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The Japan Meteorological Agency (JMA) relocated‘ hypocenters for events occurring in Japan.
and its vicinity from 1926 to 1960. The numfer of events .relocated amounts to about 20,000 ,
which is more than three times as many as that of hypocenters given in the former catalogs
issued by JMA.

Based on the new data,- a statistical study on aftershocks for some major earthquakes is con-

) duqfed in order to:compare with statistical results previously given by many seismologists.
The study is made using ‘data of major earthquakes which occurred from 1961 to 1978, too.

Main results obtained by the present study are as follows :

1) Whereas an area of aftershocks during 10 days from the occurrence of main shock whose
magnitude is less than 7 harmonizes well with that predicted by Utsu-Seki’s equation, an area
of aftershocks whose main shock magnitude is 7 and larger is rather wider than the predicted
one..‘ » ‘

2) An area of aftershocks during 100 or 1,000 days from the occurrence of main shock which
takes place under the ocean bottom is generally wider than the predicted one. The evidence ‘may>
be explained b§' the difference in the focal mechanisms and the detection capability for events
occurring under theé ocean bottom and land in and near Japan. N '
3) In general, aftershocks occur in an elliptic area, and the main Qshock locates not in the

central part of the area but near the margin. The aftershock area expands usually along the
major‘axis of the elliptic area. Ratios of the area of.aftershocks in 100 days from the occurr-
ence of the main shock to the area in 1, 10 and 1,000days are 2, % and % in the average.

45 There exists a géod réla_tionship between the direction of major axis andvthe azimuth of
slip vector of the main shock‘estimated from the analysis of focal mechanism. This may make it
possible to pr\edict the major axis of elliptic area of aftershocks immediately after the occurr;
ence of a major earthgnake. '

5) The aftershock activity is characterized by the 5 value which is- evaluated from magni-
tude - frequency relationship. The value was obtained forf4§') of 106 events used in the present
study, and the mean value is 0.85. It is interesting that the individual values exhibit a remar-
‘kable regional variation. More concrete, whereas the values for events occurring under the
ocean bottom is generally larger than ‘the mean value, those for events in land are smaller than

the mean value.

*  Received Aug. 1, 1982.
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Fig.4. Magnitude vs. area of aftershock region for various time intervals, and directions

of major axis of aftershock regions and mechanisms of main shocks.
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, © I event which occurred under the Ocean bottom and in land. Q : Quadrent type,
R : Reversefault, N : Normalfault, U : Undetermined
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~Tab. 1, Parameters for main shocks, areas of "aftershock -regions for various intervals from 1, 10, 100, -
and 1,000 days after the occurrence of the main shock, focal parameters of main shocks, and 5

values for aftershock activities.

- 349 4

:Occur:repce: tlme(L:IS'.I‘) ,l§ng;.(E) lat.:(N) " wl s, S| Sue Sucon plar:neAT plax;e B pr | FM ',L/Q .
year | mon.: day  hour ; min,|| -0 ! 7| o : 7 | . : : - d-di dipj d~d . dip | - 2 .

