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A prolonged earthquake swarm has been threatening people in Matsu-
shiro, a small town in Nagano Prefecture, since the summer of 1965.
The standardized seismograph of USC&GS (T=1sec, T=1sec, V=
100,000) which had been installed at the Matsushiro Seismological Ob-
servatory of Japan Meteorological Agency (86°32.5'N, 138°12.5'E) on the
outskirts of the town began to register very small earthquakes which
seemed to occur in close proximity since August 3, 1965. According to

an announcement from that observatory, the daily frequency of earth-
quakes recorded on the seismograms increased day by day and exceeded
100 on August 7. This increased to over 500 on September 28 and at
that time people in the town of Matsushiro began to feel sudden shocks
with dull earthsounds like distant thunder more than ten times a day.
In November, the daily frequency of the recorded earthquakes reached
1,000 and people felt shocks and heard sounds more than 100 times a day
in many days of the month. Earthquakes with an intensity of 4 on the
JMA intensity scale, which corresponds to the intensity of 6 or 7 on the
revised Mercalli intensity scale, began to manifest during this month,
two of them being most severe, causing slight damage to houses in the
town, as indicated in Table 1. The activity came to a peak on November
22, the daily frequency of recorded earthquakes exceeded 2,000 and people
felt more than 200 shocks a day. After this climax the daily frequency
of earthquakes decreased but appeared, in general tendency, to remain
on the same level showing some fluctuation in activity till March in 1966
when the activity came to the second peak, as shown in Fig, 1.

The Earthquake Research Institute dispatched members to Matsushiro
and set up a seismographic network temporarily and the observation was
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Fig. 1. Daily frequency of earthquakes observed at
Matsushiro Seismological Observatory, JMA.
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commenced on October 7, 1965. The spots where the seismographs were
installed were Hoshina, Akashiba and Zozan, as seen in Fig. 2. The
seismographs used at each spot are three components of the portable
acceleration seismograph and three components of the electromagnetic
seismograph of Type HES-1-0.2. One more set of the electromagnetic
seismograph of the same type was installed at Mori later on October 21.
The constants of these instruments are shown in Table 2.

Table 2. Constants of Seismographs

Seismographs
Stations Comp. HES 1-0.2 Acceleration seimograph
¥V max |4 & S (gal/mm)
E 50,000 | 220 2.3
Hoshina N 10,000 i 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 f 220 ' 1.8
E 10,000 f 230 2.1
Akashiba N 10,000 | 230 | 2.3
Z 10,000 | 220 ’ 1.8
. E 10,000 |
Mori N 10,000 *
VA 10,000 .

The members of the Institute who participated in the field observation
were

T. Hagiwara, S. Saito, I. Karakama, M. Shibano, M. Watanabe, T.

Watanabe, Y. Maeda, T. Takahashi, A. Yoshihara and I. Nakamura,
and the members of the Institute who engsaged in interpretation and
analysis of seismograms were

T. Hagiwara, T. Iwata, K. Makino, M. Itsui, N. Kamata, M. Kino

and Y. Miura.

Matsushiro earthquakes are still continuing and showed no sign of
decay even at the end of March 1966, after eight months had passed
since the outbreak. Hence, in this paper, we shall compile the result of
our observation as a preliminary report for the earthquakes observed in
the period from the beginning to the end of February 1966.
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1. Seismic activities in the region in historical time.

The epicentral distribution of earthquakes which have brought greater
or lesser damage in the past in Nagano Prefecture where Matsushiro is
located is shown in Fig. 8. During the period of time from 841 to 1943,

Fig. 3. Disastrous earthquakes that have occurred in
Nagano Prefecture in the past.

thirteen disastrous earthquakes have taken place in Nagano Prefecture,
most of them originating in the northern part of the prefecture, especially
in the neighbourhood of the cities of Nagano and of Omachi. Disastrous
earthquakes have seldom occurred in the southern part of the prefecture,
Most of these earthquakes were of a magnitude around 6 but two of
them which have occurred near the city of Nagano were of a magnitude
exceeding 7 and caused tremendous damage of the city and the neigh-
bouring villages, as listed in Table 3.

