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Table 1. Relative distance of observation sites.

obselr\I\?af?i% x?fsites Relative distance gl%ég%g;gégs

Obuse (Point 5) 0 km 13.23km

Sinano 10.35 23.62

Kijimadaira 18.50 31.77
(Point 2)

Nozawa 27.00 40.28

Higasiotaki 34.34 47.61

* The epicentral distances of the temporary station
at Hoshina are around 5km.
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Fig. 3 (a). Examples of seismograms obtained by the simultaneous observations
with the first three stations.
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Table 2. Distance between two seismometers at Obuse and Kijimadaira.

Point 1-2 | Point 2-3 | Point 3-4 | Point 4-5 | Point 5-6
Distance Obuse 535m 105 227 225 674
in meter | yiiimadaira| 296 172 422 98 781

Point 2 Point 3 Point 4 Point 5 Point 6
Distance Obuse 535 m 640 867 1092 1766
Pf)ri(r)lltnl Kijimadaira 296 468 8390 988 1769
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o'
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Point | —— M-t~

6 ——

Fig. 8. Examples of seismograms obtained with six vertical

seismometers at Obuse.
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Fig. 9. Travel time plot for Point 1 through Point 6 at Obuse.
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83. Observations of the Matsushiro Earthquake Swarm
at Five Temporary Stations (Part 1).

By Shuzo AsaNO, Yutaka OHTA, Masumi YANAGISAWA,
Yoichiro IcHINOSE and Yoshihiro MAEDA,

Earthquake Research Institute.

1. In November, 1965, observations of the Matsushiro earthquake swarm were carried
out at five temporary observation sites northeast of the swarm area. These five stations
are on a line as shown in Fig. 1, the relative distances being about 10 km as given in Table
1. The range of epicentral distances of these sites from each shock is roughly between 15
and 55km. Observation schedule was usually from 22h 00m to 4h 00 m of the next day,
that is, six hours during the night. A magnetic tape recording system was used together
with six vertical and two horizontal moving coil type seismometers with natural period 1
sec. The total system of recording has a flat frequency characteristic in the range 1~100c/s.
2. Activity of microearthquakes in this area

It is quite interesting to investigate whether the activity of microearthquakes in the
area adjacent to the swarm area is high or not. In this paper, to study the activity of
microearthquakes histograms of S-P time observed at five stations were constructed as
shown in Fig. 2, especially paying attention to microearthquakes with short S-P time
around 1 sec, that is, microearthquakes in the very vicinity of the observation sites. Fig.
9 shows that there is no indication of increase in the activity of microearthquakes in this
area, but this area has a fairly low activity. That is, almost all earthquakes observed
have S-P time corresponding to Matsushiro earthquakes except one shock which has S-P
time of 0.7 sec at Sinano. Also the range of S-P time is consistent with the dimension
of the hypocentral region of Matsushiro earthquakes determined by the party of this
institute responsible for seismographic observation. It is interesting to mention that this
observation was carried out just before the first climax of activity of Matsushiro earthquakes
around November 22.

In the past, no data were obtained concerning the activity of microearthquakes in this
area. Only Ohtake et al. (Zisin, [ii], 18 (1965), 15) carried out observation of micro-
earthquakes with high sensitive instruments at the Matsushiro Seismological Observatory,
Japan Meteorological Agency in 1963 and found that the number of microearthquakes
originating in the northeast direction of the observatory is fairly small. However, since
there is no observation of microearthquakes of the same quality with ours in the very
vicinity of the temporary stations, the comparison of the present activity of microearthquakes
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with that in the future, after the earthquake swarm dies out, can show whether the
present activity is relatively low or not and the effect of the earthquake swarm on the
activity of microearthquakes in the adjacent area may be obtained.

3. Crustal structure in this area

Simultaneous observations of three temporary stations were carried out twice; the
first group: Obuse, Sinano, Kijimadaira; the second group: Kijimadaira, Nozawa, Higasi-
otaki. The distances between adjacent stations are about ten km as shown in Table 1.

