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Abstract

During explosion seismic studies in the Matsushiro Earthquake
Swarm Area the seismic waves from shot B-IV 'were observed at the
observation sites in profile A. The travel time studies as well as the
frequency studies of the initial portion of P waves show clearly the
coincidence between the region with a low interval velocity as well
as with high attenuation, and the seismically most active region.

1. Introduction

The detailed explosion seismic study of the Matsushiro Earthquake
Swarm area conducted in 1967 revealed an anomalous underground struc-
ture corresponding to the seismically most active region (Asano et al.,
1969a,b). The results of this study showed clearly the significance of
the detailed investigation of the crustal structure in the study of seis-
mic activity. ' .

Most of the earthquakes in this area have occurred at very shallow
depths as reported earlier (Hagiwara, T. and T. Iwata, 1968). Especially
in the seismically most active area the focal depths of earthquakes are
smallest, being only about 1km below the mean sea level. Such anom-
alous features as a hidden fault infered from surface fissures (Nakamura,
K. and Y. Tsuneishi, 1967), a rapid uplift (Tsubokawa, I. et al., 1967),
a rapid change in the inclination of earth’s surface (Hagiwara, T. et al.,
1966), a large contraction (Kasahara, K. et al., 1966a, 1966b, 1967), etc.
were also observed in the same area. Therefore, it might be interest-
ing to elaborate the underground structure in this area and to clarify
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its relation to the anomalous events mentioned above. From this point
of view, it is quite important to search for a direct evidence of the
existence of an anomalous structure in the hypocentral region in com-
parison with the underground structures in the surrounding regions, no
matter whether this anomalous structure may be one of the main causes
or a result of earthquake oceurrence.

In the case of the explosion seismic experiment in 1967, a “fan
shooting technique” was applied tentatively to discover an anomalous
structure in the hypocentral region. As is well known, this technique is
powerful to locate a local anomaly of the underground structure and is
used sometimes in seismic prospecting. However, in the present case,
the situation is quite different from that in the seismic prospecting, i.e.
the surveyed area is much larger and its geology is much more com-
plicated than in usual seismic prospecting. In spite of these different
situations, an anomalous decrease of wave velocity as well as an anoma-
lous dissipation of waves were derived in the hypocentral reglon from
the data obtained with the fan shooting technique.

2. Shot point and observation sites

The location of the shot point and the observation sites is shown in
Fig. 1. Dynamite of 234.0 kg was fired at one of shot points, B-IV, in
profile B." Corresponding observations were made at sites in profile A.
The range of azimuths of the observation sites from the shot point is
about 114.°3 from N 14.°3E to S80°.0 W. The distance from the shot
point to the nearest observation site, D,-c, is 19.65 km. The epicentral
distance to the most northern observation site, D,-a, is 46.54 km and
that to the observation site, D,,—e at the southern end of profile A is
29.29km. Epicentral distances, azimuths and travel times for each ob-
servation site are given in Table 1.

The epicentral area of the swarm earthquakes is almost covered by
the triangle with apexes B-IV, D,, and D,,. To locate clearly the paths
of ‘seismic waves in the Matsushiro Earthquake Swarm area, the released
seismic energy ratio is shown by contours in Fig. 1. The released seis-
mic energy ratio is the ratio of the released seismic energy in the period
from August 1965 to May 1968 to the possible maximum strain energy
to be stored within a fixed volume up to the depth 5km, both of which
being derived by Ichikawa (1969). Therefore a large number in this
figure implies large seismic activity in the area concerned. '

As seen in Fig. 1, some of the lines connecting each observation
site with the shot point cut the contours of the released seismic energy
in various ways and some pass the area without any seismic activity as
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Fig. 1. Observation sites for the shot at B-IV. Contours show released seismic energy
ratio. Number denotes the released seismic energy ratio in %. The line NE-SW is profile
A and the line NW-SE is profile B for the explosion seismic studies.
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Table 1. Distance of observation points from shot point B-IV, azi-
muth measured clockwise from north at shot point and
travel time data

