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Distribution of artificial earthquakes in the Kanto-Tokai area

and temporal changes

Yoshimitsu Okada*

* National Research Institute for Earth Science and Disaster Prevention, Japan

Abstract

A large number of artificial earthquakes contaminate the catalog of shallow earthquakes in the Kanto
-Tokai area due to quarry blasts or large-scale public works. To distinguish between these events, occurrence
time distributions were examined for each of 193 earthquake clusters shallower than 20 km, and 81 clusters
were identified as artificial ones. They occupy 25% of the total numberof shallow events in the catalog and
are mainly located around big cities such as Tokyo and Nagoya.

Each cluster of artificial earthquakes has its own distribution in regard to occurrence time within a day,
usually showing a pattern of single or double peaks. We can also find wide varieties in the time series of
artificial earthquakes, showing continuous, intermittent, or only temporary patterns. The distribution of
artificial earthquakes has a close relation to industrial activities. It was found that the change in the total
number of the artificial earthquakes roughly corresponds with changes in economic trends in Japan.
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Epicentral distribution of earthquakes shallower than 20 km in the Kanto-Tokai area within
16.5 years from July 1979 to Dec. 1995. (a) Distribution over the whole period, (b) Distribution
during nighttime (19:00-06:00).
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Distribution of the number of earthquakes which are

contained in 1-km cubes, 2-km blocks and earth-

quake clusters composed of 2-km blocks.

Contained  Number of Number of Number of
Eq. number 1-km cubes 2-km blocks clusters

0 2241713 1986785 -

1 27947 103911 -

2 4534 25036 -

3 1760 10449 =

4 346 5774 -

5 555 3606 m

6 389 2431 -

1 299 1856 -

8 202 1501 =

9 179 1204 =

10 160 997 21

11 113 817 10

12 123 646 4

13 92 601 6

14 83 553 1

15 73 403 0

18 66 376 8

17 59 345 4

18 39 289 4

19 34 297 3
20- 174 1756 21
30- 133 841 13
40- b6 512 9
50- 103 1123 25
100- 50 581 21
200- 8 310 21
500- 0 80 11
1000~ 0 19 3
2000~ 0 0 5
5000- 0 0 2
10000- 0 0 0
20000~ 0 0 1
Total 2280000 2153099 193
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Relative position of two blocks with side length=2
and the value S being defined as the square of the
mutual distance.
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193 rectangular prism domains recognized as earthquake clusters.
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Two-dimensional example of an overlapping of clus-

ters which are defined as rectangular areas. Hatched

blocks of 2-km square show the areas which contain

10 earthquakes or more.
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A diagram showing occurrence time distribution for

clusters No.8 and No. 14 in Fig. 3. Daily earthquake

numbers and hourly frequency of the occurrence times

within a day are also plotted together with number of

earthquakes and a list of the largest event.
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Classification of the earthquake clusters in Fig. 3. 81 clusters (closed rectangles) were identified

as artificial ones, while the remaining 112 clusters (open rectangles) were judged as natural ones.
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List of artificial earthquake clusters. The cluster number, number of earthquakes contained, EW

-width/NS-width/depth range (km) of the rectangular prism, coordinate and location of the

center are listed, together with the normalized diagram of occurrence time distribution (northern

Kanto area).
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Diagrams showing occurrence time distributions for (a) blast clusters, (b) natural clusters, and (c)
non-clustered earthquakes, corresponding to Fig. 8. Daily earthquake numbers and hourly fre-
quency of the occurrence times within a day are also plotted. Increase of registered events in Apr.
1986 is due to the updating of the routine data processing system. The lower limit of magnitude
is listed with #*, if the amplitude of maximum event is saturated.

1986 is due to the updating of the routine data processing system. The lower limit of magnitude
is listed with *, if the amplitude of the largest event is saturated.
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 20-# 39).

The lower limit of magnitude is listed with *, if the amplitude of maximum event is saturated.
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 40-# 61).
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 81-# 99).
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 119-# 138).
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 139-# 158).
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cl(ster # 159-# 177).
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Diagrams showing occurrence time distributions for all the clusters in Fig. 3 (Cluster # 178-# 193).
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