It is recorded in old documents that two severe earthquakes, the
magnitude of which were estimated to be about 6, occurred at Kamitakai-
gun a few kilometers apart northwards from Matsushiro in January and
April in 1897 and small shocks continued during a period of over one
year after the first two earthquakes. This earthquake swarm seems to
have been of a similar character in some aspects to the present Matsu-
shiro earthquakes but the details are not clear.
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Table 3. Disastrous earthquakes that have occurred in
Nagano Prefecture in the past

No. Dete Region 2° ©° M
1. 841 m 13 Matsumoto 137.8 36.6 6.7
2. 890 VI 26 North of Nagano 138.1 36.6 7.4
3. 1714 v 28 Omachi 137.8 36.7 6.4

1718 X 05 liyama 138.3 36.8 6.2
5. 1725 VI 14 Ina 138.1 35.8 6.1
6. 1847 v 08 Zenkoji 138.2 36.7 7.4
7. 1853 1 26 North of Nagano 138.1 36.5 5.9
8. 1858 v 23 Matsushiro 138.2 36.6 5.9
9. 1897 1 17 Kamitakai 138.2 36.6 6.3

10. 1916 1§ 22 Asama piedmont 138.4 36.4 6.0

11. 1918 x1 11 Omachi 137.8 36.5 6.1

12. 1941 VI 15 North east of Nagano 138.2 36.7 6.4

13. 1943 X 13 Lake of Nojiri 138.2 36.8 6.0

2. Hypocenters of larger earthquakes in the present case,

We obtained the hypocenters of the earthquakes assuming that the
velocity of P and S waves is constant with depth. Assuming this, the
hypocentral distance from a station is given by 4=Fkt, where 4 is the
hypocentral distance, ¢ the difference of arrival time of P and S waves,
k a constant. Since the position of hypocenter has three unknown
quantities (latitude, longitude and depth) and % is also unknown, there
are four unknown quantities. Therefore if we observed the difference of
arrival time of P and S waves at four stations, we can determine these
four unknown quantities. Once we have determined the value of &, we
can determine the position of hypocenter simply by using the values of
t at three stations because the hypocentral distance from the three
stations are determined from the equation 4=Fkt. First we determined
the value of k using the observational data of four stations, Hoshina,
Zozan, Akashiba and Mori, The number of used data for this purpose
was 113 and we obtained %£=7.39--0.53 as a mean value, excepting 32
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Fig. 4. Above: Epicentral distribution
of felt earthquakes. Below: Vertical dis-
tribution of felt earthquakes.
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Fig. 6. Above: Epicentral distribution
of felt earthquakes. Below: Vertical dis-
tribution of felt earthquakes.
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Fig. 8. Above: Epicentral distribution of felt earthquakes.
Below: Vertical distribution of felt earthquakes.

data which gave large deviations from the mean value.

The epicenters of Matsushiro earthquakes which gave a larger inten-
sity observed with the acceleration seismographs were determined by the
above mentioned method and they are shown, at an interval of one month,
in Figs, 4-8. The vertical distributions of hypocenters which were pro-
Jected to a vertical plane placed NE-SW wards, are shown in Figs. 4-8,

As seen in these Figures, the epicenters of earthquakes distribute,
say roughly, in a circle 4 km in radius and with its center northeast of
Minakami-yama, an old volcanic dome created in Pleistocene and now
entirely extinet. The depths of the earthquakes are between 2 and 8 km,
the depth of 4.0-4.9 km being most frequent in October but becoming
3.0-3.9km after November (Fig. 9). An interesting fact is that many
small earthquakes cluster and the earthquakes with large magnitude
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Fig. 9. Frequency distribution of depth of felt earthquakes.

occur outside of the cluster.

3. Hypocenters of smaller earthquakes.

The epicenters and depths of the smaller earthquakes observed with
the HES electromagnetic seismographs at four stations Hoshina, Akashiba,
Zozan and Mori, during the period of one or two days in October and Novem-
ber 1965 and in January 1966, were determined by the same method and are
shown in Figs. 10-12. These smaller earthquakes were densely distributed
in depths of 4-6 km in October and November becoming a little shallower
in January. It is noted that there was a group of smaller earthquakes
which gathered at depths 8-9 km. (Fig. 13) Comparing the distribution
of these smaller earthquakes with that of larger ones above described,
the larger earthquakes were a little shallower than the smaller ones in
October and November 1965 but both the distributions were almost the

same in January in 1966,
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Fig. 10. Above: Epicentral distribution
of recorded earthquakes. Below: Vertical

distribution of recorded earthquakes.
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Fig. 12. Above: Epicentral distribution
of recorded earthquakes. Below: Vertical
distribution of recorded earthquakes.
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4. P-S distribution of larger earthquakes.

