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Abstract

Regularities in space and time distributions of recent seismic activity
in and near Japan are discussed from the standpoint that the earthquake
occurrences are a dynamical process. The recent seismie activity in the
Japanese region js interpreted as four great earthquakes or earthquake
groups and their fore- and aftershock sequences in a broad sense. Each
series shows the following typical pattern: In the period (several~
twenty years) just before a great event, the area where the great event
occurs is abnormally calm and its surrounding wide area becomes markedly
active (the foreshock activity in a broad sense). With the great event, the
above-mentioned doughnut pattern of the seismic activity disappears and
then the area in and near the focal region of the great earthquake becomes
active (the aftershock activity in a broad sense). The area and the duration
in which the foreshocks or aftershocks in a broad sense occur are very
large in comparison with those in a strict sense. The regularity mentioned
above may give a clue to predict the next great earthquakes. As another
regularity, the migration process of the focal regions of major earthquakes
in the Japanese region is again discussed. These regular features in the
earthquake occurrences may be interpreted as those of fracture pheno-
mena from the view-point of the fracture theory of earthquakes.

1. Introduction

According to the fracture theory of earthquakes as discussed by Mogi
(1967), earthquakes occur by fracture of the earth’s crust (including the
upper mantle) and the probability of earthquake occurrence is a function
of the stress (¢) and the fracture strength (S) which depends on the
mechanical struecture of the earth’s crust. When ¢ and S are nearly
constant in a considered period, earthquake occurrence will be stationary
in time. In many previous studies, the seismicity of wide areas has been
discussed from this standpoint. However, the generation of an earthquake
causes more or less some changes in ¢ and S. In particular, the changes
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should be remarkable for large earthquakes, as seen typically in their
aftershock phenomena. In this case, the seismie activity cannot be fully
understood as a stationary process, but it should be discussed as a dy-
namiecal process.

From this point of view, the recent seismic activity in and near Japan
was discussed in a preceding paper(Mogi, 1968e). It was found that great
earthquakes in the Japanese region occurred to fill gaps of the seismic
activity before them, as pointed out by Fedotov (1965) in Kamchatka-
northeastern Japan, and that no large earthquakes with magnitude 7 and
over occurred during about thirty years before these great earthquakes.
In this paper, a systematic change of the seismic activity before and after
great earthquakes is discussed in detail. According to the result, recent
activity in the Japanese region appears to be a dynamic process related only
to the four greatest earthquakes or earthquake series. Another regularity
related to a dynamical feature of seismic activity is the migration phe-
nomenon. Some cases showing clear migration are also discussed in this
paper.

2. Procedure of investigation and materials used

The procedure of investigation and the earthquake data used in this
paper are similar to those of the preceding paper (Mogi, 1968e). The
seismic activity is discussed based on the distribution maps of focal regions
of earthquakes with magnitude 6 and over for each period, although larger
earthquakes (M >7) only were located in the preceding paper. According
to the previous paper, the distribution of earthquake energy density is
approximately shown by the distribution of foeal regions of major earth-
quakes. A focal region of an earthquake was indicated by a circle with a
diameter calculated from the following equation (Utsu, 1961),

log D=0.5M—1.8,

where D is the diameter of circle in kilometer, based on the hypothesis that
the aftershock area corresponds to the focal region. For great earthquakes,
observed aftershock areas are indicated as their focal regions. It should
ke noted that the areal density of earthquake energy in the focal region
is higher in greater earthquakes.

The present discussion is limited to shallow earthquakes of focal depths
of 100km or less. When focal depths are unknown, they were assumed
to be shallow ones. 1In fact, focal depths of most earthquakes were shal-
lower than 60 km.

Earthquake data were adopted from the Magnitude Catalogue of Major
Earthquakes Which Occurred in the Vicinity of Japan(1885-1950)by Japan
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Meteorological Ageney or JMA for the period (1885-1925), Catalogue of
Major Earthquakes in and near Japan (1926-1956), (1957-1962) and
(1968-1967) by JMA and the preliminary seismological report by JMA for
the period (1926-1968). The present discussion is mainly based on recent
seismic data which are more accurate.

3. Linear location and systematic displacement of focal regions
of large earthquakes

According to the fracture theory of earthquakes, specific features
corresponding to those of fracture generation or propagation may be
.expected in earthquake occurrences. Two such features are linear location
and systematic displacement of earthquake epicenters.

