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The Matsushiro earthquake swarm which commenced in August 1966
has not come to an end even at present when one year has passed since
the outbreak. The activity reached a peak on November 22, 1965, the
daily frequency of earthquakes felt by local residents at this period ex-
ceeding 200 a day. The daily frequency of earthquakes then decreased
to some extent but remained at a constant level showing some fluctuation
up to the middle of March, 1966 when the activity reached the second
peak. An outline of the result of the seismographic network observation
of this earthquake swarm from October 19656 to March 1966 has been
reported in the previous paper”. The daily frequency of earthquakes
felt in the Matsushiro area increased rapidly from the middle of March,
1966 and at the same time strong earthquakes began to oceur frequently.
The daily frequency of earthquakes recorded at the Matsushiro Seis-
mological Observatory, JMA, exceeded 6,000 and residents felt more than
600 shocks on the day of April 17, 1966. The earthquakes with an intensity
of 4 to 5 on the JMA intensity scale, which corresponds to the intensity
of 6 to 8 on the modified Mercalli intensity scale, occurred fifteen times
in April and eleven times in May, some of them causing considerable
damage to the town of Matsushiro and its environs. The daily frequency
of earthquakes decreased gradually from June and it was expected that
the activity might come to an end in a not-too-distant future. However,
a strong earthquake took place in the northern part of Koshoku, a town

1) The Party for Seismographic Observation of Matsushiro Earthquakes and the
Seismometrical Section, Earthquake Research Institute, “ Matsushiro Earthquakes Observed
with a Temporary Seismographic Network. Part 1,” Bull. Earthq. Res. Inst., 44 (1966),
309-333.
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adjacent to Matsushiro, on August 3, following which event the daily
frequency of earthquakes began to increase again until the activity
reached its third peak.

During the first stage of activity in 1965, the felt earthquakes oc-
curred in a circular area with a radius of a few kilometers, the center lying
in the neighbourhood of Mt. Minakami. During the second stage of
activity occurring in April and May 1966, the seismic area spread north-
wards to Wakaho, a town adjacent to Matsushiro. The third stage of

Table 1. Constants of Seismographs.

Seismographs
Station Comp. HES 1-0.2 Acceleration seismograph
V max 14 S (gal/mm)
E 50,000 220 2.3
Hoshina N 10,000 210 2.2
Z 10,000 210 1.9
E 50,000 220 2.2
Zozan N 10,000 220 2.1
Z 10,000 220 1.8
E 10,000 230 2.1
Akashiba N 10,000 230 2.3
Z 10,000 220 1.8
E 10,000 200
Mori N 10,000 200
Z 10,000 200
E 10,000 200
Nagano N 10,000 200
Z 10,000 200
E 10,000 200
Nire N 10,000 200
Z 10,000 200
E 200
Naganuma N 200
Z 200
E 200
Sakaki N 200
Z
E 10,000 200
Sanada N 10,000 200
VA 10,000 200
E 10,000
Toyono N 10,000
Z 10,000
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Fig. 1. Location of temporary seismographic station.

activity was felt in August and September 1966, the seismic area
extended southwards to Koshoku and Tokura and many earthquakes
began to be felt in these towns.

On May 14, earthquakes of high intensity were felt several times
in the neighbourhood of Ubasute, a small town 10km southeastwards
from Matsushiro, but further activity was not noticeable in this area.

The Earthquake Research Institute established more seismographic
stations in this area counter-acting the spread of seismic activity since
April 1966, Ten stations equipped with the HES 1-0.2 electromagnetic
seismograph and the Ishimoto acceleration seismograph are now in opera-
tion as shown in Table 1 and Fig. 1.
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The members of the Institute who participated in the field observation
were: T. Hagiwara, S. Saito, I. Karakama, M. Watanabe, T. Watanabe,
T. Takahashi and Y. Maeda, the members of the Institute engaged in
interpretation and analysis of seismographs being: T. Hagiwara, T.
Iwata, K. Makino, N. Kamata, M. Kino and Y. Miura.

