DBULLETIN OF TOHE JCARTHQUAKE
RESEARCH INSTITUTE
Vol. 46 (1968), pp. 485-515

23. Summary of the Seismographic Observation of
Matsushiro Swarm Earthquakes.

By Takahiro HAGIWARA and Takayuki IWATA,

Earthquake Research Institute.
(Read February 28, 1968.—Received March 30, 1968.)

Introduction

The Matsushiro swarm earthquakes commenced in August 1965 and
still continue even now when more than two years have passed since
the outbreak. The Earthquake Research Institute dispatched a field
party for seismographic observation and set up a temporary seis-
mographic network surrounding the area where the earthquakes seemed
to occur. The result of the observation carried out by this party
during the period from October 1965 to February 1967 has been reported
successively?~?.

The present paper will describe an outline of the activity of the
Matsushiro earthquakes with its repeated rise and fall during the period
of twenty seven months, from August 1965 to October 1967, summarizing
the reports aforementioned and adding new data of observation in the
later period from March to October 1967.

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.

2) The Party for Seismographic Observation of Matsushiro Earthquakes and the
Seismometrical Section, Earthquake Research Institute, ¢ Matsushiro Earthquakes Observed
with a Temporary Seismographic Network. Part 2, Bull. Earthq. Res. Inst., 44 (1966),
1689-1714.

3) The Party for Seismographic Observation of Matsushiro Earthquakes and the
Seismometrical Section, Earthquake Research Institute, ‘ Matsushiro Earthquakes Observed
with a Temporary Seismographic Network. Part 3,”” Bull. Earthq. Res. Inst., 45 (1967),
197-223.

4) The Party for Seismographic Observation of Matsushiro Earthquakes and the
Seismometrical Section, Earthquake Research Institute, ¢ Matsushiro Earthquakes Observed
with 3 Temporary Seismographic Network. Part 4,”” Bull. Earthq. Res. Inst., 45 (1967),
837-917.
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1. Temporary seismographic network

Temporary seismographic stations were set up in four places around
Mt. Minakami, i.e., at Zosan, Akashiba, Hoshina and Mori in the beginning,
each station being equipped with an Ishimoto acceleration seismograph
and a short period electromagnetic seismograph of the type HES 1-0.2.

Since April 1966 when the
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Naganuma, Sakaki and Sanada.

In March 1967 when the [
earthquakes decreased in
number, the seismographic
network was rearranged so as
to cover a wider area, as the
repeated  precise leveling
revealed remarkable changes
in the height of the ground
covering a wide area in the
northern part of Nagano Pre-
fecture and accordingly there
was a fear that earthquakes
might occur in some place
other than the hitherto active
area. The seismographic stations available through October 1967 are
shown in Fig. 1. The constants of the instruments used at these stations
and the observation periods were listed in Table 1.

As an example, a part of the acceleration seismogram obtained at
Hoshina on 10th April 1966 when the activity was most violent is shown
in Fig. 2, in which we can see more than 20 earthquakes recorded in
an hour.
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Fig. 1. Distribution of temporary seismo-
graphic stations through October 1967.

2. Distribution of foci in each period

We divided the twenty-seven months from August 1965 to October
1957 into five periods as follows :

1st stage of activity-.-August 1965 to February 1966 (7 months)

2nd stage of activity-.-March 1966 to July 1966 (5 months)
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Fig. 2. Examples of the Ishimoto Acceleration Seismograms at the Hoshina station
on April 10-11, 1966.
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OCTOBER 1965 — FEBRUARY 1966
Fig. 3. Abhove: Epicentral distribution of the felt earthquakes during the period
from October 1965 to February 1966.
3elow:  Vertieal distribution of the felt earthquakes during the period
from October 1965 to February 1966.
a-b:  Plane of projection, A: Akashita, H: Hoshina, M: Mori, N: Nire,
S: Sakaki, 7Z: Zbzan.

3rd stage of activity.--August 1966 to December 1966 (5 months)
4th stage of aetivity..-January 1967 to May 1967 (5 months)
5th stage of activity.--June 1967 to October 1967 (5 months)
Such division of time has been defined only for the sake of convenience
but the daily number of earthquakes and the seismic active area gave
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a different aspect in the respective periods so that it seems to have
some geophysical significance.

The distribution of foci of the earthquakes in each period will be
outlined in the following.

1) 1st stage of activity (August 1965~February 1966)

Concerning the seismic activity in the early stages, when our
seismographic network was not yet established, we have to refer to
the report published by the Nagano Local Meteorological Observatory®.
According to this report, small earthquakes occurred in a small limited
area in the southwestern part of Mt. Minakami in August and September
but no earthquakes were observed at Wakaho at that time. In October,
when our network was set up, small earthquakes were observed also
around Mt. Kimyo situated at a distance of 38 km northeastwards from
Mt. Minakami. In November, the number of earthquakes increased
noticeably and some of them were so strong that the town of Matsushiro
was slightly damaged.