The P-S times (the differences of arrival time of P and S waves)
of all earthquakes recorded by the acceleration seismographs at three
stations, Hoshina, Akashiba and Zozan were read off, their distributions
being shown in Figs. 14-16. At Hoshina, the P-S times between 1.6-
2.5 sec were most frequent in October and November 1965 but P-S times
shorter than 1 sec began to appear after December in 1965. This means
that a small seismic activity began in the neighbourhood of Hoshina in
December. At Akashiba, the P-S times distributed mostly in the interval
between 1.0 and 1.4sec. At Zozan, the P-S times distributed mostly in
an interval of 0.6-1.8 sec but there were two peaks at 0.8 sec and 1.3-
1.4 sec in December 1965,
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5. Daily frequency of earthquakes at each station.

The .daily frequency of earthquakes was counted on the seismograms
at three stations, Hoshina, Akashiba and Zozan (Figs, 17-19), Such frequen-
cies read off from the acceleration seismograms correspond approximately
to those of earthquakes felt by residents, so that these frequencies were
indicated as the daily frequency of felt earthquakes in the figures. The
frequency recorded by the HES seismographs is indicated simply as the
daily frequency of recorded earthquakes in the figures. The daily fre-
quencies of recorded earthquakes and felt earthquakes announced from
Matsushiro Seismological Observatory, JMA, are also shown in Fig 1. Com-
paring the daily frequency at our stations with that of the Matsushiro
Seismological Observatory, we can see a large difference between them
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with respect to recorded earthquakes. Such a difference may be caused
by reason of micro-earthquakes recorded with highly sensitive seismograps
being of very short period of vibration and having so high an attenuation
that earthquakes occurring very near the station are mainly recorded.

Fig. 20 shows the frequency of earthquakes at an interval from 0
to 10 minutes and from 30 to 40 minutes of each hour during the period
from November 19 to 25, 1965, counted on the HES seismograms of EW
component (T,=1sec, T,=0.2 sec, V,.,=50,000) at the Hoshina station,
The seismic activity reached the first climax, the number of recorded
earthquakes increasing considerably with many earthquakes of large
magnitude at this interval of time. We can see how the pattern of
occurrence of smaller earthquakes changed before and after the occurrence
of a larger earthquake,

6. Release of energy.

We obtained the magnitude of Matsushiro earthquakes using maximum
amplitudes of all earthquakes recorded on the acceleration seismograms
of two stations, Akashiba and Zozan, and adopted the mean of the values
of these two stations, For obtaining the magnitude, we used the graph
devised by I. Muramatu,” who gave the relation between the maximum
amplitude and the hypocentral distance taking M as parameter for the
wide range of hypocentral distance and magnitude. The magnitude of
larger earthquakes obtained by this method was compared with the cor-

1) 1. MURAMATU, Zisin, [ii], 17 (1964), 215.
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responding magnitude obtained by JMA using observational results of an.
ordinary seismological network. We found that there was a certain
, systematic difference between them, that is to say, the values obtained by
Muramatu’s method were always smaller than the JMA magnitude by
0.5. So that we adjusted our magnitude to the JMA magnitude adding
0.5. The daily and cumulative sum of energy released by the Matsushiro
earthquakes thus obtained is shown in Figs, 21-22, As figures show,
the energy of 0.63x 10" erg which corresponds to the energy of a single
earthquake of magnitude 4.0 has been released every day except some:
active days, since the end of October, 1965. The accumulated value of
energy released in seven months, from August 1965 to February 1966
was 2.6x10%® ergs which corresponds to the energy released by a single
earthquake of magnitude 5.8.

7. Relation between the number of occurrence and the maximum
trace amplitudes.

First we examined the relation between the number of occurrence:
and the maximum trace amplitude using acceleration seismograms at
three stations, Hoshina, Akashiba and Zozan, for this purpose. There
is a well-known statistical relation called Ishimoto-Iida’s relation, namely,
N=KA™™, where N is the number of occurrence of maximum trace:
amplitude from A to dA recorded on the seismograms at a station and
k are constants. According to statistical studies hitherto made, m main-
tains almost the same value in many cases of ordinary earthquakes,
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aftershocks and earthquake swarms.
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On the other hand, it is reported

that m gives evidently a smaller value than a normal one in the case of

foreshocks of a large earthquake.”