Although the daily frequency of earthquakes generally has a tendency
to decrease, the Matsushiro earthquakes are still active, strong shocks
taking place occasionally, even at the end of September 1966, thirteen
months since the original outbreak. Hence, in this paper, we shall compile
the result of our observation carried out during the period from March
to the end of August 1966 as the second report continuing our previous
report.

1. Daily frequency of earthquakes at each station.

The daily frequency of earthquakes was counted on the seismographs
at each station as shown in Fig. 2-6. Such frequencies read off from
the acceleration seismograms correspond approximately to those of earth-
quakes felt by the residents, so that these frequencies were indicated
as the daily frequency of felt earthquakes in the figures. The frequency
of earthquakes recorded by the HES seismographs was indicated simply
as the daily frequency of recorded earthquakes in the figures. The daily
frequencies of recorded earthquakes and felt earthquakes announced from
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Fig. 2. Daily frequency of earthquakes observed at Akashiba.
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Fig. 4. Daily frequency of earthquakes observed at Zozan.

Matsushiro Seismological Observatory, JMA, are also shown in Fig. 7.

The daily frequency of earthquakes at Akashiba, Hoshina and Zozan
increased remarkably from the middle of March 1966. On June 26, the
daily frequency of earthquakes at Hoshina increased abruptly to 5292
while other stations did not show such an increase on that day. This
phenomenon would have been caused by the local microearthquake activity
in a limited area in the neighbourhood of Hoshina.

The acceleration seismograph at Hoshina was moved on April 20 to
a slightly distant location. The location of the HES seismograph and
the acceleration seismograph at Zozan were also relocated on June 10.
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The daily frequency of earthquakes at these station indicated in the
figures shows a discontinuity on the day when the change of place of
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the instruments were made, that is to say, the daily frequency decreased
greatly at Hoshina and increased greatly at Zozan after the instruments
were moved. Such changes in daily frequency of earthquakes recorded
on the seismographs are due to the effect of the structure of the ground
on which the seismographs are placed.

The stations other than Hoshina, Akashiba, Zozan and Mori were
established after April. The increase in the frequency of felt earthquakes
observed at Mori and Sakaki shows evidently that the seismic area has
spread to Koshoku and Tokura.
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Fig. 8. Frequency of earthquakes at an interval from 0 to 10 minutes and from
30 to 40 minutes of each hour during the period from June 22 to July 1, 1966, counted
on HES Seismogram of EW component at Hoshina Station.

Fig. 8 shows the change in the number of occurrences of small
earthquakes before and after a large earthquake. The representation
of the figure is the same as that written in our previous paper. The
number of occurrences of small earthquakes has a tendency to increase
to a greater or lesser extent just before the occurrence of a large
earthquake. The number of occurrences of small earthquakes increases
greatly following the occurrence of a large earthquake, just like ordinary
aftershocks, but it decreases rapidly and returns to the average level
in a few hours. This phenomenon is evident particularly in the case of
an earthquake with magnitude larger than 4.0.

2. Hypocentral distribution of felt earthquakes.

The process of determination of the location of hypocenters has been
deseribed in the previous report.

Fig. 9-14 show the horizontal and vertical distributions of foci of
felt earthquakes in each month. The general aspect of the earth-
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Fig. 9. Above: Epicentral distribution of the felt earthquakes.
Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

quake activity after March 1966 can be outlined from these figures as in
the following.

Activity in March (Fig. 9). An earthquake swarm occurred within
a distance of a few kilometers from Mt. Minakami (642m above sea level)
continuing until February 1966, however, in March the activity became
noticeable in and near Hoshina. The earthquakes clustered at a depth
of 5~6km near Mt. Kimyd. (1099 m above sea level). The earthquakes
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Fig. 10. Above: Epicentral distribution of the felt earthquakes.
Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

that have been occurring since February in the neighbourhood of Mori
in Koshoku city at a depth of 8~9km began to spread to a shallower
position in March.