The epicenters of the earthquakes that gave a larger intensity
determined by our seismographic network during this period are shown
in Fig. 3 (Above) and the vertical distribution of hypocenters which were
projected to a vertical plane placed NE-SW wards are shown in Fig. 3.
(Below). As seen in the figure, the epicenters of earthquakes distribute,
say roughly, in a circle 5 km in radius from its center in the northeast
of Mt. Minakami. The depths of earthquakes were mostly between 2
and 8 km and, as a general tendency, they were deeper on the northeastern
side and shallower on the southwestern side of the seismic area. Larger
earthquakes took place at depths of 2~4km. It is noticed that there
was another group of earthquakes which gathered at depths 8~9km
apart from the main cluster.

2) 2nd period of activity (March to June 1966)

In this period, the seismic area extended to the northern part of
Matsushiro, the northern part of Sanada and the southern part of
Wakaho as shown in Fig. 4. The number of earthquakes also increased
tremendously. In April and May, the activity was most violent and
earthquakes of intensity of more than IV on the JMA scale occurred
35 times.

5) Report of Matsushiro Earthquakes published by Tokyo District Meteorological
Observatory and Nagano Local Meteorological Observatory, January 1966.
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Fig. 4. Above: Epicentral distribution of the felt earthquakes during the period
from March to July 1966.
Below: Vertical distribution of the felt earthquakes during the period

In parallel with such violent seismic activity, the crustal deformations
The precise leveling repeated by the Earthquake
Research Institute showed that the upheaval of the ground with its
maximum on the northeastern side of Mt. Minakami increased its speed
The water-tube tiltmeters installed in the deep horizontal

from March to July 1966.

a-b: Plane of projection, A: Akashiba, H: Hoshina, M: Mori, N:Nire,

S: Sakaki, Z: Zbzan.

6) I. TsSuBOKAWA etal., ‘Levelling Resurvey Associated with the Area of Matsushiro

Earthquake Swarms. (1), Bull. Earthq. Res. Inst., 45 (1967), 265-288.
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Fig. 5. Above: Epicentral distribution of the felt earthquakes during the period
from August to December 1966.

Below: Vertical distribution of the felt earthquakes during the period

from August to December 1966.
a-b: Plane of projection, A: Akashiba, H: Hoshina, M: Mori, N: Nire,
S: Sakaki, Z: Zoézan.

underground gallery at Matsushiro showed also remarkable changes in
inclination of the ground since the middle of March”. The geodimeter

T) T. HAGIWARA, J. YAMADA and M. HirAl, “ Observation of Tilting of the Earth’s
Surface Due to Matsushiro Earthquakes. Part 1,” Bull. Earthq. Res. Inst., 44 (1966),
351-361.
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measurement conducted in this area also showed a large elongation of
the ground progressing in the north-south direction in this period®.

The earthquakes in the eastern part of Koshoku increased in number
since May and became very active in June. From 19h 14th to 06h
15th May, felt earthquakes occurred in the neighbourhood of Mt. Kamuriki
at a distance of more than 10km from the seismic area, the largest
one having the magnitude of 4.2. The earthquakes in this place
continued for only twently hours and then stopped but revived again
six months after, in January 1967.

3) 3rd stage of activity (August~December 1966)

Fig. 5 shows the distribution of hypocenters of the earthquakes
determined by our observation during this stage. In this period, the
seismic activity extended to Koshoku, Tokura, Kamiyada, and the
northwestern part of Sanada, so that the seismic area became of elliptical
form with a major axis 28 km long lying in NE-SW direction and a minor
axis 15 km long lying in NW-SE direction.

The large earthquakes with intensity larger than IV on the JMA
scale occurred 23 times in this period. Most of them occurred in
Matsushiro and Wakaho as they did in the previous period but a few
took place in Koshoku and in the neighborhood of Mt. Myotoku (northeast
of Wakaho).

A group of earthquakes that occurred in the neighborhood of Mori
at depths 8~10km in the previous stage gradually extended its domain
in this period and distributed in depths 2~8km in September. In
November, a certain number of small earthquakes occurred in the
southern part of Susaka at depths of more than 9 km.

The special feature of this period was that the earthquakes
decreased in number on the northeastern side of Mt. Minakami where
many cracks in echelon developed on the ground surface”. The feature
was noticed in October and became very clear in Nevember. These
cracks in the ground suggested an earthquake fault newly created in
the bed rocks. We may consider that a fracture zone was also created
in the bed rock along this fault and the energy released in the form
of seismic waves came to an end. In connection with such phenomenon,

8) K. KASAHARA et al., ““ Electro-Optical Measurement of Horizontal Strains Accumul-
ating in the Swarm Earthquakes Area. (2),”” Bull. Earthq. Res. Inst., 44 (1966), 1715-1733.

9) K. NAkAMURA and Y. TSUNEISHI, * Ground Cracks at Matsushiro Probably of
underlying Strike-slip Fault Origin, I-Preliminary Report,” Bull. Earthq. Res. Iunst., 44
(1966), 1371-1384.
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Fig. 6. Above: Epicentral distribution of the felt earthquakes during the period
from January to May 1967.
Below: Vertical distribution of the felt earthquakes during the period
from January to May 1967.
a-b: Plane of projection, A: Akashiba, H: Hoshina, M: Mori, N: Nire,
S: Sakaki, Z: Zézan.

the precise leveling repeated in Matsushiro showed that the upheaval
of the ground in Matsushiro was suspended and then the ground turned
to slight subsidence since October 1966. In addition, the geodimeter
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measurement conducted in November 1966 also showed that the elongation
of the ground in the north-south direction that continued in the previous
periods turned to slight contraction. We can say that such phenomena
observed in this area harmonize well with the noticeable decay of the
seismic activity there.