: P P . ; km|' kmb| kit km’ kmi | i °f ~oi©
19270 3 7. 18| 27135 09| 35i32] o0 | 7.3 1.200| 1,800 | ‘2,500 | 3,400 L | 0.69
1028 | 5. 27 18 | 50| 143| 15| 39: 57| 40| 7.0| | 8200 8 200 0 ’
1920 | 3 28| 01 | 32 140; 28| 35: 02| 00 | 52 900 T 0
1930 5 1 09 | 58141 09] 35 45| 00 | 6.6 . 650 580 30 | 238 60| R | D| O
1930} 11 i 26 04 ; 03 139} 03] 35105 00 | 7.3 480 700-| 1,200 [ 81{ 9 | 171i 90| Q| S| L.
1930 | 12 020 ; 23 ; 02| 132} 37| 34 49'| 30 | 6.8 180 389 | 1280 90| Q| S| L
1931 3| 9 12 49| 142 30 41 12| 00| 7.1 2,000 T 0
1031 | 6| 11 | 15 | 16 138, 57| 35; 31| 00 | 5.9 150 230 15,9 | 106, 90| Q| S| L y
T1931F 9 21 ; 11 . 20 139} 14| 36:09] 00| 69| - 280 | 450 | - 650 700 | 80} 90 | 170; 9| @ | S| L Jo.77
1931 11 2 19 | 03] 132] 28| 32, 15| 40 | 7.1| 3,400 | 4,500 | 50 80 | 169 20| N| A| O
1931 11 4| 01 19141 52| 39;32| 00| 65 730 ‘ 5090 | 140 90| Q| S| O
19320 11 2 | 13 | 24| 142 28| 42, 25| 20 | 7.0 7950 140 80 | 234 70| R| S| O |
1033 3 30, 02 | 33 144 31| 39| 14| 10 | 8.1 11,000 | 19.000 | 25,000 ~70] 50 | 250% 40| N | D| O 0.6
1933 6 19| 06 | 37| 142} 30| 3805 00 | 7.1 ) ‘ 75029 | 25 61 R | D| O
1935| 7 19 | 09 | 50| 141 23| 36 38| 00 | 6.9 1200 | 1,200 | 3,100 | 71; 27 | 268, 64| R | D| O
1936 2 21 10 | 08 135; 43| 34,35 00 | 6.4 130 88 49 | 268; 41| R | D| L
1936 3, 2 12 | 19| 144| 35| 41, 35| 60 | 6.8 550 | 1,600 | 1,900 | ! T T [0
1936 11 3 05 | 46| 142; 08| 38/ 09| 40 | 7.7| . T | 1300 | 6.200 | 74} 19 | 254; 71| R | D| O
1936 | 121 27 09 L 14 1397 02 34 25| 00 6.3 630 | .1,000 | 1,000 | - T 69 %0 | 1597 90 Q| s| o
1937 127} 16 | 04| 1307 49| 32{ 44| 30 | 51| ' 100 5 : L
1937 7 27 | 04 | 56| 142, 03] 38] 17| 40| 7.1 8,000 | 8000 | 71{ 30 | 21. 60| K| D| O
1937 10 17 13 | 47 141, 02| 35 36 |- 10 | 6.6| 480 | ‘1,500 | 2,100 ’ 1,39 | 181 51| R| D| L
19387 1 12 | 00 | 12| 135; 08| 33 40| 80 | 6.7 1,000 | - 170: 50 | 260 90| V | A| O
1938 5 23 16 | 18| 141; 35| 36i 39| 00| 7.0 2,600 | 2,600 | 5700 | 82 20 | 262 70| R | D| O |0.65
1938 | 100290 22 08] 141} 09 35’; 38 150 | 4,200, ' 117} 59 N[ pjo

d-d: dip direction( counterclocknise from the north), FT :

F'M ! faulting type (D dip—slip‘, S strike-slip, A ambigﬁou§) .

