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Abstract

Local migration of the seismic activity before and after the great
Sanriku earthquake of March 3, 1933 in northern Japan is described.
This remarkable migration pattern in the most active seismic zone in
the world is compared with that of the Anatolia earthquakes accompanied
by successive development of a great faulting system. The global
migration of the epicentral regions of the greatest earthquakes during
the last 80 years is summarized. The two northward migration branches
in the western part of the circum-Pacific belt and in the Sumatra-
Burma-Kansu-Baikal seismic zone and the one southward branch in the
south-eastern part of the circum-Pacific belt, which are confirmed by
certain evidence, suggest a clockwise rotational migration pattern in
the circum-Pacific belt and the surrounding area or a worldwide migration
pattern from the equatorial region to the pole regions. These migration
patterns may provide an important suggestion on the mechaism of
earthquake generation.

1. Introduction

The object of the present investigation is to study a regularity in
spatial and temporal distributions of earthquakes, particularly the syste-
matic migration of epicentral regions. Up to the present time, many
statistical studies have suggested migration and divergence of the seismic
activity in certain regions [Wadati, 1926; Terada and Miyabe, 1928 ;
Imamura, 1946 ; Inouye, 1948 ; Homma and Nagahashi, 1952; Duda,
1963 ; Iida, 1966]. Very Local divergence of epicentral regions has been
certainly observed in some aftershocks and earthquake swarms [Nasu
etal, 1931; Murauchi, 1949; Katok, 1966]. However, in the case of
migration in larger scale, which is very interesting in relation to the
mechanism of earthquake generation, many data in previous works were
inadequate to conclude the suggested migration patterns. In these
circumstances, this subject seems to have been left behind in modern
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seismology because of the lack of convincing evidence. However, whether
or not great earthquakes occur with regularity in space and time may
provide very important information on the mechanism of earthquake
generation and the possibility of statistical prediction of the oceurrence
of great earthquakes.

In general, uncertainty in previous studies principally comes from
insufficient data, complex distributions of earthquakes in space and time,
and high background noise. Now, it is most important to find the
convincing cases showing migration of seismic activity without any
uncertainty. In this paper, some remarkable migrations of epicentral
regions of great or greatest earthquakes are described based on the
systematic analysis of the published earthquake data.

The earthquake sequence in Anatolia since 1939 is one of the most
convincing cases, and has been fully discussed by other investigators
[Pamir and Ketin, 1941; Ketin and Roesli, 1953 Richter, 1958]. The
local migration pattern before and after the great Sanriku earthquake
of March 3, 1933 in northern Japan, described in this paper, is another
one. These two cases, in different tectonic regions, alpide and circum-
Pacific arc areas, are compared in this paper. Futhermore, another
finding from this study is global migration of the seismic activity during
the last 30 years. Recent change in the seismicity of the world seems
to be attributed to this migration pattern.

2. Procedure of investigation and materials used

As will be seen in later discussions, a remarkable regularity in
spatial and temporal distributions of large or largest earthquakes is
found in some cases, while no distinet mirgation in that of smaller
earthquakes for the same cases is to be found. Therefore, the analysis
of the number of earthquakes containing smaller ones cannot give a
significant result about this problem. The random occurrence of smaller
earthquakes may be partly due to incompleteness of the data. Furthermore,
it may be also attributed to the following reason: if migration of seismic
activity takes place by the transmission of energy, the regularity may
be reflected in the occurrence of the largest earthquakes which account
for a large percentage of the total seismic energy in a region, rather
than that of small earthquakes of which the total energy is less important.
The lowest magnitude over which migration was found is different for
different cases, probably dependent on the background seismic activity.
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For our purpose, it may be preferable that the released seismic
energy is analyzed quantitatively. However, such quantitative analysis
seems to have less significance, because uncertainty in magnitude deter-
mination seriously affects the result. Therefore, in this paper, epicenters
of large or largest earthquakes with magnitudes larger than a certain
limit occurring in successive time intervals are systematically deseribed.
The epicentral regions of these large earthquakes correspond to seismically
active regions where a large part of the total seismic energy in the
investigated area was released. This procedure is also affected by the
uncertainty in magnitude determination. In fact, the magnitude for the
same earthquake is determined differently by different methods, the
difference being particularly conspicuous between the surface- and body-
wave magnitudes. This kind of error is not appreciable within small
areas, but may be considerable in the worldwide comparison. To avoid
this uncertainty, the analysis of global migration has been made inde-
pendently on the two different data by different methods of magnitude
determination.