(i) Linear distribution of earthquake epicenters

It is frequently pointed out that the focal regions of major earthquakes
locate linearly along some tectonic structures. Very typical examples are
seen in great fault regions in California and Turkey (e.g. Richter, 1958).
In both regions, most of the major earthquakes have occurred on a long
fault or its branches. In the Japanese region, also, there are some cases
showing linear locations of earthquake epicenters which can be connected
to known geological structures, but their lengths are small in comparison
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Fig. 1. Space distributions of focal regions of earthquakes in and around northeastern
Japan in the successive periods (1926-1927), 1928 and (1929-1930). closed ecircle: M >6.0;
«open cirele: 5.7<M<6.0.
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to that of the San-Andreas fault in California (e.g. Kishimoto et al, 1966).
However, the distribution of earthquakes in and near Japan is generally
different from that in California and Turkey. The most active areas are
located in belts along the Pacific coast of the Japanese islands (e.g. Mogi,
1968¢e). These belts are frequently wide and epicentral locations in the
belts are complex, so they cannot be connected to a single fault. Such a
typical case is seen in the outer seismic belt in northeastern Japan, which
is one of the most active regions in the world. In thisregion, earthquake
epicenters occasionally occur along a curved line, but this pattern changes
rapidly. Figure 1 shows an example in which the pattern changed from(a)
to (¢) during five years interval. Such behavior seems to suggest a complex
fracturing process in this highly active region.

The present study suggests a noticeable linear location of major earth-
quakes including several earthquakes which caused damage, such as the
Kita-Izu and the Imaichi earthquakes. Epicenters of shallow earthquakes
(M>6) of focal depths less than 30 km, which occurred in northeastern
Japan during the period (1926-1967), are shown by closed circles in Fig. 2.
In this figure, the linear lccation of earthquake epicenters in the hatched
zone (ab), which is about 500 km long, is indicated. Furthermore, earth-
quake epicenters east of the Pacific coast of Honshu form a wide active
zone parallel to the ab trend, and there is a marked non-active zone between
these two active ones. As mentioned later, the earthquake series that
occurred on the ab line shows a systematic migration from south to north.
Thus, it may be concluded that the linear location of this earthquake series
is not incidental, but it has a tectonic significance. The ab trend which
crosses the Honshu arc at Sanriku and is nearly continuous to the Kurile
arc does not strictly coincide with known geological structures, but it seems

Table 1. List of earthquakes _showing migration in northeastern
Honshi (along the ab line).

E:ﬁlexq?lgke Year (Jll)g.trle‘.) Epicenter Depth | Magnitude
‘ | CN)| (CE)| (km)]
Kita-Izu 1930 Nov. 26 35.1 | 139.0 0~5 7.0
Yamanashi-tobu 1931 June 11 35.4 | 138.9 0~5 6.0
Saitama-nanbu 1931 June 17 35.8 | 139.3 0 6.3
Nishi-Saitama 1931 Sept. 21 36.1 | 139.2 | 10~20 7.0
Tajima 1943 Aug. 12 37.3 1139.8 15 6.1
Imaichi 1949 Deec. 26 36.7 | 139.7 0~30 6.4
Imaichi 1949 Dec. 26 . 36.7 | 139.7 0~30 6.7
Shiroishi 1956 Sept. 30 37.95 | 140.55 20 6.1
Miyagiken-hokubu 1962 April 30 38°44/| 141°08/ 0 6.5
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Fig. 8. Epicentral distribution of
earthquakes (M >6.0, focal depths<30km)

Fig. 2. Epicentral distribution of
earthquakes, of which magnitudes are

greater than 6.0 and focal depths are less
than 30km, in and around the northern
Part of Honshid during the period (1926-
1967). Linear location of epicenters in the
hatched zone (ab) is remarked. dotted curves
in the land area: topographic contour lines

(1000m).

showing migration in northeastern Japan
(large circles). Numerals indicate years.
small circle: other earthquakes (M >6.0,
focal depths<<30km) which occurred in the
region during the period (1930-1967).
cross mark and broken curve: epicenter of
Kwanto earthquake 1923 and its focal

region.

to correspond nearly to the eastern boundary of the mountainous region
of Honshu. The parallel pattern in the ab trend is seen only at the
surface layer with depths less than 30 km, and it is appreciably different
from the pattern of epicentral locations of deeper earthquakes.

(ii) Migration of seismic activity

Under some stress distributions, the fracture propagates successively
in one direction from a starting point. Therefore, it is expected that
the migration of seismic activity takes place in some cases. However,
we have only a very few examples showing clear migration, as mentioned
in a previous paper (Mogi, 1968a), and so it is very important for inves-
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tigation of this phenomena to find more examples. In the previous
paper, systematic displacement of active area during the period (1930-
1935) in northeastern Japan was pointed out. In addition, three cases
in which a migration process is seen, are described below.