Obser\};.- AA ] Azimuth I Travel Time »
tion Point | Geophone* (km) % (°) J‘ Class** (see)
D: a 4V 43.170 12146 | © (8.16)
b 1V 43.060 1187 | B 8.106
c i1 v 42.685 | 11444 | B 8.067
D; a 1V 39.216 | 9154 | B 7.338
b 4 Vv 38.937 ‘ 9170 B 7.294
¢ 2 Vv 38.577 ‘ 8.744 B 7.983
D, a 4 Vv 38.320 : 842 B 7.258
b 2 Vv 38.084 ; 8191 | B 7.278
¢ 4V 37.798 . 789  C 7.18

(to be continued)
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Table 1. (continued)
Observa- * 4 ; Azimuth «x | Lravel Time
tion Point | Geophone (km) | ) Class (sec)
D; a 1V 31.672 0.909 A 6.353
b 1V 31.415 0.634 A 6.297
c 1V 31.070 359.621 B 6.246
D a 1 Vv 26.859 353,295 B 5.386
b 1 v 26.544 352.190 B 5.436
c 1V 26.350 351.412 B 5.393
D; a 4 Vv 23.985 340.639 B 4.948
b 1V 23.681 340.383 A 4,868
c 4V 23.515 338.529 A 4.800
Ds a 4V 21.536 330.940 o] 4.46
b 1V 21.170 330.498 C 4.40
c 4V 21.024 329.857 C 4.37
b’ 4V 21.080 330.197 A 4.371
b 1 Hy 21.170 330.498 B 4.390
b 1 Hpr 21.170 330.498 C 4.39
Dy b 1V 19.724 303.897 C 4.16
c 1V 19.647 302.836 C 4.20
Dy a 4V 20.934 289.733 B 4,488
b 1V 20.924 288.907 A 4.481
c 4V 21.179 287.977 B 4.539
Dy a 4V 21.761 283.274 A 4.661
b 1V 21.729 282 574 A 4.624
c 4 VvV 21.748 282.025 C 4.62
Dz a 4V 24,234 272.835 B 5.090
b 1V 24 564 272.229 B 5.127
c 4 Vv 24.853 271.745 B 5.207
Dz a 4 VvV 26.655 268.108 B 5.545
b 1V 26.991 267.874 B 5.638
c 4V 27.127 267.440 B 5.724
Dy a 4V 28 872 261.608 c 6.10
e 1 Vv 23.994 261.089 C 6.15
d 4V 29,087 260.631 C 6.17
e 4V 29.157 260.455 C 6.20
E 2 4.5V 25.370 348.577 B 5.186
3 4.5V 25.299 348.361 B 5.193
4 4.5V 25.254 348.234 C 5.17
5 4.5V 25,194 348,021 B 5.134
6 4.5V 25.130 347.858 B 5.125
7 4.5V 25.081 347.663 B 5.116
8 4.5V 25.011 347,447 B 5.125
9 4.5V 24.959 ! 347.273 C 5.13
10 4.5V 24.900 ' 347.072 C 5.14
11 4.5V 24.825 346.911 C (5.11)
12 4.5V 24.773 346.752 C (5.11)
13 4.5V 24.718 346.396 B 5.100
14 4.5V 24661 346.283 B 5.094
16 4.5V 24.590 345.878 A 5.063
17 45V 24.474 345.681 A 5.050
18 4.5V ] 24.392 315.496 B 5.041
19 4.5V 24,346 345.291 B 5.022
20 4.5V 24.251 345.109 B 5.019
22 4.5V 24.142 344.754 B 4.978
23 4.5V 24.076 344.535 B 4.959
24 4.5V 24.020 344.321 B 4,941

* 4V means that the geophone used was of vertical type with a natural frequency of
4 hz. 1H; means that the geophone of horizontal type with a natural frequency of
1 hz is set so as to register the longitudinal component of horizontal ground movement
and 1H &, to register the transversal component.

=* Refer to Asano et al., 1969a.
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far as the felt earthquakes are concerned. Since the underground strue-
tures are unknown in the region except for that in profiles A and B, it
is impossible to derive exact wave paths from the shot point to each
observation site. However, in this paper the lines connecting each ob-
servation site with the shot point are assumed to be the actual wave
paths by taking the accuracy of the underground structure derived in
profiles A and B into account. It should be remembered that among the
wave paths those to the observation sites D;, E,;, D;, and D; eross the
seismically most active regions. The wave paths to the observation
sites Dy, Dy, Dp, Dy, and Dy, include the area with fairly thick sedi-
mentary layers in the geological map (Nagano-ken Chigakukai, 1962).
The area north of Chikuma River is almost included in the Central Belt
of Uplift.

