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The high sensitivity tripartite observation was commenced at Hoshina
(36° 35’ N, 138° 16’ E), Nagano Prefecture, about 7 kilometers northeast
of the town of Matsushiro on October 31, 1965, with a view to investigate
the activities of micro and ultra-micro earthquakes in the area of Matsu-
shiro Earthquakes. The observation was done as one of the programs
projected by the Earthquake Research Institute, University of Tokyo, con-
cerned with Matsushiro Earthquakes.

This paper is the first report of the result of the tripartite observa-
tion carried out on the pericd from October 81 to December 18, 1965, the
second observation by the same method was started after ieterruption of
sixty days on February 20, 1966. However, the result of the observation
in the second period including an overall analysis of the whole period in
comparison with the observational result of other kinds carried out by other
members concerning Matsushiro Earthquakes will be reported as the second
report.

1. Method of observation

Three seismographs of vertical moving-coil type with natural frequency
of 8 cps were set up at vertexes of a triangle with sides of 1,028 m, 902 m
and 686m as shown in Fig. 1, in which the observation points are marked
with circles. We used a magnetic tape data-recorder of 3 channels capable
of working for 90 minutes continuously with tape speed of 95 mim/sec,
using a T-inch reel of tape.

Recorded earthquakes were played back to a visible record with pen-
galvanometers of 90 cps in natural frequency with paper speed of 30
mm/sec. The block diagrams of the recording and reprecducing systems are
shown in Fig. 2. Fig. 3 illustrates overall frequency characteristics of
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Fig. 1. Map around the observation points.

trace amplitude on the record against the velocity of the ground motion.
The magnification is 75,000 for the vibration of 15 cps. We observed
earthquakes usually for 90 minutes in the day-time once a day and obtain-
ed records of 65 hours in total during the period from October 31 to
December 18, 1965.

In the present observation, earthquakes with magnitude larger than 1
occuring within the distance of at least 40 kilometers from the observa-
tion points were expected to be detected, considering the V-r relations illu-
strated by Muramatsu? in which V and » are maximum velocity amplitude

1) I. Muramatsu, Zisin, 4 (1964), 210.
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of the ground and hypocentral distance respectively.

2. Background noises

Background noises in the present case were very low compared with
the detected signals, due to the observation points being in a quiet village
where there were almost no artificial noises and no agricultural work in
progress at this particular season. In addition to such good conditions of
the ground characteristics of the instruments was also effective in decreas-
ing background noises, as shown in Fig. 8. As the sensitivity of the
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Fig. 2. Block diagram of recording and reproducing systems.
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Fig. 3. Overall frequency characteristics of the instruments.

apparatus was not extremely high in the present case, instrumental noises
were out of question.

3. Aspects of seismograms

Seismograms of the Matsushiro earthquakes obtained by our observa-
tion have evident characteristics in certain of their aspects, i.e. P phase
is very sharp and of large amplitude compared with that of S phase in
most cases. S phase is also sharp and of large amplitude. Both P and
S waves begin with large amplitude and damp quickly. As both P and
S phases are very sharp, the arrival time of P phases was identified, in
most cases, with an accuracy within 0.01 second and S phase was deter-
mined, in 50 percent of cases, with an accuracy within 0.05 seconds.

Examining seismograms, we found that P-S time intervals concentrat-
ed in the range from 0.5 to 1.0 second, the period of the maximum am-
plitude being between 0.05 and 0.1 second in most cases. Typical exam-
ples of the seismograms are shown in Fig. 4.

4, The number of earthquakes

The number of earthquakes obtained by the tripartite observation are
listed in Table 1. For the sake of comparion, the number of unfelt and
felt earthquakes announced by the Matsushiro Seismological Observatory,
Japan Meteorological Agency, ave listed together. They are also shown
in Fig. 5. The scale of the ordinate on the right-hand side in Fig. 5-a
indicates daily number of earthquakes obtained by extrapolation, assuming
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Fig. 4. Scismograms obtained at Zaike, Hachiman and Sugama
in order from the top to the bottom.