(a) Earthquake series from the Kita-Izu earthquake to the Miyagiken-
hokubu earthquake along the ab line (1930-1962)

This earthquake series along the ab line in Fig. 2 shows migration
feature, as shown in Fig. 3. Several major earthquakes, including the
Kita-Izu earthquake of 1930 (M=7.0), the Nishi-Saitama earthquake of
1931 (M=7.0), the Imaichi earthquake of 1949 (M=6.7), the Shiroishi
earthquake of 1956 (M=6.1) and the Miyagiken-hokubu earthquake of
1962 (M=6.5), of which magnitudes are greater than 6.0 and focal depths
are less than 30 km, systematically occurred along the ab line from south
to north. The migration path is about four hundred kilometer and the
mean velocity is about 12 km/year (Fig. 4). It is very interesting that
migration branch started from the epicentral region of the great Kwanto
earthquake of September 1, 1923, which is the greatest one in this region
during recent years. This fracturing process shown by the migration
branch may be interpreted as a branch of the great fracture of 1923.

(b) A series of large earthquakes including the Sanriku-oki earthquake
of 1988 (1931-1938)

All large earthquakes with magnitude 7.5 and over in northeastern
Japan during the thirty-two years
period (1924-1951) occurred within
the eight years interval before and km

after the Sanriku-oki earthquake, o

and their foecal regions systemati- B

cally moved from north to south, acol- ®
as shown in Fig. 5. This migration & e
branch partly overlaps that men- § | )
tioned in the preceding paper (Mogi, e ool /0 /,/
1968a), but it is different from the o [
previous one in a later stage. The - /?f

focal regions of the Sanriku-oki 7 e

earthquake of 1933, the Kinkazan- %;?*& ;;40 ‘ 19160
oki earthquake of 1936 and the Time
Fukushima-oki earthquake of 1938 Fig. 4. Distances from the epicenter

. he Kita-Izu earthquake of 1930 to each
re nearly continuous and the of t e
are nearly y epicenter of the earthquakes along the ab

suggest a successive pr(?gre551on line as function of time. double circle:
of a great fracture. This earth- Kwants earthquake of 1923.
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Fig. 5. Space distribution of focal Fig. 6. Space distributions of focal
regions of large earthquakes with magni- regions of shallow earthquakes (M >6.0)
tude 7.5 and over, which occurred in and which occurred in the Hytganada region
around the northern part of Honshi during and its adjacent area during the successive
the period (1924-1951). Numerals indicate periods (1954-1958), (1959-1963) and (1964~
years. 1968).

quake series will be discussed again later.

(¢) Earthquakes in the Hyuganada region and its adjacent area during
the period (1954-1968)

This active zone corresponds to the northern part of the seismic belt
along the Ryukyu (Nanseishoto) arec. The focal regions in three successive
periods are indicated by different symbols in Fig. 6. The successive dis-
placement of active area from southwest to northeast along the seismic
belt is indicated. The recent Hyuganada earthquake of 1968 (M="7.5)
also belongs to this migration branch. About the period before 1954,
it is difficult to point out such migration feature in this region.

Thus, the above-mentioned results including the previous one indicate
that epicentral distribution of earthquakes sometimes show a clear
migration feature, although it is not a commonplace event. This probably
corresponds to the systematic propagation of fracture of the earth’s
crust under some stress distribution. :

4. Seismic activity before and after great earthquakes

The energy released by a great earthquake is extremely large
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(~10*ergs.). For the occurrence of such a gigantic fracture, strain
energy accumulation into a very wide area in a long term may be
needed. This process should affect the seismic activity in and around .
the region, where a great earthquake will occur. If some special features
in seismic activity before a great earthquake are found, they may give a
key to predict the occurrence of great earthquakes. Until now, the in- -

Table 2. List of large earthquakes in and near Japan during the
period (1924-1968).
A. Western Japan (M >7.0)

E:ﬂﬁq%gke Year ( Jll)g'_t,f‘.) Epicenter Magnitude | Group
Tazima 1925 May 23 35.6°N|134.8°E 7.0
Tango 1927 Mareh 7 35.6 135.1 7.5
Hytuganada 1941 Nov. 19 32.6 132.1 7.4
Tottori 1943 Sept. 10 35.5 134.2 7.4
Tonankai . 1944 Dee. 7 33.7 1136.2 8.0
Mikawa 1945 Jan. 13 34.7 |187.0 7.1 (b)
Nankaido 1946 Dec. 21 33.0 135.6 8.1
Off Kii Penn. 1948 April 18 33.1 135.6 7.2
Hidakagawa 1948 June 15 33.8 |135.5 7.0
Fukui 1948 June 28 36.1 136.2 7.3
Yoshino 1952 July 18 34.45 |135.80 7.0(Mg)
Hyuganada 1961 Feb. 27 31°36/ |131°51” 7.0
Kitamino 1961 Aug. 19 36°01/ |136°46’ 7.0
Hytuganada 1968 April 1 32°17’ 1132°32/ 7.5