3. Anomaly in travel times

Most of the seismograms obtained with the tape recorders give clear
onsets as shown in Fig. 2. The quality of the seismograms obtained at
D, E, E,, E,, and E; being not so good because of a poor signal to noise
ratio, these seismograms are not used in the present analysis. The seis-
mograrh at Ey in profile B from shot B-IV (Asano et al., 1969a) is also
used for the discussion since its quality as well as the location of the
observation site are good enough. The first arrivals of P waves at each
observation site are those of the refracted waves traveling through the
top of the layer with a velocity of 6.0 km/s, referring to the under-
ground structures in profiles A and B or to the travel time curves (Asano
et al, 1969a). In order to study the velocity anomaly within this layer
it is necessary to subtract the travel time due to the surface layer (the
velocity: 1.6-2.8 km/s) as well as the first layer (the velocity: 3.3-4.75
km/s) from the observed travel times. That is, the delay times due to
the surface and the first layers for each observation’ site and for shot
point B-IV should be subtracted. It is assumed that the underground
structure around each observation site is the same in profile A for shot
B-1IV with that already obtained (Asano et al, 1969b) since there are no
direct measurements available.

The underground structure around shot point B-IV is assumed to
be the same with that obtained in profile B. Then T-7' from profile A
can be used as the delay time for each observation site, where 7T stands
for the observed travel time and T”, for the travel time derived by the
method of differences (Asano et al, 1969b). Also T-7T’ at shot point
B-IV is obtained by extending the 7" curve in profile B to shot point
B-1V. The subtraction of the delay time thus obtained, from the ob-
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Fig. 2. Record section obtained from the fan shooting. The abscissa: P—4/6 where

4 is the distance. from shot point B-IV. The ordinate: distances for.each observation
site are measured from shot point A-I. The paper speed of each record is not the same,
but 10em/s or 12.5c¢m/s for most of the seismograms. Therefore, the time of the first
.arrival for each seismogram is fixed to the exact time of ‘P—4/6.
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served travel time at each observation site in profile A for shot B-IV,
gives the travel time from the point beneath the shot point to that
beneath the observation site only through the second layer with a velo-
city of 6 km/s. These derived travel times are called “T:’” in this paper.

In Fig. 3 the abscissa shows T, reduced with a velocity of 6.0 km/s,
that is, 7% —4/6, where 4 is the distance between shot point B-IV and
each of the respective observation sites. The ordinate in Fig. 8 is the
distance of each observation site not from shot point B-IV, but from
shot point A-I. Each plot has a line proportional to a kind of confidence
limit, which is derived in the following way. FEach arrival was identified
and classified by seven seismologists into three grades (Asano et al., 1969a).
The extent of fluctuation in the travel time is represented by the prob-
able error on the assumption that the observational error, the fluctua-
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Fig. 8. Reduced T'F" graph and released seismic energy ratio & along each wave path.
The abscissa shows the location of each observation site in profile A, the distance to which
is measured from shot point A-I. The data at observation sites northeast of Chikuma
River are shown with the closed circles and those southwest of it, with the open circles.
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tion of identification, ete. satisfy the normal distribution and the time
interval for each grade gives the confidence interval with a confidence
coefficient of 95%. The probable error thus derived is shown by the
length of line for each plot. The line in the upper part of the figure
shows the observation sites, the wave path to which seems to cross the
Central Belt of Uplift. In the upper figure, the released seismic energy
ratio F calculated along the wave path is shown. This ratio is caleulated
from the formula

E=Y1,-Eij/4, 4= 1

where F; is the released seismic energy ratio and [; is the length of the
wave path in the region with E;.
Fig. 3 shows the following features:
1) The “reduced T~ has almost the same value for the observation
sites such as D,, D;, D,, D;, E, D;, and D,.
2) The “reduced T+~ increases from D,, to D,,.