Earthquake data for the sequence before and after the great Sanriku
earthquake of 1933 in Japan were taken from the Catalogue of Magjor
Earthquakes which Occurred in and mear Japan (1926~1956) by the
Japan Meteorological Agency or JMA [1958]. The magnitudes of earth-
quakes in this catalogue correspond to the original ones in Seismicity of
the Earth by Gutenberg and Richter [1954].

As mentioned above, the global migration problem is discussed in
parallel based on the two different data from the following sources:
The earthquake list (Table I} in Rikanenpyo (Science Calender, Tokyo
Astronomical Observatory), edited by Kawasumi [1965] and Hagiwarae
[1967], which is mainly based on Seismicity of the Earth by Gutenberg
and Richter [1954], and the earthquake list (Table D) in Survey of
Earthquakes in Period 1897 ~1964 by Duda [1965], which is partly the
same as the earthquake list in Elementary Seismology by Richter [1958].
The magnitudes in Table R correspond to original ones by Gutenberg
and Richter [1954], and those in Table D are the magnitudes revised
by considering body waves. The latter magnitudes are frequently higher
than the former for great earthquakes. The lower limit of the earthquake
magnitudes in the present investigation is 8.2 for Table D and 8.0 (7.5
in one case) for Table R.
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3. Migration of seismic activity before and after the great
Sanriku earthquake in north-eastern Japan (1930~1935)

3-1. Previous works

Previous studies on migration of the seismic activity in the north-
eastern part of the outer seismic belt in Japan have been made by
Wadatt [1926], Imamura [1946], and Homma and Nagahashi [1952].
Among them, Homma and Nagahashi studied most systematically the
change in the spatial distributions of earthquake epicenters in and near
Japan during the period 1926~1948 and they pointed out several migration
patterns of seismic activity. One of them approximately coincides with the
migration pattern described in this paper, but unfortunately their results
seem to be too indistinct to conclude a definite migration pattern. The
difference between their results and the present results is attributed to
the following difference of the procedure of analysis: Homma and
Nagahashi used the number of major felt earthquakes including smaller
earthquakes (magnitude M=4~5), but the present analysis has been
made for larger earthquakes (M>5.6). As will be mentioned below, the
epicentral region of larger shallow earthquakes (M>5.6) systematically
migrated in the period and the region concerned, but smaller earthquakes
randomly oceur without any systematic regularity. Accordingly, it is
easily supposed that the regularity in larger earthquakes was masked
by the inclusion of smaller ones.

3-2. Epicentral distributions of earthquakes in the successive periods

Fig. 1 shows epicentral distributions of shallow earthquakes (M >6)
which ocecurred in the north-eastern part of Japan and its vicinity during
1926~1965, together with the submarine topography. Large numbers
of earthquakes occurred between the Pacific coast of Japanese islands
and the Japan trench. The great Sanriku earthquake of March 3, 1933
occurred at the eastern boundary of this active zone, corresponding to
the eastern wall of the Japan trench. The magnitude of the great
Sanriku earthquake was 8.3 in the catalogue by JMA [1958] and 8.5 in
Seismicity of the Earth by Gutenberg and Richter [1954]. The table
in Elementary Seismology by Richter [1958] gives the largest value (8.9)
by considering body-waves.

The earthquake sequence showing migration began to oceur off the
south coast of Hokkaido in 1930. The epicentral distribution of earthquakes
in successive time intervals during the period January 1, 1930 to September
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Fig. 1. Epicentral distribution of shallow earthquakes, which
occurred in north-eastern Japan during the period 1926~1965, with
the submarine topography.

30, 1935 are represented in Figs. 2a~e (Table 1). Large, intermediate
and small circles indicate the following magnitude range: M=>7, 7>
M>6, 6>M>5.6, respectively.

1) January 1, 1980~October 31, 1931. Eight earthquakes including
one large earthquake (M=17.6) occurred near the south coast of Hokkaido.
In this period, no earthquakes with the considered magnitude occurred
in the south part of the considered area.