B. Eastern Japan (M >7.3)

g:?,;ﬁ q?like Year (Jl?g't%) Epicenter Magnitude | Group .
Off Aomori 1931 March 9 41.2°N|142.5°E 7.6
Sanriku-oki 1933 March 3 39.1 [144.7 8.3 ‘
Kinkazan-oki 1936 Nov. 8 38.2 142.2 7.7 I °
Fukushima-oki 1938 Nov. 5 37.1 |141.65 7.7 5 {c)
aftershock 1938 Nov. 5 37.15 |141.7 7.6 J
aftershock 1938 Nov. 6 37.5 |141.8 7.5
Off Aomori 1945 Feb. 10 40.9 142.1 7.3
Tokachi-oki 1952 March 4 42.15 1143.85 8.1 }(a)
Boso-oki 1953 Nov. 26 34.3 141.8 7.5
Sanriku-oki 1960 March 21 39.8 [143.5 7.5
Niigata 1964 June 16 38°217 1139°11/ 7.5
Tokachi-oki 1968 May 16 40°44’ |143°357 7.9

aftershock 1968 May 16 41°25’ 1142°51’ 7.5 ()
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crease of seismic activity before a great earthquake has been supposed by
many investigators. In a few cases, great earthquakes were certainly
preceded by some foreshocks. In most cases, however, any marked
foreshock activity could not be observed. The preceding papaer (Mogi,
1968e) showed that four recent great earthquakes in Japan occurred to
fill gaps of seismic activity before these great earthquakes. Similar
processes in the occurrence of great earthquakes were pointed out in
other regions (Fedotov, 1965 ; Mogi, 1968c).

In the present paper, some special features of seismic activity before
and after these great earthquakes are discussed in detail. Recent large
earthquakes in the Japanese region are listed in Table 2. This table
shows that the following four great earthquakes or earthquake series
() (b) (c) and (d) were predominantly great events in the region during
the last forty years.

(a) The Tokachi-oki earthquake of March %, 1952

The main shock was located off the southeast coast of Hokkaido.
The space and the time distributions of aftershocks were discussed in
the previous paper (Mogi, 1968b). Figures Tabcd show distributions of
focal regions of earthquakes (M>6) in northern Japan for the period
(1934-1942), (1948-1951), 1952 and (1953-1959), respectively. In Figs.
Tabd, the focal region of the Tokachi-oki earthquake of 1952 is shown
by a broken curve and the active areas are hatched. These distribution
maps suggest the following feature. During the nine years period just
before the great earthquake, no major earthquakes occurred in the focal
region of the great earthquake. Such low activity before the earth-
quake was already pointed out by Goto and Sakai (1965), Inouye (1965),
Utsu (1968) and Mogi(1968e) by different expressions. Another important
feature just before the great earthquake is the increase of seismic activity
in the surrounding wide area of the focal region of the great earthquakes.
Thus, it should be noted that the pattern of a doughnut type of the
active area is a special feature in the period just before the great
earthquake in comparison with patterns in other periods (1934-1942) and
(1953-1959).

(b) The Tonankai earthquake of December 7, 1944 and the Nankaido
earthquake of December 21, 1946

These two great earthquakes occurred off the south coast of the Kii
peninsula. The space and the time distributions of their aftershocks
were discussed in the preceding paper (Mogi, 1968b). Since their focal
regions are continuous and the time interval between them was only two
years, these two great earthquakes are regarded as a group in this
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Fig. 7. Space distributions of focal regions of earthquakes with magnitude 6.0 and
over, in and around the focal region of the Tokachi-oki earthquake of March 4, 1952.
(a): 1934-1942; (b): 1943-1951; (e): 1952; (d): 1953-1959. broken curves in (a)(b)(d): focal
region of the Tokachi-oki earthquake of 1952.