I T ! I T

\2 . ﬁ EJ L
- I e
_ | + s +H+ f -

20 30 40 km
DISTANCE FROM SHOT POINT
Fig. 4. Reduced Ty’ graph. The abscissa is the distance from shot point B-IV.




Anomalous Underground Structure in the Matsushiro Earthquake Swarm Area 819

3) The “reduced T:'” at D;, E,; and D; is larger than at D,~D,.

In Fig. 4 the “reduced T’ ” is shown with the real distance between
the shot point and each observation site. The following features are
observed in Fig. 4.

1) The “reduced T:'” is almost constant at D,, D,, D,, D;s, D; and D,,
irrespective of the distance.

2) The “reduced T ” increases on the farther southwestern side of D,
as the distance from the shot point increases.

3) The “reduced TF'” at D;, E, and D, shows a delay due to a factor
independent of the distance from the shot point in comparison with
those at the other observation sites.

If the second layer in the area under consideration had a uniform
velocity of 6.0km/s as obtained in most of profile A and in profile B,
the “reduced T,'” would give a constant value—zero in the case when
the assumption about the delay time is reasonable and no error of the
delay time is present. From the fluctuation shown in Fig. 4, it is con-
cluded that the second layer is not homogeneous. However, the fluctua-
tion of the “reduced T,'” is not at random, but depends on the azimuth
of observation sites from the shot point.

4. Interval velocity

The quantity 4/T" computed for each observation site is called the
interval velocity, where 4.is-the distance between the shot point and an
observation site. Fig. 5 shows the relation between the azimuth of the
observation site and the interval velocity. In this figure, the deviation
of the velocity from 6.0 km/s is expressed in percents. The following
points are clearly seen from this figure as expected from the features
of the “reduced T ”.

1) The interval velocity for the observation sites D,, Ds, D,, Ds, D; and D,
is almost constant and larger than that for the other observation sites.

2) The interval velocity for the observation sites on the southwest side
of Chikuma River is smaller than that on the opposite side. This
tendency is in good agreement with the underground structure in
profile A, which has a smaller velocity for the second layer on the
southwestern portion of the profile.

8) The interval velocity for the observation sites D,, E, and D, is
smaller by about 2% than that for the other observation sites.

Although there exists a systematic change with azimuth in the in-
terval velocity, the origin of this change can not be accurately located
from only one trial of fan shooting. Generally speaking, the following
three explanations are possible for the existence of regional velocity
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Fig. 5. Variation of the interval velocity with the direction of wave propagation.

The upper figure shows the released seismic energy ratio along each wave path. The
direction of wave propagation means the direction of each wave path at shot point B-IV,

variations.

1) regionality of geological features,

2) change in the physical status of hypocentral region as a result of
the seismic activity,

3) abnormal physical status in the seismically active area even before
the swarm earthquakes took place.

The third possibility cannot be discussed since there are no data for
the time prior to the Matsushiro swarm earthquakes.

As seen from Figs. 8 and 5, the interval velocity is relatively small
when the wave path crosses the area with thick sediments. That is, the
interval velocity for the observation sites southwest of Chikuma River
decreases toward the south linearly with respect to the azimuth from the
shot point, and independently of the length of crossing the epicentral
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region. This kind of decrease in the interval velocity may result pro-

bably from the first possibility. For the regionality explaining such a

decrease in the interval velocity there are at least two possibilities, that

is,

a) the velocity in the second layer decreases toward the south,

b) the medium with a lower velocity occupies the larger volume in the
southern part so that the wave path traveling through this medium
becomes longer.

However, at present it is impossible to determine which of the two really

causes the decrease in the interval velocity.

It is not clear at present which of the two possibilities mentioned
above are applicable to the abnormal decrease in the interval velocity at
D;, E; and D,. However, as shown in Fig. 1, the wave paths to these
three observation sites have larger portions in the epicentral region than
those to the other observation sites. In the upper figure of Fig. 5, the
released seismic energy ratio derived for each wave path, E, is given.
In Fig. 5 as well as in Fig. 3 there exists a good correlation between
FE and the interval velocity. That is, the larger the portion of wave
path in the region with large released seismic energy ratio, the lower the
interval velocity. But the reduced T’ or the interval velocity at D, has
a normal value although the wave path to D, has a large portion in the
region with large E. This might be explained with the lateral distribu-
tion of hypocenters under profile A which shows the absence of hypo-
centers beneath D; up to several km (Asano et al., 1971).