4) 4th stage of activity (January to May 1967)

Fig. 6 shows the distribution of hypocenters of the earthquakes
determined by our seismographic observation in this period. The number
of earthquakes in this period decreased greatly in the southern part of
Matsushiro and in the eastern part of Koshoku but many earthquakes
still occurred in Tokura, Kamiyamada, Sakai and near Mt. Myotoku.
Large earthquakes took place intermittently in Sakai and near Mt. Myotoku
but the frequenecy of such large ones also decreased.

The seismic area in this period extended to a wider area than the
previous period and took an elliptical form with major axis 34 km long
lying in NE-SW direction and minor axis 18 km long in NW-SE direction.

As regards the depths of the earthquakes, they occurred at depths
of 2~6km in and around Wakaho and at depths of 2~15km in the
eastern part of Koshoku and in Sakai. The number of small earthquakes
indicated in the figure is not very large in the neighborhood of Mt.
Myotoku in spite of the frequent occurrence of large ones. The station
of Nire (Azumamura) situated in the neighborhood of Mt. Myotoku
recorded many small earthquakes with P-S interval of 1sec or less and
this showed that small earthquake activity existed in that area but many
of them were not recorded clearly in the other stations so that we
could not determine the hypocenters of those earthquakes.

5) 5th stage of activity (June to October 1967)

Fig. 7 shows the distribution of hypocenters of earthquakes
determined by our seismographic network. In this period, the number
of earthquakes decreased greatly throughout the whole area. Sensible
earthquakes seldom originated in Matsushiro where the activity was
most violent in the earlier stages. The area where the occurrence of earth-
quakes was comparatively frequent was Koshoku, Tokura, Sakai and their
surroundings. We can notice that there was a group of earthquakes
occurring in the northern part of Sanada at depths of 2~6km. Such

10) K. KASAHARA et al., ¢ Electro-Optical Measurement of Horizontal Strains Accumula-
ting in the Swarm Earthquake Area (3),”” Bull. Earthq. Res. Inst., 45 (1967), 225-239.
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JUNE — OCTOBER 1967
Fig. 7. Above: Epicentral distribution of the felt earthquakes during the period
from June to October 1967.
Below: Vertical distribution of the felt earthquakes during the period
from June to October 1967.
a-b: Plane of projection.

oceurrence of small earthquakes in this area has continued from the
earlier stages but there have been no large earthquakes yet.
Earthquakes with intensity larger than IV on the JMA scale occurred
only once in June, September and October respectively. However, the
one which occurred in Sakai (M=5.0) at 19h 38m 14th September 1967
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Fig. 8. Above; Epicentral distribution of the felt earthquakes during the period
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Below: Vertical distribution of the felt earthquakes during the period *
from October 1965 to October 1967.
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inflicted slight

damage on houses in Sakai, Koshoku and Kamiyamada,

ete. The earthquake which occurred in Koshoku at 04h 48m 14th
October 1967 also inflicted damage on houses in Koshoku and in a part

of Matsushiro.
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4 ey /}'\_ﬁ L The determination of the
{0 sl (‘",'”"\(: ha hypocenters deseribed in this
Q2468 bkm _ SN paper was made under the
~L T Nl assumption of uniform strue-
7 sa¥on) f SR ture of the ground beneath
\ 'S iy ‘*';,,{:{Z?Q:f_:f’:j;g;;""" but the actual structure seems
«,\"{ ¢ to be more complicated so that
an Nt the determination must have
Bt o ) some degree of error. Seismic
S /L/L LI— prospecting by the wuse of

explosion is now under way in
this area so that we have the
intention of redetermining the hypocenters after obtaining a complete
report of this work.

In order to see the distribution of hypocenters throughout all the
periods of activity as a whole, the hypocenters indicated in Figs. 3~7
were put together as shown in Fig. 8.

Fig. 9 shows the spread of seismic area in each stage of activity
determined by our seismographic observation. For the sake of comparison,
the area where the ultra micro-earthquakes were occurring was also
drawn in the figure, following the data obtained by the other parties
of our Institute’?~,

Fig. 9. Seismic active area in each stage.

3. Large earthquakes

The large earthquakes that gave intensity larger than IV on the
JMA scale (VI on the modified Mercalli scale) are listed on Table 2.
The distribution of hypocenters of these earthquakes is shown in Fig. 10.
The number of such large earthquakes throughout the whole period
was 48 in Matsushiro, 21 in Wakaho, 4 in Koshoku, 4 in Sakai, 3 in

11) K. Hamapa and T. HAGIWARA, “High Sensitivity Tripartite Observation of
Matsushiro Earthquakes. Part 1,” Bull. Earthq. Res. Inst., 44 (1966), 1213-1238.

12) K. HAmMADA and T. HAGIWARA, “High Sensitivity Tripartite Observation of
Matsushiro Earthquakes. Part 2,” Bull. Earthq. Res. Inst., 44 (1966), 1239-1268.