discussion. Figures 8 a b ¢ d show the distributions of focal regions of
major earthquakes in southwestern Japan for the periods (1910-1923),
(1924-Nov. 1944), (Dec. 1944-1947) and (1948-1967), respectively. The
focal regions of these great earthquakes are shown by a broken curve in
Figs. 8 a b d. The seismic activity in the period (1910-1923) was
not so high in southwestern Japan, and the active area was located in
a wide zone throughout the focal region indicated by a broken curve.
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Fig. 8. Space distributions of focal regions of earthquakes with magnitude 6.0 and

over, in and around the foeal regions of the Tonankai earthquake of Dec. 7, 1944 and the
Nankaido earthquake of Dec. 21, 1946.
(a): 1910-1923; (b): 1924-Nov. 1944; (c): Dec. 1944-1947; (d): 1948-1967. broken cureves
in (a)(b)(d): focal regions of the Tonankai-Nankaido earthquakes. Ta: Tango earthquake
of 1927; H: Hyiiganada earthquake of 1941; To: Tottori earthquake of 1943; F: Fukui
earthquake of 1948; D: Daishoji-oki earthquake of 1952.

However, in the period just before the great earthquakes (1924-Nov.
1944), the focal region of the great earthquakes was appreciably calm
and the surrounding area became very active. The great earthquakes
occurred to fill the gap of the seismic activity. After the great earth-
quakes, the doughnut pattern of the seismic activity disappeared and
the active region was located in and near the forcal region of the great
earthquakes.

The histograms of released earthquake energy in the focal region
(A) of the great earthquakes and their surrounding area (B) are shown
in Fig. 9. The activity in Region A during about twenty years before
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Fig. 9. Histograms of seismic energy release in Regions A and B (above)
and frequency of local swarm earthquakes at Wakayama (below). T: Tonankai
earthquake; N: Nankaido earthquake.

the great earthquakes was abnormally low, except for three earthquakes
(M>6) a few years before the great earthquakes. On the other hand,
the activity in Region B increased compensatively during the twenty
years period before the great earthquakes. Now, it is also an interesting
fact that the temporal variation of the seismic activity in the surrounding
region (B) is roughly similar to the frequency curve of local swarm
earthquakes at Wakayama which is located in Region A (Fig. 9). That
is, the number of earthquakes felt at the Meteorological Station of
Wakayama markedly increased after 1920 and temporarily decreased
during the period (1944-1946). It is probable that the swarm activity
indicates the stress level in the considered wide area.

(¢) The Sanriku-oki earthquake of March 2, 1933, the Kinkazan-oki
earthquake of November 3, 1936 and the Fukushima-oks earthquake of
November 5, 1938

The Sanriku-oki earthquake was one of the greatest earthquakes in
the world. The magnitude of the Fukushima-oki earthquake was 7.7 , but
the total released energy including aftershocks, which were abnormally
active, corresponds to that of an earthquake with magnitude 8.0. These
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Fig. 10. Space distributions of focal
regions of earthquakes with magnitude
6.0 and over, in and around the focal
region of the Sanriku-oki earthquake of
1933, the Kinkazan-oki earthquake of 1936
and the Fukshima-oki earthquake of 1938.
(a): 1920-1932; (b): 1933-1938; (c): 1939-
1951. broken curves in (a)(c): focal regions
of the Sanriku-oki and the Fukushima-oki
earthquakes.
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Fig. 11. Space distributions of focal
regions of earthquakes with magnitude 6.0
and over, in and around the focal region of
the Tokachi-oki earthquake of May 16, 1968.
(a): 1953-1960: (b): 1961-1967; (c): 1968.
broken curve: aftershock region a half
day after the main shock; dotted curve:
aftershock region three months after the
main shock; M: Miyagiken-hokubu earth-
quake of 1962; N: Niigata earthquake
of 1964.
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three great earthquakes occurred successively in the six years interval,
with clear migration feature, as mentioned in the preceding section, and
their focal regions were nearly continuous. Therefore, these three great
earthquakes are regarded as a group in this discussion. Figures 10ab
¢ show the distributions of focal regions of major earthquakes in north-
eastern Japan for the periods (1920-1932), (1933-1938) and (1939-1951).
The focal regions of the Sanriku-oki and the Fukushima-oki earthquakes
are shown by broken curves in Figs. 11 ae. Although a few earth-
quakes (M>6) occurred before the great earthquake series in their focal
regions, the activity in the focal regions was abnormally calm as compared
with the adjacent regions which were very active. In this case, also,
it is remarked that the calm area corresponding to the fccal regions is
nearly surrounded by active areas. After the great earthquake series,
the pattern did not show any remarkable relation to the focal regions
of the great earthquakes.

