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Abstract

Two small tsunamis generated far off Iwate on Feb. 20, 1979 and
off Miyagi on Jan. 19, 1981 are investigated, by using the tide-gauge
records. From the amplitude-distance diagram, the magnitude (Ima-
mura-lida scale: m) of the 1979 and 1981 tsunamis are determined to
be m=—0.5 and 0, respectively. The source area of the 1979 Iwate-
oki tsunami was located near the Japan Trench and the length was
50 km. The source area of the 1981 tsunami lay on the east side of
the 1978 Miyagi-oki tsunami (m=0.5) and the length was 60 km in an
east-west direction. These source dimensions are nearly standard for
earthquakes of magnitude (M 6.5-7.0).

In the space distribution of tsunami sources during the past 85
years (1897-1981), a remarkable seismic gap can be seen in a segment
of 150-200 km along the trench far off Miyagi. In the southern
Sanriku region, no event has occurred for at least 85 years since the
earthquake of Aug. 5, 1897 (M=7.7). This 1897 tsunami (m=2) caused
much damage to houses with waves 2-3 meters high. A segment of
200 km far off Miyagi should be considered as an area of relatively
high tsunami risk.

1. Introduction

As is well kown, seismicity off the Sanriku coast, northeastern
Japan, is very active and many tsunamis have been generated. During
the last three years since the 1978 Miyagi-oki tsunami (HATORI, 1978)
one small tsunami was generated off Iwate on Feb. 20, 1979 and one
off Miyagi Prefecture on Jan. 19, 1981. These tsunamis were observed
by many tidal stations along the Sanriku coast. According to the
analyses of the seismic and tsunami data (AIDA, 1978; SENO et al., 1980;
SENO and EcucHI, 1981), the 1978 and 1981 Miyagi-oki earthquakes were
caused by a low-angle thrust faulting.

In this paper, the behavior of two present tsunamis is investigated
on the basis of tide-gauge records. The source areas of tsunamis are
estimated by means of an inverse refraction diagram based on the
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arrival times of the wave front. The seismic (tsunami) gap is examined
by adding the new data to the source areas of tsunamis which have

\aEL

i

r"‘:u

I6h™ - JST:

Fig. 1. Tide-gauge records of the tsunami generated off Iwate Prefecture on Feb. 20,
1979, where the records at Miyagi-Enoshima was obtained by the ERI-IV tsunami
recorder.
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been generated off the Sanriku coast during the past 85 years (HATORI,
1969, 1974).

2. Tsunami data

The 1st tsunami was generated far off Iwate Prefecture at 15h
32m (JST) on Feb. 20, 1979. According to the seismological bulletin of
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Fig. 2a. Tide-gauge records of the tsunami gencrated off Miyagi Prefecture on Jan. 19,
1981.
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the Japan Meteorological Agency (JMA), the epicenter of the main
shock was 40°13'N, 143°52'E with a depth of 0km, the earthquake
magnitude being M=6.5. The 2nd tsunami was generated off Miyagi
Prefecture, southern Sanriku, at 3h17m (JST) on Jan. 19, 1981. The
epicenter of the main shock was 38°36'N, 142°58’E, the earthquake
magnitude being M="7.0.

“AYUKAWA “FHA

1)
= iR
_JSMNOMAKI‘

v
m
2

v
d
1
f

U

LLLLALL

=

- e
Jan. |9, (98I JST

Fig. 2b. Tide-gauge records of the tsunami generated off Miyagi Prefecture on Jan.
19, 1981.
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Figures 1,2a and 2b show some tide-gauge records of the two

tsunamis and their locations are shown in Figs. 5 and 6.

For the

tsunami on Feb. 20, 1979, a wave of relatively large amplitude with short

period was locally observed at Shimanokoshi.

JAN.19,19B11 MIYAGI-OKI EQ.
M ERI-V TSUNAMI RECORDER. ENGSHIMA TSUNAMI OBSERVATORY

Figure 38 shows the

EE e

'/J.W,E’j

TABRIU

7 l7h J‘S_T";“*
June 12, I978 T

 MIYAGI-ENOSHIMA
0.10 A

s A A Aﬂn A
0.00 A'AMAVNMWWI\AAN!VIVA; UAA f'\\(!\'/\vm/\‘v/\vp\wl\ Nn /'\AA'AVA'\V‘MVI\A 'vav A\/““
-0.10
-0.29 NRJ—Jlon.'Igllglal 1 (- ‘"Rl [ N | 1t |6"R1 JJS_T_I

Tig. 3. Records of the Miyagi-oki tsunamis on June 12, 1978 and Jan. 19, 1981 at

Miyagi-Enoshima.