13) K. HamaDpA and T. HaGIWARA, ‘““High Sensitivity Tripartite Observation of
Matsushiro Earthquakes. Part 8,” Bull. Earthq. Res. Inst., 44 (1966), 1665-1687.

14) K. HamapA and T. HAGIWARA, “High Sensitivity Tripartite Observation of
Matsushiro Earthquakes. Part 4,” Bull. Earthg. Res. Inst., 45 (1967), 159-196.

15) M. OHTAKE, H. CHiBA and T. HAGIWARA, ““Ultra Micro-earthquake Activity at
the Southwestern Border of the Area of Matsushiro Earthquakes. - Part 1,” Bull. Earthq.
Res. Inst., 45 (1967), 861-8%6.
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Fig. 10. Above: Epicentral distribution of the Matsushiro earthquakes that gave maxi-
mum intensity larger than IV during the period from November 1965
to October 1967. '

Below: Vertical distribution of the Matsushiro earthquakes that gave maximum
intensity larger than IV during the period from November 1965 to
October 1967.

(Projected to the vertical plane a-h)

Sanada, 3 in Sakaki, 2 in Azumamura, 2 in Susaka and 1 in Omi. The
depths of these earthquakes were 2~5km in the Matsushiro area, 3~
8 km in the Wakaho area and 6~12km in the southwestern region.
We traced the epicenters of these earthquakes on a map in order
of occurrence as shown in Fig. 11. As seen in the figure, the large
earthquakes in the first stage of activity occurred in a small limited
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area on the southern side of Mt.
Minakami ((a) No. 1~11). They
took place first on the southeastern
side of that mountain, moved
clockwise along the foot of the
mountain towards the western
side of the mountain and returned
to the original place. Inthe second
stage of activity, large earth-
quakes occurred in the western and
northern parts of Mt. Minakami
and then moved towards Wakaho
((b) 16~23). In the third stage
of activity, large earthquakes
occurred in the northeastern and
southwestern parts of Matsushiro
including the southwestern part
of Wakaho. In the fourth stage
of activity, no more large earth-
quakes occurred in Matsushiro but
they took place intermittently
near the northeastern and south-
western boundary of the seismic
area.

The large earthquakes took place always in the area where small
earthquakes clustered with only one exception in the area of Kamiyamada
and Tokura, where no large earthquakes have occurred since the outbreak
of the Matsushiro earthquakes in spite of the very frequent occurrence
of small earthquakes in that area.

(Q) DEC..1965-FEB.,1966

[ (bymar - u

138°15°€

(d)JAN. —OCT., 1967

Fig. 11. Trace of epicenters of large
earthquakes in the order of occurrence.

4. The monthly number of earthquakes and the energy
released by the earthquakes

The monthly number of earthquakes of which the hypocenters were
able to be determined by our seismographic observation is listed in
Table 3. The determination of hypocenters was made according to the
following criteria: 1) The earthquake was recorded at least three
stations. 2) The P and S phases were clear. 3) When too many
earthquakes were recorded on a seismogram in the one day beyond the
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Fig. 12. Cumulative sum of energy released by Matsushiro earthquakes.

capability of the seismogram interpreters (normally two persons engaged
in the interpretation of the acceleration seismograms), 50 of the larger
earthquakes were selected to be read off. Referring to the frequency
curves of the magnitude of the Matsushiro earthquakes determined by
our observation, it is to be expected that we were able to determine
the hypocenters of almost all the earthquakes with magnitude larger
than 2.5 under such criteria. In the period from April to June 1966
when the seismic activity was most violent, the number of determined
hypocenters was not very large in spite of the large number of earth-
quakes which actually occurred in this period. This was due to the fact
that so many earthquakes were recorded on seismograms that they were
superimposed on each other on the seismogram and we found it difficult
to read off the P and S phases.

The monthly number of earthquakes of which the maximum amplitude
was larger than 3mm on the acceleration seismograms is listed on
Table 4. The monthly number of earthquakes recorded by the HES
electromagnetic seismographs is also listed in on Table 5.

The cumulative sum of energy released by the earthquakes is shown
in Fig. 12 and the monthly value of the released energy is listed in
Table 6. The energy released in each stage of activity was as follows :

1st stage (August 1965~February 1966) 252.5x10% erg (M=5.7)

