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1. Introduction

According to the previous paper (Mogi, 1968b), a sequence of great
earthquakes (M = 8) in the northwestern circum-Pacific seismic belt, if
the focal regions suggested by their aftershock areas are considered,
occurred covering the large part of the seismic belt in the last thirty
years and these focal regions did not overlap in this time interval.
The similar feature had been also pointed out by Fedotov (1965) on
the Kamchatka - northeastern Japan region. Since the energy of great
earthquakes is the main part of the total earthquake energy, the above-
mentioned process suggests the following mechanism: The strain energy
is gradually and nearly uniformly stored in the seismic belt, and when
the stored energy density increases to a critical value related to the
fracture strength of the region, a great sudden fracture, namely a
great earthquake, takes place. If this process is general in earthquake
occurrence, large earthquakes may be expected to occur to fill a gap
in the spatial distribution of earthquake energy release in seismic
region. In 1965, Gotd and Sakai had suggested this process in relation
to the occurrence of the Tokachi-oki earthquake of 1952. In the present
paper, this process of occurrence of large shallow earthquakes is
systematically examined in and near Japan where earthquake data in-
cluding smaller ones are available for about eighty years. Space distri-
butions of the seismic activity in recent years show very interesting
patterns which seem to correlate to following great earthquakes.

2. Procedure of investigation and materials used

To study the space and the time distributions of recent seismic
activity in and near Japan, the distributions of focal regions of large
earthquakes and that of the earthquake energy density were obtained
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for each period. The procedure to draw these distribution maps is as
follows:

Distribution of focal regions of large earthquakes (Map I) Focal
regions of large shallow earthquakes (M > 7) are plotted at the epicenters
of earthquakes. Since the aftershock region just after the main shock
is thought to correspond to the focal region of the main shock (Mogi,
1968a), namely the area where the earthquake energy was accumulated,
the focal region was approximately indicated by a circle with a diameter
calculated from the following aftershock area-magnitude relation ob-
tained by Utsu (1961):

log D=0.5M—1.8,

where D is the linear dimension (in kilometer) of aftershock area. When
locations of aftershock regions are known, the circles were located at
the aftershock regions just after the main shocks. ,

Distribution of earthquake energy demsity (Map II) The investi-
gated area is divided into square regions with a unit dimension of 60 km
and the total energy of shallow earthquakes greater than magnitude 4.5
whose epicenters are located in each square is calculated. In this case,
the energy of large earthquakes is distributed to square regions around
the epicenters with consideration for the above-mentioned focal regions.
The contour lines of egual earthquake energy density are drawn from
the distribution of the total energy of each square, sometimes from
the distribution of their overlapped mean values.

Earthquake data since 1885 in and near Japan have been available
for the present discussion. They were adopted from The Magnitude
Catalogue of Major Earthquakes Which Occurred im the Vicimity of
Japan (1885-1950) by the Japan Meteorological Agency or JMA for the
period (1885-1925), Catalogue of Major Earthquakes Which Occurred
i and near Japan (1926-1956) by JMA and the Seismological Bulletin
of JMA for the period (1926-1968, May). The accuracy of data is not
uniform for the whole period. The epicenters and the magnitudes of
earthquakes were determined by modern instrumental observations for
the later period (1926-1968). On the other hand, they were estimated
from insufficient observations and historical documents for the earlier
period before 1926. This should be borne in mind in the discussion
based on these data. The magnitudes of earthquakes in The Magnitude
Catalogue of Major Earthquakes Which Occurred in the Vicinity of
Japan (1885-1950) given by H. Kawasumi is somewhat higher than
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the magnitudes given by JMA for the period (1926-1956), as pointed
out by Tsuboi (1964). Kawasumi’s magnitudes were corrected by com-
parison with JMA magnitudes of the same earthquakes in the later
period. The correction is appreciable for smaller earthquakes, but
negligible for greater earthquakes. As a special case, the magnitude
of the Nobi earthquake of 1891 was corrected to be 8.0 according to
the recent study of Muramatsu (1962). '

The distributions (Maps I and II) were obtained for intervals of
successive five or ten years, and for other suitable time intervals in
the period (1885-1968). Before 1885, earthquake data which are based
on historical documents are not uniform, so that, they are unsuitable
for the present discussion. Deep earthquakes were excluded in the
present discussion.

3. Seismic activity before the Tonankai earthquake of 1944 and
the Nankaido earthquake of 1946.

The space distribution of focal regions of earthquakes during the
initial twenty-five years (1885-1909) (Fig. 1) shows approximately uniform

~ activity in the investigated region, as seen in the whole period (1885-

1968, May) (Fig. 11). On the other hand, the distribution in the following
thirty years (1910-1939) shown in Fig. 2 shows a mnon-uniform distri-
bution, that is, any large earthquake with magnitude 7 and over did
not occur in a wide area in southwestern Japan. This inactive area
(Region A) is indicated by a dotted curve in this figure. The distri-
bution of the earthquake energy density also shows a marked gap in
the seismic energy release in this region (Fig. 3). Focal regions of
large earthquakes which occurred in the following ten years (1940-1949)
are shown in Fig. 4. Now, it is pointed out that several major earth-
quakes including two great earthquakes, the Tonankai earthquake (M
=8.0) and the Nankaido earthquake (M=8.1), occurred to fill this gap
of the seismic activity in the preceding thirty years.