‘L/Q . earthquakes which occcurred ‘in land and under the ocean bottom. -

fault type (refer“to Fig.4),
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 Oceurrence time(y ST long.(B) | 1at (Do | o S0 Swo | Suwo | PAFA ) PlED pn eM [ | 5
year i mon.: day ! hour : min. || © -’ ° ! - : - d-d i dip | d-d | dip
1538 | 117 05i 17} 43| 142{ 11| 37} 20| 30 |7.5| 7,000 | 14,000 | 18,000 61{ 21| 241:69 | R | D| O |0.66
1939 ;. 3¢ 20 12 22131, 58| 32 17| 20 (65| 850 | 450 530 . | 64] 62/ 206 #1 | R | D] O
1939 ! P17 14 58139 31| 40! 08] 00 |6.8 10,000 | 10,000 | 10,000 29; 90| 119 90 | Q | S [ L | 0.49
1940 117 18 21 47]135: 25| 33! 56 60 (6.3 [ 1,500 890! 40| 296 ~50 | N | D'| L
1941 | 7 15 23 41138 14| 36| 43| 00 |6.1] 200 49 9] 139 90 ]| Q| s | L
1941 ¢ 11| 19, 01, 46132 05| 32 01| 00 |7.1 v 950 500 9| 00 00|V | A]O
1941 0 11§ 267 00 20141 30 36 15) 20 (63| - | 1,100 S s i o
1942 8 22 18| 01| 132 24| 32 08 00 |6.3| 300 | 800 | 1,000 1,500| . ©. : 0"
1943 3: 47 19 13 134] 17| 35! 26| 00 [6.2 200 | - 360 480 600 23 90| 113{ 90 | Q| s | o [os|
1943 1 4 117 23¢ 46) 141 27| 36: 21 10 |6.7 800 | 1,400 | 2,000 11; 30| 279: 88 | R | A | O
| 1943 6 131 141 12 1437\ 21| 41} 15| - 20 |7.1]| 2,000 | 4,000 4,800 | 4,800 140 90| 230 8 | V[ A | O
1943 7; 1. 13, 0] 140 10| 36| 02| 50 |6:3| 250 | 380 600 | - I ]
1043 | 8| 12, 13| 50| 139 55| 87 19| 00 |6.2 280 R 570 90| 147 9% | Q | S | L
19431 9 10 17 37134} 04| 35; 31| 00 |7.2| 2,100 | 2,600 | 2,900] 3,100{ 19 9| 109 % | Q [-S | L [L11
19430 10 13} 14 43138} 05| 36; 46| 00 5.9 B 330 831 90| 173 90 | Q | S| L
144 | 12 7, 13 {)35| 136; 30| 33 : 48] 30 [7.9| 6.200 | 15,000 | 21,000 570 11237 79 [ R [ D[ 0 [077
1045 | 1: 13 03 ; 36137 04| 34 41| 00 |6.8| 1,100 | 1,700 | 2,500 | 2,900| 44 90| 134 90 | Q | S | L | 0.8
1945 2| 10 13 58| 142, 04| 41, 00| 20 [7.1] - 2,600 | 2,600 ’ 0
1945 3. 12, 06 37142 02| 37: 34| 10 |6.6 1,700 | 1,700 : ! 0
1946 | 12| 21, 04 | 190|135 37| 33 . 02| 20 [8.0 | 16.000 | 25,000 | 33,000 | 46.000| 50| 79| 230 : 11 | N | D | O |0.74
1647 | 5, 9, 23| 05130 58| 33 24| 0 |55 200 1 ‘ L
1947 | 11| 04 09| 09] 141 OL| 43 | 49| 00 |6.9 1,000 | 1.000 T 0
1948 | 5 09 11| 09 131; 56| 31 30| 00 6.5 v _ 1,800 : , 0 1
1948 6 15, 20 | 44|13 30| 33 | 40| 20 |6.7| ~ 480 | 480 530 2 60| 212 30 | N | D| L |09
1948 . 6. 28 16| 13| 136 09| 36 11| 00 |7.1 600 | 950 | 1.200] 1,500| 10; 90] 100 9% | @ | S| L |o0.9%
1949 1 1 20% 22 24134} 32|. 3537 00 |6.3 ' .160 ] 0i 9| 9:9% | Q|S]|L jos8
1949 | 12| 26 08 25] 139, 47| 36 35| 00 (6.4 350 500 | 630 950 | - ! i L
1952 | 3. 4 10 23| 144/ 08| 41 48] 00 [8.2| 8900 | 12,000 | 17,000 | 28,000| 70; 90| 160 10 | V | D| O | 0.86
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:Occ.ul;rence‘ time (’JsT) lonig.(E) lat.. (N) 7 | u 5 S S S - plan:e A pléri:e B BT FN; L/o 5
year mon.: day : hour ! min. | © { o it d-d i dip | d-d ; dip. g