(d) The Tokachi-oki earthquake of May 16, 1968

The magnitude of this earthquake was estimated at 7.9 by JMA,
8.2 by Pasadena and 8.4 by Palisades. In the preceding paper (Mogi,
1968e), it was pointed out that the
foeal region estimated from the

_J HOKKAIDD”, = &, * aftershock area just after the main
@ " : $ shock is adjacent to the focal
@,,,f).:.',:?-? regions of the Sanriku-oki earth-
8, quake of 1933 and the Tokachi-oki

* N . earthquake of 1952, and the focal

region of this earthquake occurred
to fill a gap in the seismic activity
/ in the preceding forty-five years.
Figures 1l1abec show the distri-
butions of focal regions of earth-

2, quakes (M>6) in northeastern
. Japan for the periods (1953-1960),
. “’ © (1961-1967) and 1968. In the

] ] period (1961-1967) just before the
Fig. 12. Epicentrallocationsof shallow

earthquakes in and around the focal region
of the Tokachi-oki earthquake of 1968,
during the twenty years interval preceding
the earthquake of 1968. A broken curve
shows approximately the focal region of
the great earthquake. double circle: M >
7.0; large closed circle: 6.0<M<7.0; small
closed cirele: 5.0<M<6.0.

great earthquake, the focal region
of the great earthquake was ap-
preciably calm and the wide area
surrounding the focal region was
markedly active, as seen in the
above mentioned other cases. In
this case, precise seismie data in-
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Fig. 13. Temporal variation of the seismic activity in the area indicated
by a broken curve in Fig. 12 before the Tokachi-oki earthquake of May 16,
1968. M: magnitude; E: earthquake energy in ergs.

cluding smaller earthquakes are available and so a detailed investigation of
the seismic activity before the great earthquake can be made. Figure
12 shows the epicentral locations of shallow earthquakes in and around the
focal region of the earthquake of 1968 during the twenty years hefore
it. Figure 13 shows the temporal variation of the seismic activity in the
focal region. In this figure, an appreciable increase of the seismic
activity just before the great earthquake is not seen, but the activity
has rather decreased gradually since 1961, except for 1965 in which
two major earthquakes (M >6) occurred in the focal region. This result
indicates that the foreshock activity in strict sense did not occur before
this great earthquake.

5. The dynamic process in seismic activity

The above-mentioned results suggest a typical process in the seismic
activity before and after a great earthquake or earthquake series, as
follows. In the initial stage, the active area lies within a belt, without
any close relation to the focal region of the great earthquake. Certain
yvears before the great earthquake, the pattern of the seismic activity
changes markedly. The focal region of the great earthquake bhecomes
considerably calm, but the area surrounding the focal region becomes
highly active. Occasionally major earthquakes will cccur in the foecal
region a few years before a great earthquake. With the occurrence of
the great earthquake, the above-mentioned doughnut pattern of the
seismic activity disappears and aftershocks follow. A number of years
after the great earthquake, the pattern returns to the initial one.

The increased activity in the surrounding area before the great
earthquake may be regarded as a foreshock activity in a broad sense.
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Fig. 14. Comparison in length of the aftershock area (circle with
bar) and the foreshock area in a broad sense (rectangle). D: length of
area; M,: magnitude of main shock; a: Tokachi-oki earthquake of
1952; b: Tonankai-Nankaido earthquakes; c: Sanriku-oki, Kinkazan-oki
and Fukushima-oki earthquakes; d: Tokachi-oki earthquake of 1968.

From this point of view, the Tottori earthquake of 1943 (M=7.4), the
Hyuganada earthquake of 1941 (M=7.4) and even the Tango earthquake
of 1927 (M=17.5) are foreshocks of the Tonankai-Nankaido earthquakes,
and the Niigata earthquake of 1964 (M=7.5) and the Miyagiken-hokubu
earthquake of 1962 (M=6.5) also may be foreshocks in a broad sense of
the Tokachi-oki earthquake of 1968. The size of foreshock area in the
present hypothesis may be thought to be unexpectedly large. Certainly
the area is very much larger than known aftershock regions of these
earthquakes. However, the previous discussion about the size of after-
shock areas showed that the aftershock areas of Japanese great earth-
quakes are considerably smaller than those of earthquakes of the same
magnitude in other regions, such as Aleutian and Alaska (Mogi, 1968b).
Figure 14 shows that the above-mentioned foreshock area is rather com-
parable to the aftershock area in other regions. Therefore, it is probable
that the great earthquakes affect the seismic activity in such a wide area
before their occurrence, and so it is reasonable that the increase of
activity in the surrounding area before the great earthquakes is regarded
as the forerunning phenomenon of the great earthquakes in a broad
sense,

From this view point, the aftershock activity in a broad sense also
should be considered. That is, the Fukui earthquake of 1948 (M=7.83)
and probably the Daishoji-oki earthquake of 1952 (M=6.8) may be regarded




412 K. Moar

as aftershocks of the Tonankai-Nankaido earthquakes.