that frequency of occurrence is of the same rate throughout a day. We
were not able to find any relation between the number of occurrences of
micro-earthquakes and that of large earthquakes with magnitude larger
than 8.5. The number of shocks obtained by our observation fluctuated,
the average number being on the level of 200 in 90 minutes in the period
from October 81 to November 30, and of 100 in 90 minutes after Decem-
ber 1. On the other hand, the number of unfelt shocks announced by
JMA, excluding November 22 and 23, did not show such fluctuation, the
average number being 670 a day. The 4th column of Table 1 gives the
number of shocks of which the maximum trace amplitudes are equal to
or larger than 5 mm, and of which the location of the foci, P-S intervals
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Table 1. List of earthquakes

! . Number of un- .
Date | OUSEvation | ltnguaies | earthquares Ol carthauakes AETINGE
< detected analyzed JMA y earthquakes
Oct.31 | 15:47-17:13 296 18 617
Nov.1 | 15:35-17:05 301 32 843
2 | 16:41-18 11 397 10 616 3.8
3 | 16:40-18:10 254 593 3.9
4 723 3.7,4.1
5 | 14:06-15:36 222 28 625 3.8
6 | 11:58-13:28 217 29 594
7 | 13:15-14:15 93 14 664
8 | 14:11-15:41 154 27 768 3.7
9 | 13:10-14:40 141 19 600
10 696 3.7
11 | 11:12-12:42 211 27 695 3.8
12 | 14:33-16:03 161 33 926
13 | 15:00-16:30 275 35 755 4.2
14 | 15:00-16:30 295 55 512
15 | 15:25-16:55 334 46 626
16 600 3.8
17 | 16:00-17:30 357 46 638
18 | 15:08-16:38 181 28 647 3.7
19 | 15:07-16:37 232 40 762 4.0
20 | 14:06-15:36 233 34 704
21 | 14:27-15:57 325 3 731 4.1,3.8
22 | 14:09-15:39 164 20 1778 4.4,4.3
23 | 14:05-15:35 118 17 1441 4.5
24 | 14:08-15:38 163 17 896 4.1
25 | 13:56-15:26 117 26 632 3.7
26 14:02-15:32 144 27 587 3.9
27 14:02-15:32 90 12 901 3.7
28 | 14:01-15:31 127 2 782
29 14:12-15:42 106 21 590 3.7
30 ' 15:03-16:33 98 9 496
Dec. 1 15:34-17:04 97 10 594 3.8,3.7
2 | 15:03-16:33 102 21 816
3 } 14:06-15: 36 64 23 60S 3.6
4 \ 14:01-15:31 S0 19 657

(to be continued)
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(continued)
! T . Number of un- :
Date | Obserbation | JUEESL | ovnquakes (oIt earthouakes op il
detected analyzed IMA ¥ earthquakes
5 14:42-16:12 96 44 678 3.8
6 14:23-15:53 111 34 759
7 14:11-15:41 73 21 634 3.9,3.8,3.8
8 14:05-15:35 65 48 659 3.7,3.7
9 15:17-16: 47 118 36 719 4.0
10 916
11 14:38-16:08 96 16 666 3.8
12 10:10-11:40 67 14 513 3.8
13 604
14 596
15 13:53-15:25 97 30 695
16 13:50-15:20 54 18 686
17 14:50-16:20 96 19 448
18 15:30-17:00 72 29 587

and magnitude were obtainable. For the sake of convenience, we divided
the period of observation into seven weeks and conducted data processing.

5. Distribution of P-S intervals

Frequency distributions of P-S intervals are shown in Fig. 6-a, in
which the period of observation is divided into seven weeks. While fre-
quency distribution in total period is shown in Fig. 6-b. In these figures,
only the values of P-S intervals determined by the record obtained at
Zaike, one of the three observation points, are shown. 80 percent of all
the P-S intervals lie between 0.6 and 1.0 second as shown in Fig. 6-b. It
is noticeable that the P-S times larger than 1.4 or less than 0.1 seconds
were not observed throughout the whole period of observation.

We cannot find the significant difference in the distribution of P-S
times each week, except for a small peak around 0.4 seconds cccuring in
some weeks.
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Fig. 5-a.
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The number of earthquakes obtained by the tripartite observation.
Scale of the ordinate on right-hand side indicates daily number
obtained by extrapolation.
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5-b. The number of unfelt earthquakes announced by JMA.
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6. Determination of the seismic foci

We have no detailed information for the propagating velocity of P
and S waves in the area of Matsushiro earthquakes. Therefore, we as-
sumed simply that the underground structure in this area is isotropic and
homogenous, the velocities of P and S waves being constant with depth.

