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Temporal changes of the hypocentral distances of earthquakes around the major shocks in and
around Japan were studied based on the JMA (Japan Meteorological Agency) hypocenter catalog to
examine a hypothesis that the area of the precursory seismic gap expands with time until a
mainshock occurs at the center. Most of the inland large earthquakes occur in the interior of
long-term seismic gaps. The most noticeable case is that the gap expands after the occurrence of a
small-scale seismic activity around the center of the gap. The radius of the gap is approximately
represented by an exponential function of time with the time-constant being 3—4 years for major
inland large earthquakes in Japan. The conditional probability that the above case occurs prior to a
large earthquake is 26% for events of the inland earthquakes with magnitude 5.8 or more. The
probability is raised up to 50% for the events with magnitude 7.0 or more. The gap expands 4-5 times
as large as the radius of the source region of the main shock. For the regions close to a plate boundary
such as the Japan trench east off north Honshu, the time-constant is as small as 1-2 years and the gap
area is confined to the same range of the mainshock source region. The above time-constant is
inversely proportional to the expansion rate of seismicity gap and is considered to be closely related
to stress relaxation process and/or hardening of the medium. Although the expansion phenomenon
of a seismicity gap is not always followed by a large earthquake, it may be an important factor for
estimating the possibility of a large earthquake.
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Fig. 1. Schematic diagram for the time-space

distribution of the surrounding seismicity
around a marked earthquake event. Point
A indicates the representative radius of the
source region of the target earthquake.
Point B designates the range of the actual
aftershock region. Point C represents the
maximum range of the seismic gap associ-
ated with the marked event. 7 denotes the
time constant of the exponential time func-
tion for the expansion of the seismicity gap
bounded by the frontier of the surrounding
seismicity at the pre-seimic stage of the

mainshock.
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Fig. 2. Time-space diagram showing the seismic gap generation for the 1943 Tottori earthquake of M
7.2. R is the distance between the hypocenters of the mainshock and that of a surrounding
earthquake. R, denotes the representative value of the radius of the source region of the
mainshock. Time is measured in reference to the origin time of the mainshock. The area of the
plotted circle is proportional to the source area of the event with reference to that of the
mainshock which is represented by the circle with a cross located in contact with the upper end
point of the mainshock source region. The upper figure illustrates how to identify the frontier
border of the surrounding seismicity. The limit of the magnitude difference, where smaller shocks
are eliminated if their magnitudes are smaller than that of the mainshock by that limit, is 3 for the
upper figure and 4 for the lower figure. To visualize the event circle in the lower figure, all the
events smaller than M4 are represented by the circle whose size is identical to M 4. The
time-constant 7z in Eq. (1) is given as shown in the figure. The lower figure shows the long-term
time-space pattern. Note that the expansion of the seismicity gap (G1) at around the time of the M
7.2 shock. Another extended area (G2) of seismic quiescence is found around 15 to 20 years after
the large earthquake, which was realized by southwestward migration of quiescence along the
inner zone of the Japan Islands (See Fig. 12).
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Fig. 3. Epicentral distribution of earthquakes analyzed. Open circles indicate shocks located in the
Inner Zone of Japan Island Arc. Solid circles indicate shocks located in the Outer Zone.



Table 1.

gap to the radius of the source area of the event.
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List of earthquakes in the inner zone along Japan Islands and the values of their parameters
for expading seismicity gap. Hypocentral parameters were determined by JMA (Japan Meteoro-
logical Agency). Tq: Duration time of the seismicity gap before the event; 7: Time-constant for the
temporal expansion of the seismicity gap; Rmax/Ro: Ratio of the maximum radius of the seismicity