The time interval, in which the foreshock (also aftershock) activity
in a broad sense continued, was about twenty years for the Tonankai-
Nankaido earthquakes (1944-1946), and about ten years for the Tokachi-
oki earthquake of 1952. This time interval may be longer in the less
active region (southwestern Japan) than in the highly active region
(northeastern Japan). This could be due to the different stress rate in
these regions.

According to the above-mentioned discussion, the effective area of
the Tonankai-Nankaido earthquakes covers the whole area of southwestern
Japan, and the activity related to the great earthquakes continued for
about a fifty year interval. Therefore, the recent seismic activity since
1924 in southwestern Japan can be understood as a dynamic process,
including foreshock and aftershock series in a broad sense, of the
Tonankai-Nankaido earthquakes. Furthermore, a large part of recent
major earthquakes in and near Japan may be regarded as foreshocks or
aftershocks, in a broad sense, of the above-mentioned four great
earthquakes or earthquake series.

The above-mentioned seismic process before the great earthquake
may be understood as a fracturing process under a stress wihch continues
to increase in and around the focal region of the great earthquake,
as follows. In an initial stage, local fractures occur in the stressed
region. If the fracture strength of the focal region is higher than other
regions, the activity in the focal region decreases at an elevated stress,
and the surrounding area becomes very active, up to the occurrence of
the main fracture, namely the great earthquake, at the focal region.
With the main fracture, the fracturing activity in the surrounding area
suddenly decreases. The compensative occurrence of fractures in adjacent
regions was pointed out in a laboratory fracture experiment (Mogi, 1968d).
Furthermore, the decrease of fracturing activity (at the elevated stress)
just before the main fracture was also frequently observed in fracture
experiments on brittle materials with low degree of heterogeneity.

Although the main fracture in the above-mentioned four great earth-
quakes or earthquake series were not preceded by marked local fractures
at the central region, a few great earthquakes, such as the Chilean
earthquake of 1960, were preceded by foreshocks in a strict sense.
This difference in foreshock activity may be dependent on the structures
of the earth’s crust in the region, and so this may be a regional
characteristic, as pointed out for smaller earthquakes in and near Japan
in a previous study (Mogi, 1968). Although a very few data only are
available for great earthquakes, the situation may be analogous to that
in the smaller ones.
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6. Seismic activity in future

The occurrence of an earthquake more or less affects the mechanical
state of the earth’s crust by causing changes in stress and structure.
This effect is larger in greater earthquakes. The preceding discussion
showed that the great earthquakes seriously affect the seismic process
in very wide regions, and the process in relation to the great earthquakes
continues for an appreciably long time interval in comparison to the time
interval in which the seismicity is discussed in many cases. This result
suggests that the seismic activity cannot be adequately described as a
stationary process, but it should be analysed as a dynamical process.
Particularly, it is noteworthy that the important features of the seismic
activity in the Japanese region can appear to have a close relation to
the occurrence of great earthquakes. If the typical process of an earth-

PACIFIC OCEAN
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Fig. 15. 1: focal region of large earthquakes (M >7.0) wiheh
occurred during the recent thirty years interval; 2: foeal region of
earthquakes (6.0<M<7.0) which occurred during the recent ten years
interval; 3: focal region of earthquakes (6.0<M<7.0) which occurred
during the recent twenty years interval, except for 2; area surrounded
by chain or broken curves: seismic active regions during the recent
fifty years interval.
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quake occurrence is made clear from this point of view, some information
for the future seismic activity may be obtained, as tried by Fedotov
(1965) and the present writer (Mogi, 1968e). '

The above-mentioned discussion and the discussion in the preceding
paper (Mogi, 1968e) suggest the following regularities on the occurrence
of great earthquakes: (1) A great earthquake occurred to fill a gap in
the seismic activity during the preceding years. (2) In the recent four
great Japanese earthquakes, no large earthquakes with magnitude 7 and
over occurred during the thirty years period before the great earthquakes.
(3) The occurrence of the great earthquake is preceded by a marked
calmness in the focal region and an increase of the seismic activity in
the surrounding area. In Fig. 15, the focal regions of large earthquakes
with magnitude 7 and over during the recent thirty years period are
shown by cross-hatched area 1 and the focal regions of major earthquakes
with magnitude 6 and over during the recent ten years period and
the ten years before the period are shown by the hatched area 2 and
3, respectively. The areas surrounded by chain and broken lines are
the regions where large or major earthquakes occurred frequently
during the recent fifty years period. If the above-mentioned regu-
larities are applied to future activity, it is deduced that no great
earthquakes will oceur in the areas marked by 1 and 2. Therefore,
remarkable gaps within the areas surrounded by chain or broken lines
are noted as areas where great or large earthquake may occcur in future.
Some of them are indicated by dotted curves. In this figure, a marked
gap in the Kwantd region is also noticeable, as pointed out in the
preceding paper (Mogi, 1968e). It should be noted that the present
discussion is very approximate, because the above-mentioned regularities
have not been deduced from a sufficiently large number of cases.
Exceptional cases may be expected with some probability, since the
state of the stress and structure of the earth’s crust is very complex.