In order to determine the seismic foci, we solved the following sim-
ultaneous equations, using rectangular co-ordinates X, Y and 7.

(X =X+ (Y —Yi)2 4+ (Z—Zi)>=(t; — t,)2V 2
i=1, 2 and 3
PSi-k=(ti—to)Vyp i=1or 2 or 3

where X, Y and Z are co-ordinates of the location of the foci Xi, Yi and
Zi co-ordinates of observation point i, # and PSi arrival time of P wave
and P-S interval obtained at observation point 4, V, the velocity of P
wave, k a constant, to origin time.

We assumed that the velocity of P wave is 5.0 km/sec taking the lower
limit of apparent velocity obtained by the tripartite observation, as shown
in Fig. 7. The constant k& was determined to be 7.3 km/sec by the ordi-
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Fig. 7. Apparent velocity obtained by the tripartite observation.
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nary seismographic network consisting of four observation points in the
same region made by other members of our institute.? Theoretically it
could be said that P-S time intervals at three observation points and the
constant & can determine the foci but accuracy of location of the foci is
not sufficient on account of roughness in P-S time interval in the case of
the present observation in which three triangular points are at the distance
of only 1 kilometer from each other. Therefore, locations of the seismic
foci were calculated with arrival times of P wave identified with better
accuracy at the three observation points, P-S time interval at one of the
three observation points, velocity of P wave and the constant k. In de-
termination of the seismic foci, we can use a P-S time interval at any
observation point because P-S time interval at one observation point is
equivalent to that at another in the above-mentioned method of determi-
nation of the foci.

The assumption that the constant % is 7.3 km/sec and the velocity of
P wave 5.0 km/sec, as adopted in the present case, means that the velocity
of shear wave is 3.0 km/sec and 4=(7/9)p, where 2 and z are Lame’s
constants. If these values of elastic constants differ significantly from
the results of other investigations in the same region, propriety of the
values shall be considered again. If the values of the velocity of P wave
and the constant % change, the locations of the seismic foci will change
as follows: the foci of the shocks will be shallower”and the epicentral
distances longer if the velocity of P wave increases, the foci deeper and
the epicentral distances longer if the constant %k increases.

As there are a large number of earthquakes, an electronic computer
was used for both calculation and plotting of the locations of the seismic
foci. The results are shown in Figs. 8 and 9.

We took rectangular co-ordinates when calculating the seismic foci.
X,Y and Z axes were taken in the northeast, in the northwest and vertically
downwards respectively, Zaike, one of the observation points, being taken
as an origin. The foei were projected on X-Y, X-Z and Y-Z planes.
These planes illustrate the distribution of the seismic foci in three dimen-
sions. The planes to which the foci were projected were divided into
50X 50 meshes 212 meters long and 255 meters broad for the convenience
of the line printer of the computer. The numbers of the foci are shown
by digits at the locations of the corresponding meshes on the plane. In
connection with the accuracy of the locations of the foci, the roughness

2) Tuae Party for SeisMOGRAPHIC OBSERVATION Of MaTsusiiiro IEARTITQUAKES and TIHE
SEISMOMETRICAL SECTION, Bull. Earthq. Res, Inst., 4% (196G), 309.
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of expression of the locations of the foci with meshes is out of question.
For the purpose of taking a wide view of distribution of the foci in the
total period, meshes were taken as 424 meters long and 510 meters broad
as shown in Fig. 0.

7. Distribution of the seismic foci

The number of the shocks of which the locations of the foci were
determined by the tripartite observation are listed in the 4th column of
Table 1.

Distribution of the seismic foci of each week is illustrated in three
dimensions in Fig. 8. It was found that the foci of the shocks belonging
to the period from Dec. 5 to Dec. 18, 1965 are a little shallower than those
belonging to the period before Dec. 4 but the distribution of the Seismic
foci did not change in a wide view in the whole period. The distribution
of the seismic foci in the whole period is shown in Fig. 9. The seismic-
ally active regions in which the shocks occurred very frequently are
marked by oblique lines according to the frequency of occurrence of the
shocks as shown in Fig. 9.