2nd stage (March~July 1966) 841.4%x10% erg (M=6.1)
3rd stage (August~December 1966) 392.1x10% erg (M=5.8)
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Table 1. Constants of Seismographs.
Seismographs
No. Station Comp. EI(;:SZ éﬁgggg‘;ﬁﬂ Observation term
iS(gal/
V max vV \ mm)
]
E |50,000| 220 2.0
; HES) Oct.  6,1965—Mar. 17,1967
1 Zozan N 110,000 220 | 2.0/ : ,
7 110,000 220 20 (Ace.) Oct. 7,1965—Mar. 7,1967
E (10,000 220 2.0
. > HES) Oct.  7,1965—Mar. 17,1967
2|  Akashiba N [10,000| 220 | 20! . ;
Z |10000| 220 20! (Acc) Oct.  8,1965—Mar. 6,197
E 50,000, 220 2.0
. ’ HES) Oct.  8,1965—Mar. 81,1967
3|  Hoshina N |10,000 | 220 20! »1965—
Z 1100000 220 20| (Acc) Oct.  8,1965—Mar. 17,1967
E |10,00 220| 2.0
. ; HES) Oct. 21,1965—Nov. 10,1965
4 Mori N | 100000 220 200! »1965— ;
7 | 10,000 290 20 (Ace.) Feb. 13,1966—Mar. 17,1967
E 110,000 220, 2.0
5 Toyono N (10,000 | 220! 2.0 (HES) Feb. 10,1966—Feb. 20,1967
Z 110,000 2201 2.0
E |10,000| 220 2.0
’ HES) Mar. 17,1966—Jun. 17,1966
6 Toyoda N |10000 220! 2.0/ +1966— s
7 110,000 290 20 (Ace.) Mar. 16,1966—May 5,1966
E [10,000| 22| 2.0
’ HES) Apr. 22,1966—Apr. 24,1967
7|  Nagano N 10,000 220 2.0 »1966—
7 10,000 220 20 (Ace.) Apr. 22,1966—Apr. 25,1967
E 220 | 2.0 ,
8 Naganuma N 220 2.0 | (Aec.) May 11,1966—Feb. 17,1967
Z 220 2.0
E 150,000 220/ 2.0 :
9 Nakano N | 10,000 290 20 (HES}) Apr. 3,1967—Continued
Z 1100000 | 220 20| @Ace) Dec. — 3,1966—Mar. 23,1967
E [10,000 220| 2.0 :
10 Nire N | 10,000 290 20 (HES) Apr. 13,1966—Continued
7 (100000 | 220 2.0 | (Ace) Apr. 13,1966—  «
11 Sakaki B oo0 20 (Acc) Jun. 18,1966—Dec. 14,1967
E 10,000 220| 2.0 .
12 Sanada N 10’000 290 2.0 (HES) Sep. 6,1966-00[1(31(1\16(1
7 110000 220| 20 (Acc) Aug. 20,1966—  »
E (10,000 220| 2.0
’ HES) Feb. 25,1967—  #
13|  Ikusaka N 100000 | 22| 20! - 1967—
7 10’000 290 2.0 (ACC.) Mar. 24,1967 ”
E 10,000 220 2.0 '
14|  Asakawa N |10,000 | 220 | 2.0 (HES) Apr. 24,1967—
Z 110,000 290 20 (Ace.) Apr. 28,1967— ”
E 110,000 220 2.0
. > ‘ (HES) Sep. 8,1967— ”
15 | Kamimuroga Iil 10,000 gggl gg (Acc) Aug. 1.1967— Y
. . 2 .
16| Shinmachi | = }8:888 2%8’ 50| HES) Aug. 18,1967— «
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Table 2. List of the Matsushiro earthquakes that gave intensity
larger than IV on JMA scale during the period from
November 1965 to October 1967.

Intensity
No.| Date (1}:';1;1') Station (SS;I:) M %‘z&t)h Damage
. v v |m || o1
1965 Ak [ 0.50 MTM
1 Nov. 04 23:45 Ho |0.99| 4.6 | 3.7 MAT NANUED/Y 2%
Zo 0.75 i
Ak | 0.40
: NAN KOF
2 13/ 23:14 Ho |0.85| 4.5| 2.9 MAT MTM
Zo |0.65 UED TAK
Ak |0.45
3 21/ 03:30 Ho |1.05 4.7| 2.7 MAT
Zo | 0.56
Ak | 0.60
. ; Nagano
4 22 21:09 Ho |01 4.8 3.7 MAT NAN MTM Jagane .
Ak | 0.60 |
. MATMTMUTO .
5 22:30 IZI(()) égg ;4.7 8.2 NANUEDTAKNAO Matsushiro
Ak | 0.55
6 23 02:57 Ho |1.10| 5.0| 2.5 %ﬁgUEDﬁggMTMhhmMMm
Zo 0.45
Ak | 0.70 .
7 24/ 14:13 Ho |1.05| 4.5| 4.0 MATNANUED Matsushiro
Zo 0.50
Ak | 0.70
8 Dec. 09 23:11 Ho |1.04 | 4.3| 4.2 MAT NAN
Zo 0.60
Ak | 0.70
. KOS UED Nagano
9 19 13:438 Ho |1.14, 4.0| 2.7 Ko SNANTED Magano
Zo | 0.40 .
1966
Ak |0.70
, MAT|NANMTMUTS :
10 |Jan. 03 03:59 1%(()) (l)g(s) 45| 4.0 KOHUEDKARIMIT Matsushiro
Ak |0.81
_ SHI|NANKOM
1 08 22:34 Mo |0.99!| 4.7| 3.7 SHINANKON
Zo | 0.50 | v
12 o3l 20:16 ﬁg %% L6 29MATNANMTMKARMEBMMmmm
116 Ho 11.19) 4. 9 KOH UED|T AK T OK| Kohoku
Ak |0.80
18 [Feb. 07 04:05 o | 0.09 4.4 L5MAT§%¥§%§%X%%8§BMW%Mm
0 . .
Ak | 0.70
: MATNAN
14 12 04:05 Ho |1.09| 4.6| 2.5 UED
7o | 0.85 KOHKOS
Ak | 0.50
15Mm.%“&% Ho | 104, 45 3.6 A AT
0 .