(2) November 1, 1981~March 2, 1983. Fourteen earthquakes occurred
in this period. Most of the larger earthquakes occurred to the south-
east of the active region in the preceding period. Three earthquakes
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Fig. 2a~e. Epicentral distributions of earthquakes in north-eastern Japan in successive
time intervals.
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occurred at the Pacific coast of
Honshu. In this period, the south-
ern part of the considered area
was also ecalm.

(3) March 8, 1933~Jumne 18,
1983. The great Sanriku earth-
quake occurred at the south of
the active region in the preceding
period. The epicenter is situated
at the eastern wall of the Japan
trench. Directly after the great
earthquake, numerous aftershocks
followed it. Large aftershocks
distribute in the two directions
from the epicenter of the main

407

38°)

o shock, to the northwest and the
w § Qurel9,1933-Aug 3119341 | southwest. These earthquakes in
@ Seot. 1, 1934-Sent 301935 : . .
NS
L , . . —| this period were situated on the

140° 145°

e south of the active region in the

preceding period.

4) June 19, 19883~August 81, 1934. The epicentral region in this
period developed further in the southwest direction from the epicenter
of the great Sanriku earthquake. This pattern coincides with one of
the abovementioned branches of the aftershock region. In this period,
the northern part of the considered area was very calm.
(5) September 1, 1934~September 30, 1985. The active zone in the
preceding period developed again in the southwest direction. Two
earthquakes occurred in the Kwanto region. During the later stage
of this period, several earthquakes began to occur near the southeast
coast of Hokkaido after a long calm period.

Fig. 3 shows also systematic changes in latitude of earthquake
epicenters in the considered area during the period 1930~1935.

From these results it may be concluded that the seismic activity
certainly migrated from north to south during the period.

3-3. Migration pattern of seismic activity

Migration of the active centers in each time interval is summarized
in Fig. 4. According to this figure, the active centers moved in the
southeast direction from the south coast of Hokkaido since 1930 and




60 K. Moar
Table 1. List of earthquakes occurred in north-eastern Japan
(86.6°N~43°N) during 1930~1935.
Year Date (J.S.T.) Epicenter Depth Magnitude
°N) (°E) (km)
1930 July 20 42.2 144.7 20 5.8
Aug. 21 411/ 1481/ 60 6.1
Dec. 13 4923 1421/ 20~40 6.1
24 42.3 144.1 20 6.5
1931 Feb. 17 "42.3 142.6 40 6.8
March 9 41.2 142.5 0 7.6
10 40.5 143.0 20 6.0
16 40.4 143.2 40 6.0
May 15 41.0 1431/3 20 5.7
Nov. 4 39.5 141.7 0~10 6.1
1932 June 3 38.2 141.8 40 5.9
3 40.2 142.2 40 5.7
4 41.0 143.3 40 6.0
30 40.2 144.0 60 5.8
July 10 40 14515 30 6.1
16 41.7 142.3 40 5.6
Sept. 3 41 1481/2 50 6.6
4 40.8 143.6 50 5.6
5 41.0 143.1 40 5.8
Nov. 26 42.4 142 .4 40 6.8
Dec. 20 4125 1432/ 20 5.8
1933 Jan. 4 401/ 1441/ 0~40 6.4
7 40.0 144.5 20 6.8
8 40.8 144.5 40 6.2
March 3 39.1 144.7 0~20 8.3
3 40.0 144.0 s 6.5
3 39.0 144.0 0 6.5
3 40.0 144.5 40 6.0
3 391/ 1431/3 20 5.8
3 391/ 144.0 60 6.7
3 391/ 1441/ 30 6.1
3 39.1 144.0 30 5.8
3 39.1 144.1 20 5.9
3 392/ 144.1 30 5.6
3 383/, 1433/ 40 5.9
4 38.8 143.7 30 6.0

(to be continued)
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Table 1. (continued)
Year Date Epicenter .Depth Magnitude
(°N) (°E) (km)

