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1. Introduction

In the previous paper, the writers studied the geographical distribu-
tion of the 1968 Ebino earthquake swarm as the first approximation
based on the net of Ishimoto’s acceleration seismograph. At the same
time, they reported that the earthquake swarm in the Kakuto caldera
had escaladed toward the south-east along the Kirisima volcano belt
and a minor earthquake swarm of the B type shock occurred near the
Simmoe and Takatiho cones.

In this paper, the same seismic activity, the localities of earthquakes
and the propagating velocity of the P wave passing through under the
Kirisima volecano group are investigated not only with the observation
of former net, the fourth net, but also other three nets shown in
Fig. 3 in the previous report.

The arrival times of the P-wave at 22 stations, which cover the
Kirisima volcano group, were observed with high aceuracy in order to
get useful information regarding the structure of the covered area.

On the other hand, the geographical distribution of the initial
motion of many earthquakes inside the Kakuto caldera was investigated
by means of the seismograms which were obtained at a series of seismome-
trical stations in the Kirisima volcano group.

Since the epicentral positions of the Ebino earthquake swarm in
the previous paper were determined by the fourth net with only the
first approximation, they are examined in this paper by the arrival times
of the initial motions observed by the second net which was set near
the epicentral area.

2. Seismometrical nets covering the Kirisima volcano group

Although the writers already reported the geographical position of
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the permanent and temporary seismometrical nets covering the Kirisima
volcano group, it is necessary to describe here the method and purpose
of observation.

The first net covered the middle part of the Kirisima volcano group,
the second the northern part including the southern part of the Kakuto
caldera and the third its southern part including the dormant cones,
Simmoe and Takatiho, respectively.

These three nets have recorder stations connected with a series of
transducers by the transmission wire. Three recorder stations, which
correspond to the nets, are as follows; the Kirisima Volecano Observatory
for the first net, the Okamoto branch Observatory for the second and
the Yunono Recorder Station for the third.

For continuous observation, the transducer at various places is con-
nected with the pen galvanometer through the transistor amplifier
which is usually adjusted to 15,000 in magnification on the smoked
paper. The characteristics of the seismograph consist in the displace-
ment type for earthquake motions whose vibration period is in a range
from 0.3 sec to 1.0 sec. Time signal of every minute is recorded on
the seismogram with a crystal clock of which the accuracy is within
0.1 sec per day, and the crystal clock is checked by the time signal
from J. J. Y.

For temporary observation to get the arrival time precisely, the
electro-magnetic oscillograph with 12 elements is used at each recorder
station. The magnification on the oscillogram can be adjusted from
10,000 to 300,000. To get the arrival time of the seismic wave as
precisely as possible, the second time signal from J. J. Y. was recorded
directly on the oscillogram together with that from the crystal clock
and the fifty cycles mark.

Since it is necessary to record clearly the initial motion of earth-
quake at each station, the writers used mainly the vertical component
of transducers, because the horizontal component of the initial motion
of the P-wave is not so conspicuous as the vertical one. Seismic
observation of this kind was carried out every day for fifty minutes
from 14h and 20h respectively in the three nets during the period
from February to June, 1968. Besides the above observation at the
fixed time, it was made whenever a strong earthquake took place.
As a result, a lot of earthquakes originating from the Kakuto caldera
were observed in the three nets. For example, the oscillograms
obtained by three recorder stations are represented in Figs. 20 and
21. The arrival time observed by the above-mentioned method was
carefully examined to 0.01 sec or at least 0.02 sec on the oscil-
logram. '
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Some of the earthquakes which were localized by the fourth seismo-
metrical net were also caught on the oscillogram.

The Ebino Earthquake Swarm and the Seismic Activity (2)

Epicentral position given from the arrival time

In such a case,
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Fig. 1.

Hypocentral distribution of the Ebino earthquake swarm (Feb. 11-Aug.

31, 1968).
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Table 1. The arrival times and epicentral distances for
15 earthquakes of the 1968 Ebino earthquake swarm.