5. Re-examination of travel times in profiles A and B

The good correlation between the interval velocity and E stimulates
the idea that the region with decreased velocity coincides with that of
hypocenters. Therefore in order to study this idea in more detail, the
travel time curves in profiles A and B (Asano et al., 1969b) are again
examined closely especially to check whether the portion of the travel
time curve corresponding to the epicentral region shows a velocity lower
than the surrounding portions.

Fig. 6 shows the T’ curve for the wave from the southwest to the
northeast in profile A reduced with a velocity of 6.0km/s, that is, 7" —4/6,
where 71" is already obtained from various combinations of shot points
(Asano et al., 1969b). At the top of the figure, the released seismic
energy ratio is shown along profile A. There is a clear tendency in the
reduced 7" derived from the combination of shot points (IV-II) and (IV-I)
to become larger from D; to E;. These 7 curves have a good accuracy
since most of the seismograms obtained from these shots are of good
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Fig. 6. Reduced 7T’ travel time curve and released seismic energy ratio in profile A.

quality. According to the detailed studies of the 7" curves by Tazime
(1968), there exists a relation between the reduced T’ curve and the
structure as shown in Fig. 7 where v, is smaller than v,. Since the
tendency of T”—4/6 from D; to E; is similar to that in Fig. 7, the ex-
istence of the material with a lower velocity in this interval is clear.
The range of velocity of this lower velocity material is estimated in the
figure to be 5.65~5.75 km/s by assuming this material to be homogeneous.
The region with this low velocity is in good agreement with that of the
largest E in the top of the figure. Although there is a slight indica-
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tion that a high velocity zone exists in
E,~D; adjacent to the low velocity zone
in Dy~E,, the details are left for future
studies.

Fig. 8 shows T/—A4/6 for the wave
from the southeast to the northwest in
profile B. Also the velocity from Ds to E,
is small, about 5.7 km/s. Again the region
with a low velocity corresponds to that of
large E.

Fig. 7. Reduced T travel

time curve (a) expected from
the structure (b), where w3>
v2>v;.  (After Tazime, 1963)

Therefore not only the results shown
above but also those derived from the fan
shooting method clearly show the coin-
cidence of the low velocity region with the most seismically active one.

~ Now, the hypothesis is examined according to which the decrease in
the interval velocity has resulted from the swarm earthquakes. The
region within the contour 70% in Fig. 1 is assumed to be the region
in which the decrease of velocity takes place; outside of this region the
velocity is assumed to be normal, that is, 6.0 km/s. Then the velocity
in this region is derived as about 5.7 km/s, by using the interval veloc-
jty. This value agrees with 5.65~5.75km/s obtained in profile A and
with 5.7km/s in profile B. That is, the velocity derived for the seis-
mically most active region is lower by about 5% than that for the other
aseismic regions. '
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Fig. 8. Reduced 77 travel time curve and released seismic energy ratio in
profile B.
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6. Amplitude and spectrum studies

In this paragraph the features derived from the travel time studies
are examined through the amplitude and spectrum studies of the initial
portion of P waves. ‘ _

The amplitude of the first peak in the P wave group is measured
on the good seismograms which were obtained with the instruments of
good quality. In the experiment all amplifiers were calibrated twice in
profile A by a special calibration team. The overall characteristics of
the instruments were derived from the analysis of records of the sim-
ultaneous observation of noise and vibration due to weight dropping at
one place (Asano et al., 1969a). Then the measured amplitude was cor-
rected with the magnification at 0.08 sec since the initial portion of P
waves has an apparent period of
about 0.08 sec. The corrected ampli-