(to be continued)
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(continued)
Intensity
No.| Date (I;E{) Station (Ss_elc)) M D(Eglt)h Damage
: VIV‘III‘H’I
1966 Ak | 0.80 MAT
16 |Apr. 10/ 07:03 IZIo %.14 4.5 2.5 KOSNANUED T A K| Matsushiro
0 .30
Ak | 1.00
. : MAT UED Wakaho
17 01 05:25 Ho 0.64| 4.9 4.2 WAKINRY U PmE B Jakaho
Ak | 1.50
, : NAN UED|TAK[MI T| Nagano
18 05 1751 Ho 107191 5.1 4.3 yypMATIMTMERAR|UT S| Matsushiro
Ak | 0.74 -
. : NANKAR Matsushiro
19 1 04:57 Ho 0.80 | 45 3.4 MAT(S G R A (T A k| Mateust
Ak |0.84
20 04:58 Ho |0.74| 4.5| 1.5 MATIéIIAJIiIUED
Zo 0.45
Ak |0.64
21 06:06 Ho |0.79| 45| 3.0 MATXKOHNANURD|TAK
KOS MEB
Zo | 0.50
ak 1 1.09 NAN TAK
22 14 09:09 Ho |1.58| 4.1| 6.2 MAT
Ho 15:58 UED KAR
Ak |1.05
23 16 09:07 Ho | 1130 | 49| 438 AN AN WAKMTM Matsushiro
0 .
24 15:06 Ho |0.84| 4.1| 3.3 MATNANUEDNY Y
Zo 0.85
Ak | 1.15 .
2 17 10:21 Ho | 079 | 5.0| 5.5 MAT AR UEDMTM Matsushiro
Zo 11.10 Wakaho
Ak |0.84
26 10:22 Ho |0.89| 4.7 5.6 MATINAN
Zo |1.00
Ak | 0.80
27 15:46 Ho |1.09 4.4 3.0 MATSHINAN KAR
KOH[SUZ
Zo 0.40
Ak | 1.0
28 20:02 Ho |1.04| 4.4| 5.8 MAT|NAN
Zo |1.29
Ak | 0.89
29 20:06 Ho | 0.79| 4.3| 3.2 MAT NAN
Zo | 0.45
Ak | 0.90
30 20:28 Ho |1.25| 4.2| 2.3 MATKOS|NAN
Zo | 0.40
Ak | 0.80
31 28 14:38 Ho |0.95| 4.5| 5.3 WAK|SyzluEpMTM
MAT TAK
Zo |0.85
(to be continued)
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(eontinued)
Intensity
No.| Date (ﬁ‘;l;l') Station (SS;IC)) M [()ﬁ?nt)h Damage b
: V}IV}HI|H\1
1966 ,
N[ 140 MAT
32 May 02 00:44 Na |2.10 | 4.7 6.9 MAT UED|TAK .
Ho |0.99
7o | 1.00 ‘
33 00:45 Ni |1.50 | 4.5| 3.6 MaAT UED|TAK .
Na 2.00
Ak |0.80
34 04 10:48 Ho |1.10| 4.5| 3.6 %‘J,ﬁg SUZUED|TAK
7o | 0.50 )
Ak | 1.00
35 06 19:08 Ho | 0.65| 4.6| 2.8 NAaN %%%KAR Wakaho
7o | 0.90
Ak | 0.50
36 19 21:51] Ho |0.75| 4.4| 1.3 MAT%%EUED&%Q
Zo | 0.40
Ak | 1.04
37 20 09:30 Ho |0.90| 4.9 5.5 wak MATuepMATITAK Nagano
0 .
Ak | 0.50
38 29[ 17:280 Ho |0.75 | 4.5| 4.7 MaT/EAY UED
Zo | 0.40
Ak |0.50
39 95 05:57 Ho |1.15| 4.4| 2.5 MAT/VA R UED[S I Wakaho
Zo | 0.50
Ak |0.95 MTM
40 270 22:03| Ho |0.90| 4.1| 4.4 NANMAT/UED[Y T}
Zo | 0.80
Ak |1.39
SUZ UED
4 28l 12:28 Ho |1.00| 4.2| 6.8 NAN KAR
o | 1.00 WAK MAT
Ak | 0.90 ;
. ; MAT UED|TAXKINI 1| Matsushiro
Zo | 0.50
Ak | 1.15
43 |Jun. 11/ 12:05) Ho [1.00 | 4.6 4.5 WARMATIUED 50 )
Zo | 0.90
Ak | 1.00 .
44 12 09:43 Ho |1.25| 4.6 6.8 NANluepE 4R TAK) Natsushiro
7o |1.39
Ak | 1.10 .
45 21| 22:05 Ho | 0.50 | 4.6 | 3.0 NANMAT UED
Zo 1.20
Ak | 1.19
46 2 16:30 Ho | 0.69 | 46| 438 WAK%I{}I;MAT MM T 2K wakano
[o] .
47 281810 Ho |0.90 4.6 5.3 S ANANMAT
0 .