Eqgk. No. 1. Mar. 24, ’68. 20h 37m. Eqk. No. 2. Mar. 25, '68. 14h 40m.
Station No. | Arrival time| Epi. dist. Station No. | Arrival time; Epi. dist.
11 47 .39sec 2.60km 11 38.16sec 2.12km
7 r .40 2.93 8 r .23 2.73
15 r .43 3.30 12 r .22 2.78
8 » .45 3.40 15 r .35 3.63
12 » .53 4.15 13 » .36 3.68
13 » .56 4.21 7 r .48 3.99
14 7 .69 4.80 14 » .59 4.78
10 » 87 6.30 10 r .84 5.28
1 48.47 11.15 26 39.68 10.70
6 r 41 11.80 1 n 77 12.08
3 n .87 13.70 6 » .85 13.18
5 49.12 15.71 3 40.17 14.50
21 r .24 16.70 5 | r .52 16.83
20 r .32 17.40
18 » 50 17.53
19 » .46 17.70
16 » .53 18.05
17 7 .61 18.35
22 » 71 19.46
Eqk. No. 3. Mar. 25, ’68. 15h 04m. Eqgk. No. 4. Mar. 25, '68. 15h 28m.
Station No. | Arrival time | Epi. dist. Station No. | Arrival time Epi. dist.
11 32.04sec 0.38km 11 51.55sec 1.82km
8 » .10 0.88 12 » .56 2.27
12 7 .09 1.43 8 52.00 2.28
13 r .21 1.83 13 » .14 3.25
15 » .18 1.85 15 » .13 3.35
7 » .31 2.50 7 r .23 3.83
14 » .40 2.90 14 n .37 4.37
26 33.27 8.85 10 v .37 4.79
1 r .29 10.25 26 53.43 10.30
6 r .36 11.40 1 r .50 11.77
3 r .64 12.65 6 » .58 12,96
5 » 97 15.05 : 3 » .82 14.18
21 34.11 15.85 5 54.26 16.58
20 » .19 16.44 21 r .38 17.38
18 » .31 16.50 20 » .45 17.98
19 r .28 16.94 18 r .58 18.05
16 » .35 17.13 19 r .59 18.48
17 r .43 17.45 16 r .64 18.69
22 r .58 18.89 17 » T2 18.98
22 r .86 20.44

(to be continued)
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Table 1.

Eqk. No. 5. Mar. 25, '68. 156h 5lm.

(continued)

Egk. No. 6. Mar. 25, '68. 20h 33m.

Station No. | Arrival time | Epi. dist. Station No. | Arrival time| Epi. dist.
12 8.52sec 0.83km 11 49.32sec 0.83km
8 » .56 1.56 8 r .33 1.72
11 r .62 1.82 15 r .36 2.10
13 r .62 2.20 7 r 41 2.33
15 r T3 2.98 12 r .40 2.40
10 v T4 3.25 13 » 45 2.60
14 » .81 3.31 14 r .57 3.53
7 r .88 3.83 10 r .69 4.60
26 9.67 9.05 26 r .51 9.45
1 » .85 11.00 1 50.47 10.50
6 10.03 12.45 6 r .49 11.53
3 » .20 13.29 3 r .89 12.98
5 r 72 15.83 5 51.15 15725
21 » .69 16.50 21 v .27 16.08
18 » 87 17.11 20 r .34 16.63
20 » .89 17.20 18 r .48 16.83
19 » .95 17.70 19 » .48 17.20
16 » .96 17.74 16 » .51 17.40
17 11.11 18.25 17 » .60 17.70
22 » .36 19.68 22 r .73 19.03

Eqk. No. 7. Mar. 25, '68. 21h 29m.

Eqgk. No. 8. Mar. 25, '68. 16h 46m.

Station No. | Arrival time | Epi. dist. Station No. | Arrival time| Epi. dist.

12 15.85sec 0.82km 12 5.82sec 2.23km
8 » .91 2.00 8 r 92 3.18
11 » .95 2.26 11 r .98 3.45
13 » .98 2.56 13 » 98 3.65
10 16.11 3.30 10 6.01 3.82
15 » .08 3.42 15 » .10 4.63
14 » .18 3.63 14 » .15 4.65
7 r .22 4.33 7 r .27 5.75
26 17.17 9.20 26 7.00 9.96
1 » .33 11.36 1 r .28 12.31
6 » .54 12.88 6 » .5l 13.98
3 r 72 13.55 3 r .63 14.50
21 18.30 16.85 5 8.07 17.16
18 r .34 17.40 21 » .10 17.75
19 r .41 18.00 18 7 .24 18.30
16 r .43 18.05 20 r 22 18.75
17 » .49 18.38 19 r .34 18.95
22 r 72 20.00 16 r .32 18.96
17 » .34 19.25
22 r .63 21.00