J kine

20
I \ tude is shown in Fig. 9. In this
o°\ figure, the open circles give the
810l “ amplitude at the observation sites
g 7 E °\o southwest of Chikuma River and the
5oL 5 closed ones at those northeast of the
S st river. No anomaly is present in the
ERS ’ amplitude probably because the ac-
5af . curacy of amplitude measurement is
= \ insufficient as yet to detect the
ir anomaly derived from the reduced
= L] T:'. The line proportional to the
DISTANCE FROM SHOT POINT inverse square of the distance is
Fig. 9. Variation of velocity am- inserted tentatively in Fig. 9. »
plitude of the ﬁI:St arrival with distances Next the apparent periods of the
from the shot point. The data at observa- e .. .
tion sites northeast of Chikuma River are initial portion of P waves were meas-
shown with closed circles and those south- ured on the same seismograms as
west of it, with open circles. The line used for amplitude studies. The ap-
inversely proportional to the square of parent period is defined as the time

i is i ted for reference. . .
the distances is inser interval of 1 cycle of waves, that is,

the interval between the adjacent points crossing the zero line in the
same direction on the seismograms as shown in the upper part of Fig.
10. Fig. 10(a) shows the dependence of apparent frequency obtained on
the azimuth of the observation sites from the shot point. D, near
Chikuma River is the nearest observation site to the shot point. The
apparent frequency becomes lower from D, toward the southwest depend-
ing on the distance, while on the northeastern side of Chikuma River
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the apparent frequency tends to
become higher as the distance
increases although this tendency
is not so remarkable. These ten-
dencies are shown more clearly
in Fig. 10(b). The lines in Fig.
10(b) are inserted only to show
the tendency, a dotted line par-
allel to the solid line being
shown in an arbitrary position
to compare with the broken
line. Also Fig. 10(b) shows the
tendency that on the northeast-
ern side of Chikuma River the
rate of decrease in frequency is
smaller than on the southwest-
ern side of the river.

The spectrum of the initial
portion of P waves, that is, of
head waves, is calculated for
detailed studies. The interval
of analysis.is 0.5sec after the
first arrival. The sampling rate
is 100 hz and the time window
0.5(14-cos (zt/T,)), where T, is
the sampling interval, is applied
prior to the Fourier analysis.
After the application of the
instrumental correction, the
spectrum shown in Fig. 11 is
obtained.

The frequency at the max-
imum amplitude is taken from
each figure in Fig. 11 and shown
in Fig. 10(@). The tendency
from these results agrees with
that from the apparent fre-
quency.

The spectrum in Fig. 11
includes not only the source
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spectrum but also the spectrum due to the local structures beneath the

observation sites.

If these characteristics could be removed, the trans-
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fer function of the second layer
with a velocity of 6.0 km/s could
be obtained and absorption char-
acteristics of this layer would
be clarified. The detailed study
will be published in near future,
but in this paper the effect of
the source spectrum was taken
into account. This was done on

o

T T T

Ducb (A=994m)

T T T 1177
(BRI NEE

RELATIVE AMPLITUDE
T TV

vl

T
'

the assumption that the speec- o1, v : p ' v~ v
trum obtained with the seis-
mogram at Dy~b in profile B (the Fig. 12. Spectrum of seismic waves ob-

. . served at Dy~b for shot B-IV, which was
distance is 994 m) from shot B- assumed as the source spectrum of shot

IV is the same as the source B-1IV in the present analysis.

spectrum. This assumption is

reasonable since the structure in profile B between D, and B-IV is very

simple, that is, except for the very thin surface layer, the layer with

a velocity of 2.4km/s exists up to fairly large depths (Asano et al.,

1969b). In Fig. 12 the source spectrum thus derived is shown. Fig. 13

shows the result of the spectrum normalized at 8.0 hz after the correc-

tion of the source spectrum is applied to the spectrum of each observa-

tion site in Fig. 11. As mentioned above the spectrum in Fig. 13

includes the frequency characteristics of the local structure beneath each

observation site. However, if this effect is assumed to be uniform in
the frequency range 8-30 hz, the spectrum shown in Fig. 13 can be used
as a transfer function of the second layer. That is, the form of each
spectrum results from the frequency characteristics of the corresponding
wave path. The following features are present in each spectrum of

Fig. 13.

(1) The gradient in the spectrum for D, and D, is the largest. It is

_interesting to note that the reduced T:' and the interval velocity
along the wave path to D; and D, is larger and smaller respectively
than to other observation sites.

(2) The gradient in the spectrum for D, and D; is smaller than for
other observation sites. The interval velocity to D; and D; is relative-
ly large.