Appendix

In the preceding paper (Mogi, 1968e), the seismicity in and near
Japan was discussed based on the seismic data during the last eighty
years period. In the paper, the zonal distribution of the seismic active
areas along the arc systems was pointed out. Figure 16 shows the seismic
zoning which was described in the paper. The outer seismic zone, the
inactive zone and the inner seismic zone run parallel to the trend of the
deep sea trench, and the complex pattern of the seismic feature in the
Japanese region is interpreted as a complex of those of the Kuril, the
Honshu, the Rytukyu and the Izu-Ogasawara arc systems. However, the
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Fig. 16. Seismic zones in and near Japan, based on the distribution
of seismic energy released by shallow earthquakes.

following facts should be noticed: (1) These arcs are different from
each other in seismotectonic features. For example, the Kuril arc and
the northeastern part of the Honsh@ arc are more active than the
southwestern part of the Honshu arc and the Ryukyu are, as suggested
by the higher seismic activity and the deeper trenches, and the Izu-
Ogasawara are, of which higher activity is also suggested by its deep
trench and the high seismic activity at deep regions, is characterized
by its very low seismic activity at shallow depths. (2) The areas where
two seismic zones meet are the most active regions, such as the region
off the south coast of Hokkaido, the Kwanto district and the region off
the east coast of southern Kytushtu. The higher activity in the north-
eastern part of the outer seismic zone along the Honshu arc may be
attributed to interaction with the other two active arcs, the Kuril and
the Izu-Ogasawara arcs.

The above-mentioned seismic zoning and characterization may be
useful for discussions of a future seismic activity.
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16. AFECET 5 HEAOMEER O =0 IE#
(2) o KHENHOEL
it S S NI -

—OOHEDORE, hhdiehi, HEUS IO L HEROMBERED L (ki) » b1
bLl, ZTOHROHEEHCMENADOEHELE2 50 THD, & ICKEWHIE TR0 R
LW TChs. s, WEFRHORT, JUCERMARD DL L CTkinL, MR - 20
CELSDF 55D LT, HEysidhivic k- CTHL M ERS LELRE. 20k > kb
b, FWEOWEDEH>TWT, FEDBAROFOFDOHIEFRINC 2 6 5 HH - 22y
HANEA R U k. FORREARICTIR T 5.

(1) HRAMEL LT, HEOBRES LT 20D EEB IO HIA N S e, Hiz, 1930 45D
FE, S 80km DUROMSE (M26) AFE G G#HHE S —> OB ECRAIL, ALPEibE
(1930), PEEFEHLEE (1931), 4iffHbiZ (1949), BAHbRE (1959), SiBJLipHig (1962) :ibx
WICHAMEBE Loz AR IR, 20k 5 aBEhfick -, BEBOHIL
FFRErL b D Lot 2 b, FilT, 2OBE, FoWRER, 1928 EDRBIHTkHE OB FER
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b LIREEHTREZ L ThS. o L5 ik, BHEOEEORBE L CHEFTSZ L
MNTES, .
(2) F4E (1930 FLIE) BAFIDC L BRROMEZ L R HED /v~ A HEH 5
M, FORIROTEICE, ko L5 oRAlEBEN BRI, b, KHEORAORIEIEE
20 4ERY, KHIEORIER L 7c 2 HUROHEBEIN L - TETL, Tha i b il F—=Fy ViRo
IR OESNRRT S (KROTSEED) . RbEoRE L, F—7 v VIROTEDEEHEE
L, BRSO F OB HIROET RN (REOFEED & T, ERREBCERT5.

(3) ZHDLOEFONEXT HETETOEMR - BEGOAR DI, HEELLRTELIOKR
BNTELLRELR, KMEOMERFAL L CFoELLRL0AMND ThHD, FEOIME
DI EAEE, 2hbD 4 SOKHE (NI KHMED 7V —7) RUZOIEFEOREX G FRE LR
B EMNTXS.

(4) BiEFROAEHE I e R AR D iz, TWIRERIEFIh S EETHO 56 %
HETBT ENTES.