’ A ; o - km knf|  knf knf{  <knf|[  ©i of ' oi o
19520 3 70 16 32 |136 12| 36} 20| 00 65 130 2000 280 430 | 13{ 90| 108; 9| Q| s | o |16
1953 | 11| 26 | 02 | 49 |141; 43| 33 50| 60| 7.4| 4,000 | 10,000 12,000 13,000 | 10 30| 139 70| N| A | O | 0.9
1955 . 7 27 ; 10 20 |134 19| 33, 44| 10| 6.4 1m0 160 54 00| 144 90| Q| S| L |08
1956 | 8 13 01 | 5 |138 56| 33| 53| 50| 6.3 550 930 930 T 39, 89| 308: 59| N| S| o |
1956 0 9 i-30: 06: 20 140} 08| 35; 40| 60| 6.3 480 | 9 30| 270, 60| R| D | O
1957 | 11: 11 04 20 |139 18| 34; 14| 00| 6.0 | 650 ~ T To
1958 4. 8. 03 05143 25| 38 20| 00| 6.7 730 | 1,300] 1,700] . | 417 15| 221; 7| R| D |0 |.
1958 § 11 | 07 | 07 | 58 | 148, 30| 44| 18| 80| 8.1| 2,900 7,400 7,400 22,000 | - 42 50| 291; 59| R| S | O |0.83"
1959 | 1 81 05 38 |1a4 26| 43 24| 40 6.0 130 | 230 230 237 90| 113 9| Q| S| L ,
1960 . 3 21| 02| 07 |143 26| 30, 50| 00| 7.2| 1,900 5100] 7,600 46 84| 315, 8] N| S| O |09
1961 1| 16 16 20 |142 16| 36: 02| 40| 6.8 2.800| 4,100] 6.300 77 19| 257 71] R| D | O |0.48
1961 5 7 21 14 134 25| 35 06| 40] 5.9 80 80 10| 300 | 66; 9| 136: 9| Q| S| L |
1961 8 19 14 33 136, 46| 36 01| 00] 7.0 400 490 580 650 | 90| 39| 270 51| R| D| L |0.72
1962 | 4 12| 09| 05 |142 49| 37 58| 40| 6.8| 1.100| 1,600 2 100 : 66; 19| 246. 71| R| D | O
1962 4 30 | 11 26 141, 08| 38| 44| 00| 65| 150 230[ 280 - 330 | 59 41| 285, 59| R| D | O | 1.08
1063 . 3 | 27 | 06 34 |135 46| 35 47| 00| 6.9 100 200 280| 380 | 20 90| 119 9| Q| S| O |105
1963 | 10 | 13 | 14 | 18 |149] 58| 43| 45| 20| 8.1| 1,200| 2,500 - 3,300 3,800 | 40; 20| 220; 70| R| D | O [ 0.9
1964 | 5. 7| 16 58 |139 00| 40 20| 00| 6.9 200 30|  600] 59 40| 239 50| R| D | O _
1964 i 6% 16 i 13 01 139] 11| 38 i 21| 40| 7.5[ 1,200 2,600  2,900{ 3,000 P R O 0.8
1965 | 9 18] Ol : 21 141} 28] 36; 19| 40| 6.7 B 600 1,700 | 51 24| 249, 67| R| D| O [0.52
1968 1 20 19 19 |147, 00| 43| 11| 30| 6.9 2,200| 3,600] 3,600 3,600 ' g 0 127
1968 | 2 | 21 | 08 | 05 130 43| 32} 01| 00| 6.1 43 H L |
1968 ¢ 3 i 25 00 | 58 [130! 43| 32} 01 00| 57| 120 120 . R ; L
1968 | 5 16 | 09 | 49 |143 35| 40 44| 00| 7.9 17,000 | 36.000| 47,000| 62,000 | 30 80| 149 20| N|.A | O [0.90
1966 | 8 18 16, 12 |135 23| 35; 13| 00| 56| 60 70 70 % | 44| 8 33; 59| R| S| L |
1968 | 8 12 06 28 |147, 37| 42 42| 30| 7.8| 12,000| 15000] 17,000| 20,000 | 53 11| 233} 79| R| D | O | 1.0