(to be continued)
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(continued)
Intensity
No.| Date (ﬁ'g’) Station (SS;E) M D(ﬁgf)h Damage
: V‘IV’IH’II'I
1966
Ak |1.05
48 [Jul. 01/ 05:320 Ho |0.85| 3.7| 4.7 wak ¥aNuep [4K
Zo | 1.00
Ak | 0.95
49 10 15:44 Ho |0.75| 4.4 4.8 Nal UEDSAR
Zo |1.10 !
Ak |0.65 '
MTMTAK|NI I| Matsushiro
50 [Aug. 03 03:48 Ho |1.44| 5.0 3.2 MAT|NAN
Mo | 1.00 UEDKOF|CHO| Sanada
Ak | 1.05
51 08 09:37 Zo 1.15| 4.7 5.5 AT RAR TAK! Wakano
Mo |1.73
Ak | 0.75
52 14 04:05 Ho  1.85| 4.1 3.2 MAT/NAN
Zo | 0.50
Ak | 0.75 NAN
53 16 18:42 Ho | 1.49 | 4.4| 2.1 MAT Nax Matsushiro
Zo | 0.50
Ak | 1.09
54 20 19:50| Ho | 1.15| 4.4 5.1 MAT 11\‘}[3%3“0.
Mo |1.36 atsushiro
Ak | 1.05
55 19:50, Ho |1.10 | 4.4 3.5 MAT[SJEZDMTM
Mo 1.26
Ak | 1.60
, NANSUZ|TAKMI T| Koshok
56 28/ 13:09 Sk |1.00| 5.0 7.0 KOS oshoku
: Ni |1.51
57 29 00:36) Ak |0.75 | 4.6 | 4.5 %QEIUED%K%{“
Ho | 0.80
Ak | 0.91
58 10:37, Ho |0.74 | 4.4 3.2 WAKNANMAT
Zo | 1.42
Sk | 1.65
59 |Aug. 31 13:37 Ak [0.80 | 4.8 5.4 MAT ey
Mo | 1.52
Sk | 2.0
60 Sep. 06 03:37 Ak | 101 4.9 5.2 N AN S U2y E A% s tsushiro
0 .
Sk | 1.70
61 07 15:18 Ak |1.00 | 4.1 4.8 MAT NAN
Mo |1.15
Ak 10.90
62 09 16:14 Ho |1.00 | 4.2| 4.8 wak NANuvED STV
Mo | 1.85 :
Ak | 1.00
63 14 06:260 Ho |0.50 | 4.5| 2.0 WAK S &)
Zo | 1.10

(to be continued)
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(continued)
[ Intensity
No.| Date (E'%) Station (SS;E) M D(le{rl)rf)h Damage
: v [ |m| o
1966
Sa 2.61
64 Sep. 14/ 10:14] Mo | 1.68| 4.9 6.0 g%gUEDMTMﬁ}f% }’\}’;é‘:r}llg ]
Ni | 212
Ak | 1.2 MAT
65 24/ 19:29) Ho |1.00 4.4 4.1 wAk[MAT Wakaho .
Zo 1.10
Ak | 1.05 pIMEB )
66 27 04:08 Ho |18 5.0 5.1 Kos[GH I NANULDNMEL Matsushiro
Sk | 2.29
6 Oct. 18 08:01 Ak |150| 49| 9.0 TARSUZMEB LD Wakano
(0] .
Sk | 1.65
68 19/ 00:04/ Ak |1.66| 4.8 9.0 %g%%ﬁﬁKARMTM
Mo |1.69
Sk | 1.25
69 23 11:14 Ak |1.41| 4.5| 6.0 %g?ﬁﬁngR
Mo | 1.09
Ak o 1.97 NANMATMEB|SUW| Azumamura
70 20 03:04 Ho | 119 5.0 6.0 |AZUSARIE DT ARNM Y 1| 4umamur
Mo |2.23 Taka:
Ng | 2.16
7 31/ 14:01 Ho |1.49| 4.0| 8.8 AZU Mad
Zo 2.24
Ak | 1.10
72 [Dec. 01 19:36 Ho |0.90 | 4.2| 3.9 WAK/INANMAT
Zo |1.05
1967
7 Jan. 16 12:32 Ho 298 5.0 10.2 [SA T Egg%;{%%{‘AR”D g?xlfilrlrfﬁra
a .
Ak 2.70 0K .
74 [Feb. 03 17:17 Ho 340 48 112 SAI ﬁﬂ%ﬁ%?m (S)i}x(ian:lura
0 .
Sk |1.80
75 08 18:50 Ak |2.50 | 4.5|12.5 SAT .
Mo |2.08
Ak | 1.50
76 09 09:50 Ho |1.05| 4.2| 5.9 AzUFENMATMTN
Zo |1.55
Ak | 1.94
77 12 09:22 Ho |1.29| 4.5| 5.0 S9ZNaNMAT T Y o
Zo 1.80
Ak |1.86 STUZ MAT
78 21/ 14:31 Ho |1.15| 4.0| 4.5 L NANMAT
Zo 1.80
Ak |1.60
7 Mar. 010614 Ho | 129 | 48 77 Azu[§aXINANyED
0 .