1933 March 4 392 14323 30 5.9
4 39 144 20 5.9
4 391/ 144.0 20 5.6
8 38.7 143.2 20 6.3
April 2 391/s 143.5 0 5.9
2 3912 1441fy 20 5.8
2 3935 14323 40 5.6
9 391/, 14413 40 6.2
9 401/4 1431/2 20 5.8
9 40 144 0 6.0
19 39.3 144.0 0 5.9
23 39.0 144.5 0 6.4
June 9 40.3 144.2 0 6.2
13 38.7 142.0 40 5.8
14 41 143 20 5.9
19 38.1 142.35 20 7.1
July 10 39 1441)2 40~50 6.3
21 381/s 144.0 60 6.2
Aug. i 39.7 144.6 60 5.8
29 37.7 141.8 40 5.8
Sept. 21 39.0 144.0 40~60 6.1
21 382/ 144.0 40~60 5.8
22 39.1 144.0 20 5.7
1934 Jan. 29 37.8 14425 40 5.7
Feb. 11 37.1 1421/5 40 5.8
April 7 37.3 141.6 60 6.5
May 20 39.4 1441/3 40 5.8
July 12 38.6 144.4 60 5.9
Aug. 3 40.2 142.3 10~20 5.9
Oct. 6. 4112 143.8 40 6.1
6 4113 1431/3 20~40 5.6
1935 March 31 37.6 142.0 50 6.3
July 19 36.7 141.38 0 6.5
Aug. 27 39.5 144.0 40 5.8
Sept. 11 42.7 145.1 60 7.1
18 42.0 143.1 30 6.8
18 41.8 143.0 40 6.0
19 41.0 143.4 40 5.6
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Fig. 3. Latitudes of earthquakes hefore and after the great Sanriku
earthquake of 1933 as a function of time.

met with the Japan trench which is the eastern boundary of the outer
seismic zone in Japan. On March 3, 1933, the great Sanriku earthquake
occurred at the meeting place between the Japan trench and the migration
path. After this great event, the direction of migration changed
discontinuously toward the southeast. This pattern developed up to the
Pacific coast of Kwanto, crossing the western slope of the Japan trench.

In Fig. 5, the areal density of epicenters of shallow earthquakes
with the magnitude 6 and over occurring during the period 1926~1965
is indicated by contour lines and the epicenters of earthquakes (M >6)
in the abovementioned sequence showing migration are shown by closed
circles. It is very interesting that the abovementioned migration path
of seismic activity nearly coincides with the most active zone in this
area during the period 1926~1965. The total distance in this migration
was about 800km and the average velocity of migration was about
150km per year.

3-4. Discussion

Since earthquakes (M >5.6) which do not belong to the investigated
sequence showing migration were fortunately extremely rare in the area
during the period 1930~1935, the simple migration of seismic activity
may be concluded without any uncertainty. This migration pattern
before and after the great Sanriku earthquake is appreciably different
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Fig. 4. Epicentral regions and active Fig. 5. Contour lines show the areal
centers in each period. density of epicenters of shallow earthquakes
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3: March 3, 1933~June 18, 1933; 4: earthquakes (M>6) in the investigated
June 19, 1933~August 31, 1934; 5: Sep- sequences - denoting migration.

tember 1, 1934~September 30, 1935.

from that of the Anatolia earthquake sequence at some points.

In the Anatolia sequence [e.f. Richter, 1958], the largest earthquake
(M=8.0) occurred at the initial stage (December 26, 1939) and several
earthquakes successively occurred along a great fault system in the
following years (Fig. 6). In Fig. 7, the distance from the epicenter of
the great earthquake (39.5°N-38.5°E) to epicenters of each earthquake
along the fault is plotted against time. The migration rate was high
just after the great earthquake and then considerably decreased. The
average rate is about 50-100km per year. Their epicenters fall closely
on the fault line. The westward migration of epicentral regions may
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Fig. 6. Epicenters of earthquakes with magnitude 7 and
over in Anatolia since 1939. Broken lines show simplified fault

traces.

be attributed to the progressive
development of the great fault
system slightly curving around the
northern margin of the Anatolia
mass.