Table 1.

The tsunami of Feb. 20, 1979, as recorded by tide-gauges.

The records were obtained by the different tsunami recorders.

Wave

originated near the epicenter (40°13’N, 143°52’E, d=0km, M=6.5; JMA)
off Iwate Prefecture, at 15:32 (JST), Feb. 20, 1979.

Initial wave

Maximum wave

Tide station

Travel time| Rise Period 22;1131]? H
min cm min m cm cm

Hanasaki ?
Hiroo ? 8 5
Urakawa 41 4 9 43 9 5
Hachinohe 48 6 7 48 10 6
Kuji ? 20 8
Shimanokoshi 30 15 9 05 24 15
Miyako ? 6 4
Ofunato (Nagasaki) ? 13 7
Enoshima 46 5 09 12 9
Ayukawa 52 5 8 11 13 8
Onahama ? 6 4

H: Semi-amplitude above ordinary tides. <:

wave front and the maximum wave crest.

Time interval between the arrival of
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Table 2. The tsunami of Jan. 19, 1981, as recorded by tide-gauges. Wave
originated near the epicenter (38°36’N, 142°58’E, d=0 km, M=17.0; JMA)
off Miyagi Prefecture, at 3:17 (JST), Jan. 19, 1981,

e stati Initial wave Maximum wave
Tide station Travel time; Rise Period T 2?;11311? H
min cm min | h m cm cm

Hanasaki ? 7 5
Kushiro ? 8 4
Hiroo ? 12 9
Shoya 17 8
Urakawa 717 4 8 2 30 18 12
Hachinohe 627 3 12 1 13 13 8
Miyako 30 8 10 44 23 10
Kamaishi 26 23 11 55 37 22
Ofunato (Nagasaki) 26 20 10 05 28 20
Kesen’numa (Oura) 30 15 16 55 20 15
Tsukihama 34 22 12 05 30 22
Enoshima 25 11 9 03 14 10
Ayukawa 33 8 8 15 15 8
inaustrial Port 60 6 1z 130 9 6
Shiogama 767 4 19 10 6 4
S industrial Port) 681 4 8 |2 32 15 6
Souma 60 3 12 2 40 18 12
Matsukawaura 62 2 23 2 40 11 8
Onahama 547 3 9 3 34 14 8
Hitachi 58 4 8 2 50 16 11
QOoarai 567 7 10 2 42 18 10
Mera ? 12 8
H: Semi-amplitude above ordinary tides. =: Time interval between the arrival of

wave front and the maximum wave crest.

records of the two Miyagi-oki tsunamis on June 12, 1978 and Jan. 19, 1981
obtained from different tsunami recorders at Miyagi-Enoshima (AIDA
et al., 1981). The wave period of the 1978 tsunami is 25 min, while
that of the 1981 tsunami is 9 min, suggesting a small source area.
Summaries of the principal features of records at various stations are
given in Tables 1 and 2. The double amplitude of the 1979 tsunami
is on an order of 10-20 cm with the period of 5-8 minutes. The double
amplitude of the 1981 tsunami is 20-30 cm with the period of about
10 minutes.

Using the author’s method (HATORI, 1979), the attenuation of
tsunami height with distance from the epicenter, the tsunami magni-
tude of the Imamura-Iida scale, m, is determined in Fig. 4. On the
average, the magnitude of the 1979 Iwate-oki tsunami is determined
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Fig. 4. Magnitude of the tsunamis generated off Iwate and Miyagi Prefectures. The
straight lines are for tsunami magnitude of the Imamura-lida scale which is
classified by the attenuation of tsunami height with distance from the epicenter.
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Fig. 5. Estimated source area of the Iwate-oki tsunami on Feb. 20, 1979, and distribu-

tion of aftershocks (closed circles).

times (min).

The last wave fronts correspond to travel
The observed semi-amplitudes (unit: cm) are also shown.
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to be m=—0.5. The magnitudes of the 1978 and 1981 Miyagi-oki
tsunamis are m=0.5 and 0, respectively. On the statistical relation
between earthquake and tsunami, the magnitude of the 1978 tsunami
was relatively small compared to the earthquake magnitude (M=7.4),
and that of the 1981 tsunami was average.