LON. LAT. Depth . Tq T

No. Y MD HM () N°)  (km) Mag. Region tyre) (os) Rmax/Ro
1 1939 5 1 1458 139517 40.133 0.0 6.8 OFF AKITA PRE Bl 4.4
2 1940 8 2 0008 139.467 44.250 10.0 7.5 N JAPAN SEA 4.6
3 1941 4 6 0149 131.550 34.733 10.0 6.2 OFF YAMAGUCHI PRE 8.6 5.5
4 1941 715 2345 138233 36.717 0.0 6.1 N NAGANO PRE 32 6.3
5 1943 812 1350 139.917 37.317 0.0 6.2 CFUKUSHIMA PRE 9.1 3.5 4.8
6 1943 910 17 37 134.083 35.5617 0.0 7.2 TOTTORI PRE 8.0 3.4 4.8
7 1945 113 0338 137.067 34.683 0.0 6.8 AICHI-SHIZUOKA 3.5 4.8
8 1945 210 1413 141.967 41.100 0.0 6.1 E OFF AOMORI PRE 11.2 3.6 5.7
9 1946 820 1843 131.717 33.5633 0.0 5.9 NOITA PRE 4.4 9.5
10 1947 311 1416 138350 35.183 0.0 5.8 C SHIZUOKA PRE 74 2.4 7.0
2.9 7.0
11 1947 11 4 0909 141.017 43817 0.0 6.7 NW OFF HOKKAIDO 7.1
12 1948 628 1613 136.200 36.167 0.0 7.1 N FUKUIPRE 8.7 2.4 4.5
13 1949 1226 0825 139.783 36.583 0.0 6.4 C TOCHIGI PRE 9.3 4.4
14 1955 1019 1045 140.183 40.267 0.0 59 N AKITA PRE 9.6
15 1956 930 0620 140617 37.967 20.0 6.0 S MIYAGIPRE 4.5
16 1959 11 8 2254 140.683 43.783 0.0 6.2 NW OFF HOKKAIDO 14
2.6
17 1961 5 7 2114 134417 35.100 40.0 59 W HYOGO PRE 7.9
18 1961 819 1433 136.767 36.017 0.0 7.0 CGIFUPRE 10.6 1.5 5.8
19 1962 430 1126 141.133 38.733 0.0 6.5 N MIYAGI PRE 3.8 4.8
20 1963 327 0634 135767 35.783 0.0 6.9 OFF ECHIZEN-MISAKI 1.9 5.4
3.8 4.8
21 1964 5 7 1658 139.000 40.333 0.0 6.9 OFF OGA PEN 3.6 7.5
22 1964 616 1301 139.183 38350 40.0 7.5 OFF NIIGATA PRE 84 3.6
23 1968 221 1044 130.717 32.017 0.0 6.1 SW MIYAZAKI PRE 8.0
24 1969 9 9 1415 137.067 35.783 0.0 6.6 CGIFUPRE 6.1 3.7 3.4
256 1970 1016 1426 140.750 39.200 0.0 6.2 SW AKITA PRE 2.8
26 1972 831 1707 136.767 35883 10.0 6.0 FUKUI-GIFU BORDER 5.8 3.6
27 1974 5 9 0833 138800 34567 10.0 6.9 IZUPEN 7.5 3.1 2.6
28 1975 421 0235 131.333 33.133 0.0 6.4 NE KUMAMOTO PRE 2.7 5.0
29 1978 516 1635 141467 40950 10.0 58 E COAST AOMORI PRE 11.8 8.9
30 1978 6 4 0503 132700 35.083 0.0 6.1 C SHIMANE PRE 3.3 5.4
31 1983 526 1159 139.077 40.357 14.0 7.7 W OFF N TOHOKU 5.4 4.0 3.2
32 1983 8 8 1247 139.025 35518 220 6.0 KANTO-CHUBU BORDER 7.0 3.8 2.3
33 1983 1031 0151 133927 35413 150 6.2 C TOTTORIPRE 3.2 7.0
34 1984 914 0848 137.560 35.822 20 6.8 CCHUBU 4.6 2.9
35 1986 1230 0938 137.925 36.637 3.3 59 N NAGANO PRE 1.6
25
36 1987 324 2149 137907 37478 21.6 59 OFF SNIIGATA PRE 6.7 2.6
37 1991 828 1029 133.190 35320 134 59 W TOTTORI PRE 5.5 1.2
4.7 8.3
38 1991 1028 1009 131.167 33920 185 6.0 SW YAMAGUCHI PRE 7.8 3.5 6.4
39 1993 2 7 2227 137.300 37.653 24.8 6.6 OFF NOTO PEN 5.2 8.1
40 1993 712 2217 139.183 42780 351 7.8 SW OFF HOKKAIDO 4.5 4.5
41 1995 117 0546 135.035 34,593 179 7.2 S HYOGO PRE 5.2 5.8
42 1996 811 0312 140.637 38.905 86 59 MIYAGI-AKITA BORDER 2.5 5.4
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Table 2. List of earthquake events for the outer zone. Symbols are the same as Table 1.

LON. LAT. Depth . Tq T

No. ¥ MD HM (E°) (N°)  (km) Mag. Region (yrs) (yrs) Ruax/Ro
1 1938 11 5 1743 142,183 37333 30.0 75 OFF FUKUSHIMA PREF 47 34 1.9

2 1944 12 7 1335 136.617 33800 300 7.9 TONANKAI 5.3 3.0

3 1952 3 4 1022 144.133 41800 0.0 8.2 E OFF HOKKAIDO 4.7 1.0

4 1968 4 1 0942 132533 32283 300 7.5 HYUGANADA 0.9

5 1968 516 0948 143583 40733 00 7.9 OFF SANRIKU 31 27 2.2

6 1978 612 1714 142.167 38150 400 7.4 OFF MIYAGI PREF 1.1 1.3 1.7

7 1982 723 2323 141950 36.183 300 7.0 4.6

OFF IBARAKI PREF 1.7 15
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Fig. 4. Typical examples of the time-space diagrams for shocks in the inner zone. Conventions are the
same as Fig. 2. The broken line for (b) is another frontier that preceded the final frontier activity.
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The area of quiescence for (b) and (c) are contaminated by an adjacent clustering
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Fig. 9. Time-space diagrams for the shocks in the Outer Zone. Conventions are the same as Fig. 2.
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expansion of seismic gaps. After growth of seismicity gap G2, the resultant shock in the center of

the area happend to be of a relatively small magnitude.

This is an example that an expanded

seismicity gap is not always followed by a large earthquake.
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A region of

quiescence migrated from northeast to southwest during the period from 1950 to 1965 with a

speed of 110 km/yr.
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