(to be continued)
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(continued)
. R Intensity
No.| Date ({x).’lrr‘{) Station (SS ef) M D(f\?ﬁ)h Damage
: VIIV‘III}II’I
1967 |
Ak |1.30
UEDINANKAR
. 80 [Mar. 02 03:40; Sa |1.73| 4.8 5.4 Sanada
Sk 202 AZUMATMTM
Sk |1.75 MAT
. 81 |[Apr. 14| 18:43 Sa 270 | 4.1 8.0 SAIOMI UEDMTM
Ni 3.70
Sk | 2.00
’ MATMTM|IID . .
82 May 05! 08:25| Sa 3.00| 4.7| 2.3 SAI Shinonoi
. As | 401 KARCHI|KUM
Sk 2.30
. NAN UED| Azumamura
83 23 07:49 Is\ﬁ ggg 3.8 3.0 AZU SUZMATMEB Suzaka
Sk 2.49
WAKNANMAT
84 30 16:03] Sa | 2.30 | 3.7 3.6 MTM| Suzaka
Ni | 020 AZUSUZUED
Sk 2.99
85 91:27 Sa |2.91, 4.0, 5.6 Azujsuz A YNTN
Ni 1.51
Sk 1.61 .
. NAN Sakaimura
86 \Jun. 24| 01:31 IS\I? gg? 4.4 5.8 SAI MAT MTMIID Omimura.
Sk | 1.75
NANMTM SUWIID .
87 {Sep. 14/ 19:38 Sa |2.76| 5.0 6.9 |SAI Sakaimura
¢ Ni 370 MAT|{SUZIKARUTS
Sk 1.29
. MAT MTMINII Koshoku
88 |Oct. 14| 04:48 ?\ﬁ ggg 49| 54 KOSUED TAKINAO Sakaki
1965 Ak | 0.55
Nov. 05 10:07 Ho — | 4.7 MAT NANUED
Zo —
1967
Sk | 4.51
Aug. 21/ 16:50 As | — 2.0% KAS Nax
Ni 1.90
1) Abbreviation of the names of station:
Ak: Akashiba Mo: Mori Ng: Naganuma Sa: Sanada
As: Asakawa Ni: Nire Sk: Sakaki Zo: Zozan
Ho: Hoshina Na: Nagano
2) Abbreviation of the names of places:

* AZTU: Azumamura KOF: Kofu NAN: Nagano SUZ: Suzaka
CH I : Chichibu K OH: Kohoku NAO: Nagaoka T AK: Takada
CHO: Choshi KOM: Komoro N GO: Nagoya TOK: Tokyo
FUN: Funatsu KO S: Koshoku NI I: Niigata UED: Ueda
I1D: lida KUM: Kumagaya SAI: Sakaimura UT S: Utsunomiya
I1Y: liyama MA T: Matsushiro S AK: Sakakimachi WAK: Wakaho
KAR: Karuizawa ME B: Maetashi SH I: Shinonoi YUD: Yudanaka
KA S; Mt. Kasagatake M1 T: Mito SUW: Suwa

KAW: Kawanakajima MTM: Matsumoto
«: Reported by JMA
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Table 3. The number of earthquakes of which the hypocenters
were determined.

M<3.9 M>4.0 M>5.0 Total

1965 October 132 1 133
November 225 18 1 244
December 256 16 272

1966 January 242 9 251
February 149 9 158
March 1 206 16 222

April 545 67 2 614

May 734 69 803

June 848 47 895

July 758 18 776
August 770 33 2 805
September 680 26 1 707
October 393 12 1 406
November 411 9 420
December 351 9 360

1967 January 323 10 1 334
February 275 6 281
March 145 7 152

April 43 1 44

May 51 2 53

June 29 1 30

July 12 12
August 13 13
September 43 1 44
October 30 2 32

Total 7,664 388 9 8,061
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Table 6. Monthly and cumulative sum of energy released by the
Matsushiro earthquakes.

Monthly Cumulative
1965 October 8.62x 108 ergs. 8.62x 108 ergs.
November 96.59 105.21
December 40.15 145.36
1966 January 49.35 194.89
February 57.60 252.50
March 53.13 305.62
April 320.03 625.65
May 262.46 888.11
June 151.61 1039.72
July 54.14 1093.87
August 149.69 1243.56
September 125.56 1369.12
October 72.59 1441.71
November 20.84 1462.55
December 23.44 1485.99
1967 January 58.89 1544.88
February 24.43 1569.31
March 27.51 1596 .82
April 2.79 1599.61
May 10.84 1610.45
June 4.53 1614.98
July 3.38 1618.36
August 1.24 1619.60
September 25.07 1644.66
October 17.07 1661.73
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4th stage (January~May 1967) 124.5x10% erg (M=5.5)

5th stage (June~OQOctober 1967) 51.83x10% erg (M=5.3)
The number in parentheses on the above table indicates the magnitude
of a single earthquake releasing correspondentienergy. The total energy
released by the earthquakes through November 1967 is 1.66X10* ergs
which corresponds to the energy released by a smgle earthquake with
a magnitude of nearly 6.3.

Through December 1967, the earthquakes were felt by people only
two or three times a day in Wakaho, Matsushiro and in the northeastern
and southwestern boundaries of the seismic area. However earthquakes
with larger magnitude, some of them destructive, still occur intermittently
in Azumamura, Koshoku and in the southwestern parts of the seismie
area.

The authors express deep thanks to Miss Kazuko Makino, Miss Mieko
Matsubara and Miss Ryoko Kawashima for their assistance in compiling
the data for completing this paper.
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