Activity in April (Fig. 10). The epicenters gathered in two groups
near Mt. Minakami and near Mt. Kimyo. The Jlarge earthquakes
(M>4.0) occurred without exception in the southern part of Mt. Mina-
kami until March but many large earthquakes began to occur in the
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Fig. 11. Above: Epicentral distribution of the felt earthquakes.
Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

northern part of Mt. Minakami in April. The earthquake which gave
maximum intensity of 4 on the JMA scale occurred in the eastern part
of Koshoku for the first time during this month. Earthquakes clustered
in the area where the population of Matsushiro is dense. The seismic
area extended to the River of Chikuma.
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Fig. 12. Above: Epicentral distribution of the felt earthquakes.

Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

Activity in May (Fig. 11). The two groups of the epicenters which
were recognized in April disappeared and the epicenters distributed
uniformly from Matsushiro to Wakaho. Many earthquakes occurred in
the northern part of Mt. Minakami. The large earthquakes had a
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Fig. 13. Above: Epicentral distribution of the felt earthquakes.

Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

tendency to take place near the border of the cluster of smaller earth-
quakes.

Many earthquakes began to occur in the southwest part of Matsushiro
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Fig. 14. Above: Epicentral distribution of the felt earthquakes.
Below: Vertical distribution of the felt earthquakes (Projected to
the vertical plane a b).

and in the eastern part of Koshoku. Seven shocks with considerable
intensity occurred near Mt. Kamuriki 10km from Matsushiro in the
interval from 19" on 14th to 06" on 15th May. The shock which occur-
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Fig. 156. Above: Epicentral distribution of the felt earthquakes during the

period from October 1965 to February 1966.

Vertical distribution of the felt earthquakes during the
period from October 1965 to February 1966 (Projected to
the vertical plane a b).

Below:

red at 20°32™ on 14th was the strongest, its magnitude being estimated
at 4.2.

Activity in June (F'ig. 12). The earthquakes which have been crowding
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Fig. 16. Above: Epicentral distribution of the felt earthquakes during the
period from March to May 1966.
Below: Vertical distribution of the felt earthquakes during the
period from March to May 1966 (Projected to the vertical
plane a b).

near Mt. Minakami since the outbreak began to decrease in number and
in contrast many earthquakes began to cluster near Mt. Kimy6. On
the other hand, the earthquakes at a depth of 8~9km near Koshoku
became noticeable. The large earthquakes occurred at the border of the




Matsushiro Earthquakes Observed with ¢ Temporary Seismographic Network 1705

earthquake cluster near Mt. Kimyo. The seismic area spread slightly.

Activity in July (Fig. 13). The earthquakes mostly clustered at Mt.
Kimyo6 and Akashiba. The earthquakes in the dense population area of
Matsushiro decreased in number.

Activity in August (Fig. 14). Many earthquakes occurred near Mt.
Minakami. The seismic activity spread to Koshoku, Tokura and Sanada.
The area where many felt earthquakes occurred was of elliptical form
with a major axis lying in a northeastward direction, the large earth-
quakes occurring near the border.

Fig. 15 shows the epicentral distribution of noticeable felt earth-
quakes that occurred during the period from Oectober 1965 to February
1966. Fig. 16 shows the epicentral distribution of the same kind for the
period from March to May 1966. Comparing these two figures, it is noticed
that the seismic active area spread with an elapse of time and the loca-
tion where the large earthquakes occurred moved from place to place.
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Fig. 17. Frequency distribution of the depth of felt earthquakes.
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Fig. 17 shows the depth distribution of the felt earthquakes in
each month. The depth from 3.0 to 5.9 km was most frequent.

3. Hypocenters of the large earthquakes.

The horizontal and vertical distribution of the large earthquakes
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Below:

Epicentral distribution of the Matsushiro earthquakes that gave
maximum intensity larger than IV during the period from Novem-
ber 1965 to August 1966.

Vertical distribution of the Matsushiro earthquakes that gave
maximum intensity larger than IV during the period from Novem-
ber 1965 to August 1966 (Projected to the vertical plane a b).
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which gave a maximum intensity larger than 4 on the JMA scale are
shown in Fig. 18. The numerals indicated in the circles in the figure
are the numbers given to the earthquakes in the order of occurrence
and correspond to the numbers in Table 2. As seen in the figure the
focal depth of the large earthquakes was in the range from 1.3km to
7.0km, most of them being around 3 km.