1969 9 9 14 13 |137; 04| 35 47| 00| 6.6 130 230 250| - 350 | 100 ; 80| 196 60| R| S | L |0.93
1970 | 7 26 07 i 41 [132i 02| 32} 04 | 10] 6.7 500 | 1,000] 1,000 1,700 | 53 9| 233 81 R| D| O
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'Occur:rence;tlme (:JS?‘) long.(E) lat.:(N) 7l u S| Sw Sioe S | pla'r:le{& plar:lel.S | PM L/o 5
year : mon.: day: hour { min.| ° : /| ° : ! : . d'd; dip | d-d i dip
i o N kmy ) knf | knf knf| knfZ ,Oé .o Oé o
1970} 10} 16 i 14 | 26 | 140} 45| 39} 12| 00| 6.2 60 60/ 60| 100 : 0
19717 9 i 15 23 | 55 143 52| 39} 05| 50| 6.7 1, 800 i i 0
19720 2120 | 18 i 33141 16| 33{ 12| 70| 7.1| 1,600 4,000 4,000 41} 45| 221) 45| R| D | O [1.05
19727 12 4 i 19 | 16 |141; 05| 33 12| 50| 7.2] 1,600| 4,200 4,200 o 89 21| 269, 69| R| D | O | 1.09
19731 617 | 12 | 55 | 145; 57| 42! 58| 40| 7.4| 4,600| 11,000| 13,000| 18,000 | 56; 30| 236, 60| R| D |0 |0.91
1973 9 i 22 | 03 [143: 24| 39 28 40| 6.1 100 250 250 | 122i 7| 301 19| N[ D [O [o.57
1974 | 5.9 08 | 33 138 48| 34} 30 - 10] 6.9[ . 30 180 320 s56i 70 319: 72| N| S |L
1974 10 | 10 . 15 | 48 |[143] 18| 40 55 20] 6.2 50 50 130 g ; 0
19751 1 P23 13| 40 131} 08| 33: 02| 00| 55 30 75 100 50 80| 152; 40| N| A [L [o.51]
1975 4 121 02 | 35 |131; 20| 33; 08 00| 6.4 . 50 75 75 130 40i 60| 1597 50| N[ A | L ‘
1975 6 (14 | 03 | 28 147} 30| 42} 54| 00| 6.5| 1,300 3,300[. 3,500 T242 | 69 34; 46| R| A {0 [100
19761 1121 19 | 06.|149; 11| 43; 44| 00| 6.5 1,800 3,200] 3,200 P i ‘ 0 115
1976 6 16 | 07 | 36 |139% 00| 35 30 | 20| 55 ' 35 /75 10 70 50| 189, 60| R| A | L | o.62
1977 © -5 T2 01 | 83 182} 42| 35 09| 10| 5.3 12 18 100 : g T
1977 10 | 5 00 | 39 |139. 52| 36 08| 60| 5.4 45 80 130 L 064
1977 12024 | 06 © 22 [143] 38| 39; 04| 00| 5.9 350 480 930 0 | 101
19780 1 14| 12 | 24 |139] 15| 34} 46| 00 7.0 300 400 530 | 0 | 0.86]
1978 1 2 120 | 13 | 87 142} 12| 38! 45| 50| 6.7 150 300 300 0 o9
~1978 0 3125 | 04 | 48 |1491 49[ 44} 20| 40| 73| 2,700 2,700| 3,800 0 [ 133
19780 4 0 7 12 | 43 |141} 17| 35} 05| 20 5.1 350 | 350 480 | 0 | 0.79}
1978 5 716 | 16 | 35 |141; 28| 40! 57| ‘10| 5.7 ‘ 150 o o7
1978 0 6 i 4 i 05 | 04 132} 42| 35; 05| 00 | 6.1 -30 50 75 L [0.75
1978 1 6 ;12 {'.17 i 14 142} 10 | 3809 | 40| 7.0 1,900| 2,700/ 6,700 0 [0.65
1978 | 10 i 05 © 44 137{ 30| 35 49| 00| 5.3 25 40 100 L ||1.20
1978 | 12 23 ;. 02 [146: 44§ a4 | 100 | 7.7 1,500 0

.58
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