4, Seismic activity before great earthquakes in northeastern Japan.

The above-mentioned process where great earthquakes occurred at
a gap in the seismic activity during the preceding period is also found
for great earthquakes in northeastern Japan. Figs. 5a and b show the
space distributions of focal regions of large earthquakes (M>>7) before
the Sanriku-oki earthquake of 1933 (M=8.3) and the Tokachi-oki earth-
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Fig. 1. Space distribution of focal
regions of large earthquakes of magni-
tude 7 and over in the period (1885-1909).

1210~1939

Fig. 8. Space distribution of the earth-
quake energy density in the period (1910-
1939). Unit of values for contour lines:
1018 ergs/kmz2,

Fig. 2. Space distribution of focal
regions of large earthquakes of magni-
tude 7 and over in the period (1910-1939).

1940 -1949 /

_

Fig. 4. Space distribution of foeal
regions of large earthquakes of magnitude
7 and over in the period (1940-1949).
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quake of 1952 (M = 8.1), respectively. The region, a part of the outer
seismic zone of Japan, is one of the most active regions in the world,
but the focal regions of these great earthquakes estimated from after-
shock areas just after the main shocks, were abnormally inactive in
the preceding periods (thirty years for the Sanriku-oki earthquake and
thirty-five years for the Tokachi-oki earthquake). Goto and Sakai (1965)

1900 - 1933 Feb.

1912-March - 1952-Feb.

S
W m=80,{)75.870

(a)

Fig. 5. Space distributions of
focal regions of large earthquakes
of magnitude 7 and over in some
periods preceding great earthquakes
in northeastern Japan.

(a) Sanriku-oki earthquake of 1933,
(b) Tokachi-oki earthquake of 1952,
(c) Tokachi-oki earthquake of 1968.
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already pointed out this feature in the case of the Tokachi-oki earth-

quake of 1952.

On May 16, 1968, a great earthquake (M =7.9) occurred in the

region.

°
o
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Tokachi-oki x‘/z//_/ .

Sanriku-cki

“{ﬁ 1933

,

Fig. 6. Locations of focal regions
of three recent great earthquakes
in northeastern Japan.

Large double circle: main shock;
small circle: aftershock just after
the main shock.

This earthquake was called the Tokachi-oki earthquake of 1968.

Its aftershock area developed gradually
with elapsed time. The focal region esti-
mated from the aftershock area just after
the main shock (for half a day) is adjacent
to the focal regions of the Sanriku-oki
earthquake of 1933 and the Tokachi-oki
earthquake of 1952, and these focal regions
did not overlap, such as is pointed out in
the Aleutian-Alaska region, ete. (Fig. 6).
Fig. 5c also shows that the focal region of
the Tokachi-oki earthquake of 1968 cor-
responds to a gap in the seismic activity
in the preceding forty-five years.

Thus, the recent great earthquakes
in northeastern Japan were also preceded
by a gap in the seismic activity during
thirty years and over. However, the size of
the gap in seismic activity in this region is
appreciably smaller than those of the western
Japan and the Aleutian-Alaska region.

5. Seismic activity in the last thirty years

Now, it is very interesting to note whether or not there are gaps

in seismic activity in recent years.

A noticeable distribution of seismic

activity was found for the last thirty years.” The space distribution of
focal regions of large earthquakes represented in Fig. 7 shows that no
large earthquakes (M >7) occurred in a wide area including the Kwanto
and the southern Tohoku districts in the last thirty years. This jnactive
area (Region B) is indicated by a dotted curve in Fig. 7. As seen in
the distributions of the seismic activity during the whole period shown
in Fig. 11, this region includes a very active region, a part of the
outer seismic zone of Japan, where twenty-five large earthquakes (M >17)
occurred in the preceding thirty years (1909-1938). Therefore, the low
activity in the last thirty years in Region B should be noticed with
much attention.
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However, many smaller earthquakes (M <T) occurred in Region B
throughout the whole period. The space distribution of earthquake
energy release with consideration for smaller earthquakes is shown in
Fig. 8. Although the energy release by smaller earthquakes in the
region is not negligible, the gap in seismic activity in Region B during
the last thirty years is also noticeable.

1939-1968-5

(O M5

O M=70

1939 - 19685

./ Region B
of
Fig. 7. Space distribution of focal Fig. 8. Space distribution of earth-
regions of large earthquakes of magni- quake energy density in the period (1939-
tude 7 and over in the period (1939-1968, 1968, May). Unit of values for contour
May). lines: 1018 ergs/kma2.

