of the Wave Source of the West Hokkaido Tsunami of 1940

WL THE D, BROMELZHRL TS, HERET, LOERBEENYRA L, SIng=x
N~ OFETICIETE R ARIE L, BB O—B & b s iR LT 5, F1z Ak
IOTEROEARENC b, FlMcREnESE~EE s o L8 THcx s, LE, HITBED
WROmM XN S, BAGRIOE S MIEMEIh 5,

BESMOMEEC L 5 &, 1940 SERFEL 1947 E0HEHME M=7.0) L hWbick
&<, 1939 L BHEMIE (M=1.0), 1964 FFFARTGHIPIEE (M=6.9) L RREL R Sh 5, 1964
SFFBIE M=T75) X 0PI\ 0TI OHEREYLIL, FAHbEORBIISRFOMR
E L M=7.0 »EEME %,

D Pelins & DR L Wikt & OEIRHA~D &, BiFHhak i e X 555 b h e, i
POBBIFERPE L RABELEL S, Lr L, WIROEINT 9.4X108km? L#EEIh, FHBmg
DFy 3 b RE. —F, WIHEE T, FoREMAYEE UTHEY N 35, BRIXY
60km Lich, ZHIZHFEHNCEEEORE I TH S, TR L, B o Rk, 16
HOBREXERCZANTS, ABHL2TREL., AR LEBCRC RS LTEY, i
TR X B AR OO A 2 < 5,




