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Large aftershocks of great earthquakes around the Japanese Islands

by

Kazuki MIYAOKA" and Akio YOSHIDA™

Abstract

The number of large aftershocks for great earthquakes with magnitude 7.6 or larger around the Japanese Islands is investigated.

In 13 great earthquakes since 1900, 8 were interplate earthquakes caused by the subduction of the Pacific plate, 3 were related to the

subduction of the Philippine Sea plate, and 2 were located in the eastern boundary zone of the Japan Sea. It is shown that the number

of large aftershocks following the 1923 Kanto earthquake was prominent except for the 2011 off-Tohoku Pacific earthquake. On the

other hand, relatively few large aftershocks were observed for the 1944 Tonankai and 1946 Nankai earthquakes which were also

caused by the subduction of the Philippine Sea plate. A weak linear relationship is recognized between the number of aftershocks

with magnitude 6.0 or larger and the moment magnitude of main shocks. Occurrence of many large shocks after the 1923 Kanto

earthquake is considered to reflect complexity of its fault motion.
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Table 1. List of great earthquakes with magnitude 7.6 or larger which occurred around the Japanese Islands since 1900.

name date Mj Number Mw
1 1923 Kanto 1923/09/01 11:58 7.9 31 7.9 *1
2 1933 Sanriku—oki 1933/03/03 02:30 8.1 12 8.4 *1
3 1944 Tonankai 1944/12/07 13:35 7.9 5 8.1 %1
4 1946 Nankai 1946/12/21 04:19 8.0 5 8.1 *1
5 1952 Tokachi—oki 1952/03/04 10:22 8.2 14 8.1 *1
6 1968 Tokachi—oki 1968/05/16 09:48 7.9 16 8.2 *1
7 1969 off Shikotan island 1969/08/12 06:27 7.8 4 8.2 *1
8 1983 central Japan Sea 1983/05/26 11:59 7.7 4 7.7 *2
9 1993 off southwestern Hokkaido 1993/07/12 22:17 7.8 3 7.7 *2
10 1994 east—off Hokkaido 1994/10/04 22:22 8.2 15 8.3 *2
11 1994 far—off Sanriku 1994/12/28 21:19 7.6 8 7.7 _*2
12 2003 Tokachi—oki 2003/09/26 04:50 8.0 7 8.3 *2
13 2011 off-Tohoku Pacific 2011/03/11 14:46 9.0 99 9.1 %2

*1 Chronological Scientific Tables (National Astronomical Observatory, 2011).
*2 Global-CMT catalog (The Global Central Moment Tensor Project).
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Fig. 1. Epicentral distribution of great earthquakes with
magnitude 7.6 or larger which occurred around the

Japanese Islands since 1900.
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Fig. 2-1. Epicentral distribution of large earthquakes with
magnitude 6.0 or larger that occurred around the focal
region of the 1923 Kanto earthquake within a year.
Earthquakes in the rectangular area are counted as

aftershocks.
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Fig. 2-2. Same as Figure 2-1 except for the 1933 Sanriku-oki
earthquake.
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Fig. 2-3. Same as Figure 2-1 except for the 1944 Tonankai

earthquake.
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Fig. 2-4. Same as Figure 2-1 except for the 1946 Nankai
earthquake.
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Fig. 2-5. Same as Figure 2-1 except for the 1952 Tokachi-oki
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earthquake.
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Fig. 2-6. Same as Figure 2-1 except for the 1968 Tokachi-oki
earthquake.
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Fig. 2-7. Same as Figure 2-1 except for the 1969 off Shikotan
island earthquake.
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Fig. 2-8. Same as Figure 2-1 except for the 1983 central Japan
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Sea earthquake.
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Fig. 2-9. Same as Figure 2-1 except for the 1993 off
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southwestern Hokkaido earthquake.
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Fig. 2-10. Same as Figure 2-1 except for the 1994 east-off
Hokkaido earthquake.
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Fig. 2-11. Same as Figure 2-1 except for the 1994 far-off
Sanriku earthquake.
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Fig. 2-12. Same as Figure 2-1 except for the 2003 Tokachi-oki
earthquake.
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Fig. 2-13. Same as Figure 2-1 except for the 2011 off-Tohoku
Pacific earthquake.

number of
aftershocks -

100 A

_-72011 <
_- off Tohoku Pacific

10 1
L 4
(4
® _-" 1944 Tonankai
_-7 - 1946 Nankai
1 T T T
7.5 8.0 8.5 9.0 Mw

3 M.OULDREHEE—AVEF-IY=Fa—F
DE%k, EREBREITNEN, D ZREIFE
B, BERED 2BERT, 1923 HRMTCITS

CORELRENMESF-—A. RLTsUEVHE
TL— bDik#HFAHITERT 5 1944 EREEMH
=& 1946 FRBHEORERIIDZ,

Fig. 3. Scatter plot between number of large aftershocks with
magnitude 6.0 or larger and the moment magnitude of
main shocks. Solid and dashed lines represent the least-
square regression and 2 times of the standard deviation,
respectively. Note that the 1923 Kanto earthquake
accompanied exceptionally many large aftershocks.
Numbers of large aftershocks were rather small for the
1944 Tonankai and 1946 Nankai earthquakes that were
caused by the subduction of the Philippine Sea plate
similarly to the 1923 Kanto earthquake.



1000

(a) 1923 Kanto

1000

1000

100 -

(b) 1933 Sanriku-oki

b=0. 80

(d) 1946 Nankai

b=0. 84

100

1000

1000

100 -

(e) 1952 Tokachi-ok i

b=0. 89

1000

100

(c) 1944 Tonankai

b=0. 98

b=1. 34

100

1000

100

2 (h) 1983 central Japna Sea &
'-..1993 off southwest Hokkaida

b=0. 76

1000

(j) 1994 far-off Sanriku

b=0. 79

100

7 L L 0eeee— L

O0—L00-0
4 5 6 7 8 9
M4 £h

Figure 2. A solid line represents the least-square regression line obtained by using cumulative number of earthquakes with

MS5.3 or larger.
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Fig. 4. Magnitude-frequency distribution of aftershocks for each great earthquakes within a year. The area is the same as that in
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Fig. 5. Top: Epicentral distribution of large earthquakes with magnitude 6.0 or larger which occurred in and around the Japanese
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Fig. 6. Epicentral distribution of large aftershocks with

magnitude 5.5 or larger which occurred within a year
after main-shocks of the 1952(gray) and 1968(white)
Tokachi-oki earthquakes.
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