(to be continued)
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Table 1. (continued)

Eqk. No. 9. Mar. 26, '68. 14h 28m. Eqk. No. 10. Mar. 26, '68. 14h 59m. .
Station No. | Arrival time | Epi. dist. Station No. ’Arrival time| Epi. dist. .
11 7.29sec 0.42km 11 ’ 11.25sec 0.25km
8 » .31 1.30 8 ‘ » .25 0.78 J
12 » .34 1.73 15 n .33 1.33
15 » .36 1.73 13 » .35 1.63
7 7 40 2.10 12 7 .29 1.75
13 x40 2.15 7 » .37 1.95
14 7 .53 3.10 14 7 .50 2.25
10 » .68 4,20 10 » 67 3.70
2 r .65 5.50 26 12.43 8.48
26 8.53 9.00 1 n .45 9.78
1 » .55 10.18 6 7 .50 10.95
6 » .61 11.25 3 » .82 12.20
3 7 .94 -12.63 5 13.15 14.55
5 9.21 14.95 21 » 22 15.35
21 » .37 15.75 20 » .33 15.93
20 » 46 16.28 18 » A7 16.04
18 » .58 16.50 19 ] v .49 16.45
19 » .57 16.85 16 » .53 16.64
16 r .64 17.08 17 » .59 16.95
17 » .68 17.39 22 7 .70 18.35
22 » 81 18.74
Eqk. No. 11. Mar. 26, '68. 15h 00m. Eqk. No. 12. Apr. 5, '68. 13h 06m.
Station No. | Arrival time| Epi. dist. Station No. | Arrival time| Epi. dist.
11 29.69sec 0.25km 11 43.99sec 1.20km
8 » 73 0.67 7 44 .02 1.65
15 » 78 1.45 15 » .00 1.75 .
12 » .75 1.53 8 7 .01 2.20
13 » .81 1.55 13 » 08 2.70
7 7 .83 2.15 12 » .05 2.90
14 7 97 2.55 14 v .18 3.44 N
10 30.08 3.55 26 45.06 9.15
26 » .82 8.50 1 44.95 9.95
1 » .82 9.88 6 » .98 10.85
6 r .86 11.11 3 45.30 12.46
3 31.23 12.28 5 r .59 14.65
5 » .48 14.68 21 » .72 15.55
21 » .65 15.48 20 v .79 16.00
20 » 78 16.05 18 » .96 16.33
18 » .86 16.15 19 » .93 16.59
19 » .85 16.55 16 46.01 16.89
16 r .92 16.77 17 » 07 17.18
17 7 .99 17.08 22 » .16 18.35
22 32.14 18.50

(to be continued)
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Table 1. (continued)
Eqk. No. 13, Apr. 5, ’68. 13h 58m. Eqk. No. 14. Apr. 5, '68. 14h 52m.
Station No. | Arrival time| Epi. dist. Station No. | Arrival time Epi. dist.

11 45.07sec 1.30km 11 9.25sec 0.43km
15 » .15 1.85 8 » .38 1.81
8 » .16 1.95 15 » .35 1.59
13 » .28 2.64 7 n 45 1.93
12 » .23 2.74 13 r 44 2.13
14 r 42 3.46 12 r 37 2.14
2 n .44 5.27 14 » .56 3.03
26 46.49 9.23 10 » .83 4.20
1 » .46 10.20 26 10.40 8.90
6 n .44 11.05 1 ) n 42 10.25
3 » .86 12.60 6 r 41 11.10
5 47.15 14.80 3 » .74 12.50
21 n 27 15.71 5 11.05 14.80
20 » .34 16.17 21 » .18 15.62
18 » .50 16.47 20 » .33 16.14
19 » .50 16.75 18 » 41 16.35
17 » 62 17.36 19 7 .39 16.69
22 » 72 18.59 17 » .50 17.24
22 » .64 18.60

Eqk. No. 15. Apr. 15, '68. 14h 16m.