To show explicitly the space and the time variations of the seismie
activity in the outer seismic zone of Japan, distances (D) of epicenters
of large earthquakes from a fixed station projected to a line parallel
to the Japanese Islands is plotted against time (Figs. 9a and b). The
investigated area is limited to the outer seismic zone, and the inner
seismic zone and the region far off the Bosé Peninsula are excluded, as
shown in Fig. 9a. In Fig. 9b, three marked blank areas are indicated
by broken curves. The blank area at Region A corresponds to the
above-mentioned gap in seismic activity before the Tonankai earthquake
of 1944 and the Nankaido earthquake of 1946. The blank area at
Region B indicates the gap in the KwantG and the southern Tohoku
districts. Another gap is pointed out in Region C (Nanseisyoto).

The histograms of seismic energy release for each five years in
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Regions A and B are shown in Fig. 10. Abnormally low energy release
in Region B in the last thirty years is remarked with that in Region
A in the thirty years before the two great earthquakes.

From the above-mentioned discussion, it is suggested that large
seismic events may occur in Region B in the near future.
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Fig. 9. One dimensional locations of large earthquakes as functions of time
(b). The investigated area of the outer seismic zone is shown in (a). D: distance
of epicenter of earthquakes from a fixed station projected to a line parallel to the

Japanese islands.
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Fig. 10. Histograms of seismic energy release of five suc-
cessive years in Regions A and B.

6. Seismicity in and near Japan.

The seismicity in and near Japan has been studied by many in-
vestigators (Miyamura, 1967). Recently, Sugimura (1960), Tamaki (1961),
Miyamura (1962) and Katsumata (1966) discussed in detail the space
distribution of seismic activity in relation to tectonic structures of the
Japanese region based on the epicentral distributions of major earth-
quakes in recent years since 1926 or later. In this section, the seismicity
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of this region is discussed
based on the distributions of
the focal regions of large
shallow earthquakes and the
earthquake energy density
during the period (1885-1968,
May) (Figs. 11 and 12), from
the standpoint that the earth-
quakes energy release is more
essential. A similar study had
been made by Goto and Sakai
(1965). To study a relation
to tectonic structures, the
investigated period, about
eighty vyears, may not be
always sufficient, because the
seismic activity sometimes
changes with long periods,
particularly in regions of low
activity. = However, earth-
quake data before 1885 are
not available for the present
purpose. This situation should
be considered in the following
discussion.

From Figs. 11 and 12,
the seismicity in the shallow
region in and near Japan may
be summarized as follows:

(1) The very active areas
distribute along three island
arcs, namely the Kurile, the
Honshu and the Ryukyu arcs,
and the active regions are
situated at the continental
side of deep sea trenches, and
there is no active region at

1885 - 19685

Y

Fig. 11. Space distribution of focal regions
of large earthquakes of magnitude 7 and over
in about the last eighty years.

1885 - 19685

@

Fig. 12. Space distribution of earthquakes
energy density in about the last eighty years.
Unit of values for contour lines: 3 X108 ergs/kms2.

the oceanic side. The seismic zones are called the outer seismic zones.
(2) The outer seismic zone along the Izu-Mariana arc is not so
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active except for the Kwanto region. The low activity in this zone
seems to have a relation to the high activity in deeper region (Mogi,
1968c).

(3) The most active regions are located nearly continuously in the
eastern part of the outer seismic zone, but discontinuously in the
western part, and both regions are bounded by the Izu-Mariana arc.
As pointed out by many investigators, both seismic zones are con-
siderably different in focal depths. The activity seems to be particularly
high in intersecting regions of each seismic zone, such as the region
off the south coast of Hokkaido, the Kwanto district, and the region
off the east coast of southern Kyushu.

(4) Another active zone distributes along the northwestern coastal
line of the Honshu arc. This zone is called the inner seismic zone.
The inner seismic zone is not clear for other arc. There are low active
zones between the outer and the inner seismic zones of Honshu, and
these three zones run parallel to the island arcs and the deep sea
trenches.

(6) An active zone from Nagoya to Fukui and an inactive zone
in the adjacent region cross the above-mentioned main parallel zones
at the central part of Honshu. These zones seem to have a connection
with the Izu-Mariana arc.

The active regions distribute discontinuously in the western part
of the outer seismic zone and the inner seismic zone, but this pattern
may be affected by the length of the investigated time interval. Some
of the inactive regions shown in these maps also may change to active
regions, if a long time interval is considered. However, the above-
mentioned outline of the seismicity will not change.

7. Summary

To study the process of occurrence of shallow earthquakes in and
near Japan, the space and the time distributions of focal regions of
large earthquakes and the earthquake energy density during the period
(1885-1968, May) have been investigated. The results are summarized
as follows: »

(1) During the last eighty years, earthquakes occurred with the
space distribution showing a close relation to tectonic structures of this
region.

(2) Great earthquakes in this region occurred to fill gaps of seismic
activity of thirty years and over, as pointed out in other circum-Pacific
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regions. It is particularly remarked that any large earthquakes of
magnitude 7 and over did not occur in the focal regions of great earth-
quakes during the preceding period.

(3) The seismic activity in the Kwanto and the southern Tohoku
districts, including the part of the outer seismic zone, is abnormally
low in the last thirty years. If the high activity in the preceding
fifty years in this region is considered, this result suggests a possibility
that great events may occur in the region in the near future.
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