Fig. 9 illustrates obvious characteristics of the distribution of the
seismic foci in total period. All 1,088 scismic foci determined by our
tripartite observation lie within a cube with 11 kilometers in northeast-
southwest direction, 9 kilometers in nothwest-southeast direction and 9
kilometers in depth. The distribution, however, is not uniform. There
are at least two clusters of seismic foci, one of which is near Zaike with
a depth of 5.5 kilometers, the other near Minakami-yama and Kimyag-zan,
southwest of Zaike with a depth of 4 kilometers. Earthquakes rarely oc-
curred in the area between the two clusters. These clusters can be seen
clearly on X-Y and X-Z plane in the figures.

8. Frequency of occurrence of the shocks, the maximum
trace amplitudes and magnitudes

Fig. 10 shows the relation between the maximum trace amplitudes
and the frequency of occurrence. The number of the shocks used here
is listed in the 3rd column of Table 1. The inclination of the line drawn
in the figure gives m=1.8 which is nearly equal to the numerical constant
in Ishimote-Tida’s well-known relation: n(a)da= — Ka™"da, where @ is the
maximum trace amplitude and n(a)da the frequency of the shocks of which
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Fig. 10. Relation between the frequency and the maximum trace am-
plitudes in the period from October 31 to December 18, 1965.

the maximum trace amplitude lies between ¢ and a+da, and K and m
constants.

The magnitudes of the shocks were determined in order to investigate
the relation between the frequency of the occurrence of the shocks and
magnitudes. Calculation of the magnitudes was done by means of Mura-
matsu’s formula.®

V=C(b)r ¢~ "/ 7M)

Where V is the velocity of the ground, » hypocentral distance, M magni-
tude and log 7.(km)=0.210M +0.947 and log C(M)=0.655M —1.719. The
calculation was done in the following way: the maximum trace amplitudes
and the apparent periods associated with the maximum trace amplitudes
were measured, the ground velocities were derived from the maximum

3) I. MuramaTtsu, loc. cit., 1).
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trace amplitudes and the periods using the characteristics of sensitivity
of the instruments, and we took magnitudes satisfying Muramatsu’s for-
mula by means of numerical calculation. The relation between the fre-
quency of occurrence of earthquakes and magnitudes are described in Fig.
11. A line drawn through the plotted points in the fiigure gives Guten-
berg-Richter’s b=0.85.

>

(@]

&

& 200

g

x

“ oo }
50 l 1 l 1 ] 1 )
-1.0 -04 0 0.4

MAGNITUDE

Fig. 11. Relation between the frequency and the magnitudes in the
period from October 31 to December 18, 1965.

The observation of local micro-earthquakes near Matsushiro was first
made by T. Asada, S. Suehiro and K. Akamatsu? in 1956, since when
b=~0.8 has been ascertained three or four times for the seismic activity
in this region. On the other hand, when a perceptible earthquake (Mag-
nitude 3.8) accompanying foreshocks and aftershocks occurred near Matsu-
shiro in 1964, S. Suehiro et al, reported that b was abnomally of small
value such as 0.35 in the period of foreshocks and became normal such
as 0.75 in the period of aftershocks.

In the present case the value of b did not change significantly with
respect to different intervals of time, and we obtained b=0.85 in the
whole period. It is very interesting that b for the present abnormally
high activity was similar to that for the general seismic activity.

In conclusion the authors wish to express their sincere thanks to Dr.
Usami, member of the staff of our Institute, who gave us much useful

4) T. Asapa, S.'Suslilno, and K. Axamatst, Zisin, 11 (1958), 7.
5) S. Suemiro et al., Paper in Meteorology and Geophysics, 15 (1964), 71.
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advice for the programing of the computer.

The authors would also like to extend thanks to the authorities of
Hoshina, Nagano Prefecture, Hoshina primary school and the local people
for their co-operation in our seismological observation.

The members of the Institute who participated in the field ceismc-
logical observation were Sadao Saito, Ikuo Karakama, Mutsuro Shibano,
Masao Watanabe, Heihachiro Chiba, Yeshihiro Maeda, to whom the au-
thors’ thanks are also due.
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