3. Source area of tsunami

Figure 5 shows the source area of the 1979 tsunami inferred from
an inverse refraction diagram. The estimated source area was located
in the southern part of the 1968 Tokachi-oki tsunami source (m=
2.5). The length of the tsunami source is about 50 km and the area
is 1.6 x10°km?.

Figure 6 shows the estimated source area of the 1978 Miyagi-oki
(HATORI, 1978) and the 1981 tsunamis. Although the source area of
the 1978 tsunami was located on the shallow sea extending 100 km in
a N-S direction, that of the 1981 tsunami lay on the east side of the
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Fig. 6. Estimated source areas of the Miyagi-oki tsunamis on June 12, 1978 and Jan.
19, 1981. The last wave fronts correspond to travel times (min). Closed circles in-
dicate aftershocks of the 1981 earthquake.
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1978 tsunami source between the 1,500 and 3,000 m contour lines. The
length of the 1981 tsunami source is 60 km and the area is 1.9 X10° km?®.
The estimated source areas of the 1979 and 1981 tsunamis agree well
with the aftershock distributions determined by the JMA and the
microseismic network of the Tohoku University (1981). The sea-bottoms
of these regions seem to be the upheaval, because the initial motion
of tsunamis was observed with an upward direction at every tidal
station. . :

4, Tsunami sources in northeastern japan

All the estimated source areas of tsunamis generated in northeastern
Japan during the past 85 years (1897-1981) are shown in Fig. 7, where
the figure on the left shows the tsunamis generated before the large
Sanriku tsunami of 1933 while that on the right shows those there
after. The tsunami magnitudes of the Imamura-lida scale are shown
in parentheses.

Off Miyagi, it is seen the tsunami generating region moves in an
eastward direction. Some seismologists (e.g., SENO, 1979 a, b) suggest
the possibility of a large earthquake off the southern Sanriku coast in
the near future on the basis of the seismic activity. Figure 7, obtained
from the tsunami data (HATORI, 1974), shows that a remarkable
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Fig. 7. Distribution of the estimated source areas of tsunamis generated off the
Sanriku coast during the past 85 years (1897-1981). Dates and the tsunami magni-
tude of Imamura-lida scale, m, are indicated. Left and right figures show
the tsunamis before and after the 1933 large Sanriku tsunami.
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tsunami (seismic) gap exists near the trench, where no event has occurred
during the 85 years since the earthquake on Aug. 5, 1897 M=1.7).
The source area of this tsunami lay on the steep continental slope and
extended 150 km parallel to the Japan Trench.

From the reports of the 1897 tsunami (ANONYMOUS, 1897; IMAMURA,
1899), inundation heights along the Sanriku coast are shown in Fig. 8.
The inundation heights were 2-3 meters. The tsunami overflowed on
land at 2meters high and many houses were inundated on floors at
2.5 meters or more. For example, 57 houses at Onagawa and 125
houses between Shizukawa and Onagawa, Miyagi Prefecture, were
inundated by waves 2.5-8 meters high. At the Ayukawa tidal station,
the initial wave was seen to have a downward motion (Fig. 8), while that
of the 1933 Sanriku tsunami was recorded with upward motion (HATORI,
1974). It suggests the differences of the source mechanism and fault
plane of the two earthquakes.

€
8
=)
\
\
\
: \
.':_PACIFIC OCEAN
N |
40° N ~
~
t
\
\
!
!
AYUKAWA
Im
3
!
(o}
Aug. 5, 1897 |
! !
9h 10 IysT
\
\
)
510 lOIOKrn
38° : 1 ]

Fig. 8. Distribution of inundation heights (unit: m) of the Miyagi-oki tsunami on Aug.
5, 1897 and tide-gauge record at Ayukawa.
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5. Conclusion

Based on the tide-gauge records, the magnitudes and source areas
for the Iwate-Miyagi tsunamis in 1979 and 1981 were investigated.
Adding the present data, all the estimated source areas of the tsunamis

generated off the Sanriku coast in the past 85 years are shown on a
bathymetric chart.

The behavior in the space-time of tsunami activity in the Sanriku
region suggests that the area off Miyagi near the Japan Trench may
be considered a region of relatively high tsunami risk with the magni-
tude of m=2. There is another remarkable region off Aomori Prefec-
ture, northern Sanriku. The occurrence of the 1901 Hachinohe-oki
earthquake (M=7.7-7.8) will be repeated in the near future. The
expectant tsunami effect is small, but the seismic intensity may be
strong along the coast.
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