On the other hand, the pattern
in the Sanriku sequence is more
complex. The principal earthquake
occurred at the middle stage and
the direction of migration changed
discontinuously before and after
the great earthquake. The epi-
centers distributed in a wider zone
around the migration path of the
active centers. This migration
pattern can not be explained as
the successive development of a
single fault system in block strue-
tures, but it does suggest the
progressive pattern of the areal

1200 - Anatolia .
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Fig. 7. Distances from the epicenter
of the first great earthquake of December
26, 1939, in Anatolia to each epicenter of
the following earthquakes along the fault
system, as a function of time.

fracturing. This difference in migration pattern may be attributed to
the difference of the mechanism of earthquake occurrence between the
most active region in island ares and the moderately active region with

block structures.
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4. Global migration of seismic activity

4-1. The period 19835~1964%

Fig. 8 shows the geographical distribution of epicenters of great
earthquakes with magnitude 8.2 and over, during the period 1900~1964
(Table D). The majority of the great shallow earthquakes occur in
the cireum-Pacific belt. Most of the remaining great shallow earthquakes
oceur in the central area of Asia between the Alpide belt and the
Pamir-Baikal seismic zone. Dudae [1965] pointed out another branch
of the seismic zone in this area, the Baikal-Kansu-Burma seismic zone,
which is also suggested by the migration pattern mentioned below.
This zone parallels the western part of the circum-Pacific belt passing
through Japan, Formosa, Philippines and Celebes. The epicenters in the
circum-Pacific belt form a linear structure. A chain line in Fig. 8 indicates
the axis of this belt and numerals on the line show the distance (in km)
measured along the chain line from Cape Horn in South America, which
will be used in the following discussion. The present investigations
of the distributions of shallow earthquakes in space and time suggest
a systematic change of epicentral regions during the last 30 years.

. \4\/30000

i
b’"f\asooo km
4

Fig. 8. Epicenters of great shallow earthquakes with magnitude 8.2 and over
during the period 1900~1965 (Table D). Closed circle: focal depth<100km; open
cirele: focal depth>100km. A chain line shows the axis of the- circum-Pacific
seisme belt and the numeral indicates the distance in km measured along the
chain line from Cape Horn, South America.
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Earthquakes with focal depths greater than 150km are omitted in this
discussion. Fig. 9 represents the epicentral distributions of great
earthquakes (M>8) in successive periods since 1935, based on Table R.
Activity in the western part of the circum-Pacific belt and the Sumatra-
Burma-Kansu zone successively migrated from south to north. In the
last ten years, five great earthquakes occurred at the northern part
of these seismic belts. It is very interesting that migration took
place simultaneously in both belts. Another branch in the southeastern
part of the circum-Pacific belt seems to show the southward migration
with some irregularity. Before the investigated period {1985~1964), a
great earthquake occurred on the Pacific coast of Mexico in 1932, which
is the only great earthquake occurring in the area during the period
1930~1934. This may belong to the abovementioned earthquake sequence
showing migration.

Fig. 10 is another expression showing the location of migration of
epicentral regions as a function of time. The ordinate shows the distance
(in km) measured along the axis of the circum-Pacific belt from Cape
Horn in South America. Circles show earthquakes within the narrow
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Fig. 10. Distribution of great shallow earthquakes (M>7.9)
in space and time since 1935 (Table R). The distance in the ordinate
is measured from the southern end of South America (Cape Horn)
along the axis of the circum-Pacific belt. Circles show earthquakes
within the narrow zone of the circum-Pacific belt and vertical bars
show earthquakes in surrounding regions, including the Burma-
Kansu seismic zone. Large closed circle: M>8.3; small closed
circle: 8.0<M<8.3; open circle: M=T7.9; bar: M=8.0.

belt and vertical bars show earthquakes in® the surrounding regions,
including the Burma-Kansu seismic zone. This figure also indicates
that epicentral regions have migrated in two groups along the circum-
Pacific belt, although a few earthquakes occurred in isolation.

Fig. 11indicates epicentral distributions of earthquakes with magnitude
7.5 and over in the central area of Asia in successive time intervals
during the period 1935~1964 (Table R). As will be seen from this
figure, epicentral regions of smaller earthquakes (7.5<M<8.0) migrated
successively from south to north simultaneously with those of the
greatest earthquakes in this area and the western part of the circum-
Pacific belt. This migration pattern reaches to the Caspian Sea. In
this figure, the Sumatra-Burma-Kansu-Baikal seismic zone is very clearly
marked. According to those investigations, the lowest magnitude over
which migration was found was 7.5 in this zone, but 7.9~8.0 in the
circum-Pacific belt. This difference between both seismic. zones may
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Fig. 13. Summarized global migration patterns of seismic activity
during the last 30 years.

be related to the fact that the background seismic activity is higher
in the circum-Pacific zone than in the central part of Asia.