Twenty shocks which gave clear onsets for all stations were selected easily from many
shocks observed by the first group since this group of stations is fairly close to the swarm
area. Examples of seismograms are shown in Fig. 3 and examples of travel time plots are
given in Fig. 4. In Fig. 4, the points at the second site are always delayed by about 0.2
sec, it being difficult to fit lines.

While for the second group, although many shocks were recorded, the first arrivals at
Higasi6taki, the most distant station, were usually quite weak. Therefore, only ten
shocks were available for this group. Examples of seismograms are also given in Fig. 3
and examples of travel time plots, in Fig. 5. For seven shocks, the lines 5.15, 5.21, 4.95,
5.08, 5.17, 5.13 and 4.70 km/s were obtained by the method of least squares. The average
of these velocities is 5.06 km/s.

By superposing two sets of travel time plots at Kijimadaira, the observed points for
Obuse are very close to the lines determined by the distant (second) group (Fig. 6).

For three shocks, there is an indication to have a different phase, a refracted one,
since the clear first onsets arrive earlier than the other ones. Assuming Nozawa to be
close to the critical distance between 5.1 and 6.1km/s layers and the focal depth to be
4.3km, the thickness of 5.1km/s layer becomes 9.0 km. This value gives a minimum
thickness estimation and we can say that there is a fairly thick 5.1km/s layer in this
area. This value is also consistent with the results of the tripartite net observations in
the swarm area and in Nakano very close to Sinano.

4. Measurement of apparent velocity

As is well known, one of the best and simplest approaches to clarify velocity structure
in more detail in explosion seismology is to determine the apparent velocity by a long
array of seismometers along profiles as accurately as possible and to examine the dependency
of the apparent velocity on the epicentral distance. However, in Japan, because of the
complexity of topography as well as geology in addition to high noise level, it is quite
difficult to find an appropriate site for a long array of seismometers, especially at a large
epicentral distance where signals become quite weak. Nevertheless, it is quite important
to correlate wave groups from point to point and to investigate propagation characteristics
of each phase by a long array along profiles. The earthquake swarm is very convenient
for carrying out these fundamental experiments, since the hypocenters are quite confined
to a small region and there are many shocks with various magnitudes.

From the above standpoint, as a first step an array of about 2 km long of six vertical
seismometers was set up along a line towards the swarm area at two sites: Obuse
(epicentral distances=~18 km) and Kijimadaira (epicentral distances~37 km). The distances
between two seismometers were chosen so as to be able to compare seismograms for
various distances as given in Table 2. The geology and topography for the site of each
seismometer seem to be fairly uniform.

Playing back with paper speed of 5cm/s or 12.5cm/s and selecting only shocks with
clear first arrivals, apparent velocities of 23 shocks at Obuse and of 6 shocks at Kijima-
daira were determined. The accuracy of reading is about 5 milliseconds. Examples of
seismograms obtained at Obuse are given in Fig. 8 and those at Kijimadaira, in Fig. 13.
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Travel time plots for those shocks are shown in Fig. 9 for Obuse and in Fig. 12 for
Kijimadaira. In these plots, lines and apparent velocities determined by the method of
least squares are given with the standard deviations for apparent velocities. This figure
shows that apparent velocities are determined fairly well, for only 2 km spread, yet there are
significant differences in some of the apparent velocities obtained. From the deviations
of each point from lines, histograms of the residuals for each observation site were
constructed as shown in Fig. 10. From this figure, we can see that at Points 2 and 6 the
signals mostly arrive earlier and at Points 4 and 5 the signals are on an average delayed.

In order to explain significant differences in apparent velocities, such effects on the
measurement of apparent velocities as the difference between the direction of spread and
that of wave propagation, the focal depth, inhomogeneity of underground structure in the
vicinity of observation sites and the inclined interface between layers were estimated. It
is found that the effects mentioned above are not significant in this case except for the
last item, that is, the effect of inclined interface.