4. Release of energy.

The cumulative sum of energy released by the Matsushiro earth-
quakes since the beginning was 1.21x10% ergs through August 31, 1966
(Fig. 19). This value is equal to the energy released by a single earth-
quake of magnitude 6.2.
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Fig. 19. Cumulative sum of energy released by the Matsushiro earthquakes.

5. Variation of m and b.

We examined the values of m and b in each month. m is the coef-
ficient in the statistical formula called Ishimoto-Iida’s relation which
gives the relation between the number of occurrences and maximum
trace amplitude. b is the coefficient of the statistical formula given by
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Richter and Gutenberg for the relation between the number of occur-
rences and the magnitude M. Fig. 20 shows the variation of the values

2.60
2.50]
2.40]
m 2.30
2.20
{ 210
2.00|
1.9
1.80
L70
1.60

. masZOZAN)

rrrrrrrorril

NOV. JAN. MAR. MAY JUL,
1966

Fig. 20. Time variation of the values m and b.

of m and b obtained from the acceleration seismograms at Akashiba,
Hoshina and Zozan. The process of obtaining these values has been
explained in our previous report. As seen in the figure, the values of
m were larger than 2.1 at each station up till February 1966 but ap-
parently decreased after March. The values of b showed the same
tendency.

6. Push-pull distribution of initial motions.

The push-pull distribution of initial motions of the Matsushiro earth-
quakes of large magnitude as determined from the ordinary wide seis-
mological network under JMA has been reported by JMA”. According
to this report, the distribution is of the quadrant type, the nodal lines
inclining by 45° from the meridian.

We examined the same matter with respect to smaller earthquakes
observed at our temporary stations, Hoshina, Akashiba and Zozan. TFor
this purpose we used the acceleration seismograms obtained at these sta-
tions during the period from May 1 to June 10, 1966. The push-pull
distributions of different earthquakes were superimposed together, the
epicenters put at a common point. If the mechanism of earthquakes
is the same for all earthquakes, the distribution obtained by such a
method may give a certain configuration. Fig. 21 shows push-pull distri-
bution obtained by this method with respect to earthquakes deeper than

2) Report of Matsushiro Earthquake published by Tokyo Meteorological Observatory
and Nagano Local Meteorological Observatory (in Japanese), January, 1966.
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Fig. 21. Push-pull distribution of the initial motions of the Matsushiro earthquakes.

3km. As seen from the figure, we may regard the push-pull distribu-
tion of smaller earthquakes as being of the same type as that of large
earthquakes determined by the JMA network. The same result has been
obtained with respect to the small earthquakes that occurred during the
period from October 1965 to January 1966, this having been mentioned
in our previous report.

Hence, we may conclude that, so far as the push-pull distribution
is concerned, the mechanism of the Matsushiro earthquakes did not alter
throughout the whole period.

7. Résumé

1) The area where the felt earthquakes occurred was situated at
Matsushiro and Wakaho up till April 1966. The area spread to Késhoku
from May 1966.

2) The area spread out southwestward and many felt earthquakes
took place at Sakaki, Tokura and Kamiyamada. An earthquake of
magnitude 5.0 took place near Mt. Gorigamine on August 28, 1966. This
was the furthest south among large ones of the Matsushiro earthquakes.
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3) The epicentral area where felt earthquakes occurred is of elliptical
form with a major axis lying in the direction from northeast to south-
west and is 20km long with a minor axis 12km long lying in the
direction from northwest to southeast through August 1966.

4) The earthquakes in the neighbourhood of Mori occurred at a
depth from 8 to 10km in May, June and July 1966 but a group of shal-
lower earthquakes appeared at the depth 4.0~6.0km in August 1966.

5) The cumulative sum of energy released by the Matsushiro earth-
quakes in thirteen months since the outbreak up to August 1966 is
1.21x10% ergs, which corresponds to the energy released by a single
earthquake of magnitude 6.2.

6) The push-pull distribution of initial motions of the Matsushiro
earthquakes was of quadrant type and did not change its character
throughout the whole period.
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