The fact that m has a smaller value

means that the shocks with larger amplitude have a tendency to occur
more frequently. This fact must be very important, if it actually exists,
from the standpoint of the study of earthquake prediction.

In the present case, we examined the relation between N and A with
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Fig. 24. Relation between the maximum trace apmlitudes on the acceleration seis-
mogram and the frequency of occurrence (Akashiba station).

1) S. SUYEHIRO et al., Papers in Meteorology and Geophysics, 15 (1964), 71,




Matsushiro Earthquakes Observed with a Temporary Seismographic Network — 327

(ZOZAN)
1000F 3 3 E 3
¢ October 1965 | November  December ¥ January 1966 | February
. [ i [ i
g L L L L L
S m=1.75 m=2.45 m=2.28 m=252
< 100 n - E c
=] o E C n
o C L C r
o
© C L i L
5 L I L I
- L L L L
o
c
S L
g 'OF 2 3 3 3
£ F - : ' -
- b~ - ® | I~
| IR i B S R SRR | R | RN RETIA M PRt |
| 10 10 10 10 10
A max(mm)

Fig. 25. Relation between the maximum trace amplitudes on the acceleration seis-
mogram and the frequency of occurrence (Zozan station).
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Fig. 27. Frequency distribution of the magnitude of
Matsushiro earthquakes.

!

respect to many different intervals of time, as shown in Figs. 23-25.
The earthquakes of larger magnitude occurred on 22nd and 23rd of
December, 1965. However, as will be seen from the figures, the values
of m maintain almost the same value 2.0-2.4 there being no evident
difference between the values of m before and after this activity.

In connection with this problem, we examined the value of m with
respect to the earthquakes before and after the destructive earthquake
of the northern part of Izu on November 26, 1930, during which event
people felt many remarkable foreshocks from the 7th of that month.
Fig. 26. shows the relation between N and A in this case. As will be
seen from the figures, we could find no evident difference between the
values of m before and after the destructive earthquake.

The relation between the number of occurrence N and the magnitude
M in the interval from December 1965 to February 1966 is also shown
in Fig. 27. According to Gutenberg and Richter, there is a statistical
relation, log N=a+b(8—M), in which ¢ and b are constants. b is not
independent of m in the Ishimota-lida’s relation because M is combined
with A by the relation Moclog A. As will be seen from the figure, the
value of b becomes 1.34 in the case of the Matsushiro earthquakes.

8. Push-pull distribution of initial motions.

The push-pull distribution of initial motions of the Matsushiro earth-
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Fig, 28. Push-pull distribution of initial motions of
the Matsushiro earthquakes of large magnitude as deter-
mined from the ordinary wide seismological network
under JMA. (After Ichikawa)

quakes of large magnitude as determined from the ordinary wide seis-
mological network under JMA is shown in Fig, 28,2 The distribution
is of the quadrant type, the nordal line inclining by 45° from merridian,
According to Ichikawa, JMA, the type of distribution of initial motions
in the present case is the same as that of those remarkable earthquakes
which have occurred in this region in the past.

In order to investigate the same matter with respect to smaller
earthquakes, we examined the direction of initial motion of the earthquakes
observed at our temporary stations, Hoshina, Akashiba and Zozan. For
this purpose we used the acceleration seismograms obtained at these
stations during the period from October 1965 to January 1966, except
December 1965. The push-pull distributions of different earthquakes
were superimposed together, putting the epicenter to the common point.
If the mechanism of earthquakes is the same for all earthquakes, the
push-pull distribution obtained by such a method may give a certain
difinite configuration. TFig. 29 shows the push-pull distribution obtained
by this method with respect to earthquakes shallower than 8 km.

At a glance over the figure, we may regard distribution of smaller

2) Report of Matsushiro Earthquakes published by Tokyo District Meteorological
Observatory and Nagano Local Meteorological Observatory, January 1966.
GRUEIXR4E, RIS Rh 0 WUEHTE i —1965 42 8 1 LU o BIF AR AT g o
BSR4 ERF B AREREN 1 5)
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Fig. 29. Push-pull distribution of initial motions of Matsushiro earthquakes.

earthquakes as being of the same type as that of large earthquakes
obtained by the JMA network as a whole, We excluded the earthquakes
which occurred in the neighbourhood of the Hoshina station in the present
case, because those occurring in this region seemed to give a different
distribution from others, Clarification of this matter was postponed to
a future investigation,
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