(3) The gradient in the spectrum for Dy, is fairly large. There is an
indication of a change in the local structure near Dy, i.e. the surface
structure changes on the southwestern side of D, and the velocity in
the surface layer becomes small. Therefore, the frequency characte-
ristics at D,; might be different from those at other observation sites.

Now, the average attenuation factor @ is derived from the dotted
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line in Flg 13 fitted to the spec- Dic Dy Dyz Ow Dy Ds Dy D; Dg Ds D3 D2
trum in the range 8-30hz by 500 P R
the formula a==7/Q where « is
the gradient of the dotted line
and 7 is the travel time. For 1 300 |- O
this procedure the @ value is

assumed to be independent of wr * ) }
frequency. The @ value thus 100 | . .o © -
obtained is shown in Fig. 14, ] ‘
where the abscissa is the az- ° v ' N

DIRECTION OF WAVE PROPAGATION

imuth of each wave path meas- . o ]
ared from the shot point. The ;M1 Yerison of e stemacon
range of @ values obtained is pagation.

100-300, which is lower than

the value generally expected for the crust. This small value is con-
sidered to be due to the effect of the small value in the superficial
layers.” Fig. 14 shows that the @ value in the region with a small
interval velocity is relatively small. That is, the analysis of seismograms
obtained by the fan shooting technique shows that there exists a good
correlation between the small interval velocity and the small @ value.

7. Discussions and Conclusions

From the studies mentioned above the existence of an anomaly in
the second layer within the hatched region of Fig. 15 becomes clear.
That is, in the hatched region there exist materials with different phys-
ical properties, i.e., low interval velocities and large attenuation, from
those in the other regions. Also along profiles A and B there are
regions with a relatively low velocity as shown doubly hatched in Fig.
15. The location of the region with a low velocity and a large attenua-
tion coincides with that of the seismically most active region. The
velocity is lower by about 5% and the Q value is smaller by 50% in
this anomalous region if compared with the surrounding regions.

It is fairly difficult to explain what is the real relation between the
anomalous structure and the seismic activity, although the anomaly of
structure in the seismically most active region was derived with cer-
tainty. Whether the anomalous structure results from the seismic ac-
tivity or whether it has been present there before the swarm earth-

1) Recently S. Suzuki obtained the value of about 1000 for the average @ value in
profile A after eliminating the effect of superficial layers. Read at the annual meeting
of the Seismological Society of Japan on May 13, 1970. :




330 : H. Okapa, S. Suzuk! and S. AsaNo

o
. 13800 136°30°
36°50 36°50

Nakano

~—— Nagano

N‘\ 36°20°

138°30°

Fig. 15. Location of anomalous structures derived through the present analysis.
Hatched area: the area with an anomalous structure from the fan shooting.

Doubly hatched area: the area with an anomalous structure in profile A or in profile B
Contour: released seismic energy ratio. Numbers indicate released seismic energy

ratio in %.
The Central Belt of Uplift is roughly shown with small dots.

-quakes, being rather the cause of seismic activity, can not be answered
-definitely yet. There are no data for the latter possibility, while there
are little data for the former possibility although they are not so direct
and powerful. Kasahara et al. (1966a, 1966b, 1967) studied the relation
between the strain energy and the seismic energy in the Matsushiro
carthquake swarm area with the electro-optical geodetic measurement.
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They emphasized that about one year after the swarm earthquakes, i.e.
in the period about one year prior to the present experiment, a non
elastic deformation occurred. In their opinion, the fracture played an
important role in this non elastic deformation. If so, the assumption
p=constant which was adopted for the computation of strain energy
does not hold any longer. This change in the rigidity gives one of the
possibilities to lower the velocity.

S. Suyehiro (1968) reported that there exists a change in the spec-
trum of seismic waves observed before and after the swarm earthquakes
occurred. According to his results, the high frequency component was:
rich for the seismic waves crossing the epicentral region before the seis-
micity became active, while the high frequency component was poor
after the main seismic activity had almost finished. This result supports
the possibility that the large attenuation of seismic waves in the hypo--
central region results from the strong seismic activity.

The phenomena of landslides, anomalous welling of water (Morimoto
et al., 1967) and abnormal change in the horizontal strain (Kasahara et
al., 1966a, 1966b, 1967) took place in the region involved in the hatched.
part of Fig. 15.
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