As mentioned above, the magnitude for the same earthquake is
sometimes different in different tables. To avoid errors from uncertainty
in magnitude determination, the earthquake data in Table D [Duda, 1965]
have also been analyzed, in which the magnitude is given with Richter’s
revised scale considering body waves. The epicentral distributions of
great earthquakes with magnitude 8.2 and over based on this table are
represented in Fig. 12. The same migration patterns noted in Fig. 9
can also be clearly seen in this figure. The agreement of both results
gives evidence of high reliability of the present conclusion.

The three migration patterns, mentioned above, are summarized in
Fig. 13. They suggest the clockwise rotational migration of seismic
activity in the circum-Pacific belt and the surrounding areas. On the
other hand, these patterns may be arranged as the changes in latitude
of great earthquakes. TFig. 14 shows the latitude of earthquakes as a
function of time in each branch (Table R). Latitude increases simultane-
ously from zero both in the northern and southern hemispheres. Ac-
cordingly, the observed result can be arranged as a worldwide migration
from the equatorial region to the pole regions during the last 830 years.

4-2. The period 1900~1934

As mentioned above, the global migration of seismic activity during
the last 80 years is strongly suggested. Now, it is very interesting
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Fig. 14. Latitudes of earthquakes as functions of time
(Table R). A: western part of the circum-Pacific belt; B:
Sumatra-Burma-Kansu seismic zone; C: south-western part of
the ecircum-Pacific belt. Large circle: M>8.0; small circle:
7.5<M<8.0.

whether or not this pattern is a part of a long-term migration system.
Fig. 15 shows epicentral distribution in space and time during the period
1900~1964 based on Table D, which seems to contain the most complete
list of earthquakes during the period 1900~1934. The ordinate of this
figure is the distance along the circum-Pacific belt, as in Fig. 10.
Earthquakes are limited to the great shallow ones which occurred in
the circum-Pacific belt. The migration of seismic activity during the
period 1935~1964 can also be clearly seen, but the epicentral distribution
in the preceding period is not continuous with the migration pattern
of the period 1935~1964 and is more complex. This complexity may
be related to the fact that the seismic activity was extremely high at
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Fig. 15. Distribution of great shallow earthquakes (M>8.2), which occurred
in the circum-Pacific belt during the period 1900~1964, in space and time
(Table D). The distance in the ordinate is measured from the southern end of
South America along the axis of the circum-Pacific belt. A and C correspond
to the migration branches in Fig. 10 and broken lines show the boundary between
active and inactive regions. Large circle: M>8.5; small circle: 8.2<M<8.5.

the beginning of this century and gradually decreased until the present
time, as pointed by Duda [1965]. However, some regularities can be
noted even in the period before 1934. Fig. 16 shows epicentral distri-
bution in successive time intervals during the period 1897~1930. Although
epicenters were spread out in a wide area, seismic activity migrated
from north to south. Further, in Fig. 15, the boundary between the
active and inactive regions in the northern part of the circum-Pacific
belt also shifted from west to east during the period 1910~1930. Thus,
although the distributions of epicenters in space and time during the
period is too complex to be ascribed to any simple migration pattern,
they suggest that the greatest earthquakes did not occur independently.

4-3. Daiscussion

As mentioned before, the local migration in Japan and Anatolia may
be reasonably explained as successive development of faulting or fracturing
of the earth’s crust. However, the abovementioned global migration of
seismic acivity is difficult to interpret with known mechanisms. A large
part of the seismic energy in the world during the last 30 years was
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released in the abovementioned
regular pattern. Since such
global long-term migration can-
not be the results of secondary
causes, such as triggering actions,
the present result suggests the
global transmission of the main
part of the energy source, such
as the slow propagation of stress
waves in plastico-elastic media.
If the global migration in the
recent years is accepted, we can

draw the following coneclusions : O 1897 — 1900

(1) The seismic activities in @ 1901 —1910

eachregion were not independent, ® [911—-1930 °
but had a close relation with each Fig. 16. Epicenters of great earthquakes
other, particularly within each (M>8.2)in America in successive time intervals
branch of migration. during the period 1897~1930 (Table D).

(2) The seismic energy was supplied not only from the deep region
directly under the seismic region, but also in lateral directions from
distant areas.

(8) The velocity of migration was considerably large, 150 to 270km per
yvear, so that this transmission of seismie activity is not attributable to
thermal processes, such as conduetion or mantle convection, but may
be due to mechanical processes, as mentioned above. This result supports
mechanical theories on earthquake generation mechanisms, such as the
fracture hypothesis [Mogt, 1967], better than the phase change hypothesis
[Evison, 1963], in which thermal processes are important.
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4. W EFE G o % 6
wEREHR R OK WE R

HFE OBIFIR AN & TERC BT 258035 20 E 9 e v ) B, HE DA 2T
+ % Eic %E?]@L'C, L POEL DAL - THE BN TER. RBHMOFKROBER, ik
B O RHE BBz 2T, 2, 3 ok VHRABIIOFNEEIR TV 52, &bEES
BHORECHBORBELABENIZEL TIX, THETWL onao.ﬁiimﬁ%ék LIHY, 0
TEhE, BEIEERTICRTRTESAGANRE L, BIBHEECERSEBFIIRIERITOR .
E-T, ZORBEIZOWTIE, MEEREOBEI 2 EREEsFE R TLAHLT, *
OREFHEEZHA LTS Z L BNEETH 5.

AL TIE, Wicih3, 1933 4¢3 § 3 B 0 ZREMKHIBETEK 6 EFOBEI R UNEE 30 £
OEKME O BRI OIS B 288N W THT 5.

(1) 1933 EO=EdAHERTE O TH

M 25 5.6 YE6 DL O REVCIBIRERT 2 L, ZOEENR 1930 4 1 A 7 55 6 4£7
Oz, ALUEER R b A H AL E CREICE T Lz s h 5. Bz, TofEEp
DTERET AL, 5, EEREANS SERFRIREE L, RS EAEECET 2T
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KHBEREEL, F0%, FEFEECI L CEEREFRBIGEL. ZOBBIREIX, ZOHuk
DY AAIVFADRELEAHEL—FH LTS, ZOHIRT, E»r0#iEicovTik, Zox
BRI TG BN O RFAEENIE D bl o Tz,

2) BEXMEOXRIELEE

M R 8HiNELRIU LOBERMBOBEIRI, 1935 L0 30 £RICREMCBEILI.Z L
FREA L. (M BPECASVHIEBIR DV TE, BREASD B0 EENRIT M EHEZZ L L, B
HBZINE —~OFERNEL, EREHOBEERE0HEEN S, KMBZR ORI
AR ShEv 0T, SEOREC»SOEMNIZA, EEFORZ VFRTHATHS.) &
WY, M OBREOIRHEE S ICHBSNATREMERLZDOT, Zo0RAEZHE (FEK L HZ KL
BB HE) k> TR O M ORIC) LS TS IRIT L TEORBENZLAEE LB
T EMED. Zofmic ksl 1935 Enb 30 £, (A) AV FRVToHEE-BAF T Y
W=7 F52H, (B 2 brFoEnvSLH0, BY (C) HE->R——F Y =20 HHEIRS]
PBERD LN, THRBAKEEMBHICROKRHEY o FmoBE LRz b Mks L, 72, R
B SHEIEOEERICAA S BEE RS2 L biHES. wIhict X, ThLDETOERHED
FEAET, FAMNIZEI o7ERBXV Y, WREBEL L o 7c—20BEFHR Licl-> TR
ol B bRB. 1985 ELRIOHEI OV Tk, FOBEOEEEMERE TR EL, kdo
¥R IR bhins end, o B0 7 — 3 kR b0 TRV EHEE
Ehb.

PlEofERiz, 1939 LD Anatolia HiBEOFIZMEL 5 L, LIXLHBORFEIROKRE LY
ORI EERS L . HEORZ V50 Z ok i, HMERERIELESTINEA0HE
ERFHVEEZ S EEDRS.