Station No. | Arrival time| Epi. dist.
11 10.51sec 1.23km
15 n 57 1.64

8 » .58 2.00
13 » 67 2.60
12 » .6b 2,93
14 r .82 3.31

2 r .65 4.88
26 11.78 9.01

1 » 74 9.78

6 7 71 10.65

3 12.06 12.28

5 n 38 14.45
21 r .56 15.30
20 r .61 15.80
18 .79 16.11
19 » 77 16.38
16 » .82 16.68
17 » .91 17.00
22 13.00 18.25

corrected by the above method.

easy and necessary to correct its
hypocentral position which was al-
ready determined by S-P at the four
stations belonging to the fourth
net. It is especially easy to correct
the epicentral position by the arrival
time of the P-wave at the stations
situated near the epicenter. There-
fore, the writers adopted the result
of observation made in the second
net which was set on the Kakuto
caldera.

Since the hypocentral depth
given by S-P in the four stations
was not so accurate, the writers
re-determined it from the arrival
time of the initial wave at the
series of stations in the same net
after the epicentral position was

The epicentral position of the present earthquake swarm is situated
within 6-7km from each transducer station belonging to the second net,
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Fig. 2. The coseismal lines of the earth-
quake at 15h 28m 51s on March 25, 1968.
E: epicenter given by S-P
E’: epicenter given by P arrival times
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Fig. 3. The coseismal lines of the earth-

quake at 16h 46m 05s on March 25, 1968.
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tions given by S-P and the P arrival times.

opened circle: from S-P
closed circle: from P arrival times

-— and the hypocentral position
i of the earthquake is estimated
} - to be in a range from 3-4km
. to 8-9km and mostly 4-7Tkm
! though it is given from the
| first approximation. Conse-
quently, it is reasonably as-
sumed that the initial wave
observed by the second net
is the wave directly propa-
gated from the origin to each
station and the upper part of
the crust near the earth’s
surface, covered by the second
net, has no remarkable heter-
ogeneity with respect to the
propagation of the P-wave.
According to above as-

sumption, the epicentral position was determined on the basis of the
arrival times of the P-wave of the second net. It is, however, important
for determining the epicentral position by the above assumption that
the propagating velocity of the P-wave should be fixed at the same time
and show nearly constant value in the series of Ebino earthquakes.
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In Table 1, the arrival times of 15 earthquakes observed by the
station Nos. T~14 in the second net are listed. On the map of Fig.
4, the epicentral position of fifteen earthquakes given from the fourth
net and corrected by the arrival times in the second net are shown.

4. Geographical distribution of the initial motion of the
Ebino earthquakes

The problem of whether the earthquakes originating from the vol-
canic districts, especially those of A type occurring on and near the
active and dormant voleanoes like the present Ebino earthquake swarm,
have any different character from the earthquakes in tectonic origins
in respect of the mechanism of the generation of the seismic wave is
important but not yet solved in the field of voleano geophysies.

In the present seismometrical investigation, the writers devoted
special attention not only to the type of development of the seismic
activity in the Kakuto caldera but also to the shift of the seismic
localities along the volcanic belt in order to get any instructive informa-
tion. However, it is the most useful and proper way to study the
problem as to the pattern of the geographical distribution of the initial
motion of earthquakes. For this purpose, the seismograph and transducer
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Fig. 5. The locality of the epicenter
of the Ebino Earthquake at 13h 58m 45s
on April 5, 1968.
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were set at 26 stations in and around the epicentral region in which 20
stations were equipped with the vertical component of the instruments
as are shown in Table 2 in Part 1.

Since a series of earthquakes was recorded in the four nets which
consist of 26 stations, not only the geographical distribution of the
initial motion but also the locality of the hypocentral position of the
great number of earthquakes could be made clear.

It must be noted that the pattern of the geographical distribution
of the initial motion of two earthquakes shown in Figs. 5 and 6 is the
typical one in the present Ebino earthquake swarm and almost 90% of
the earthquakes showed the same pattern. In other words, the up and
down initial motions are separated by two nodal lines which intersect
nearly rectangularily at the epicenter. The one nodal line passes from
north or north-west to south or south-east and the other forms nearly
a rectangle to the other at the epicenter. Therefore, no nodal line
passed on and near the summit part or central part of the Kirisima
voleano group which was in the domain of strong upward motion.

The earthquakes of February 21, at 8h and 10h, and of March 25,
at Oh were so strong that the initial motion of these earthquakes was re-
corded in a series of Wiechert’s seismograph covering the south-western
part of Japan. According to the result of the observation, the geogra-
phical distribution of the initial motion showed the same pattern in the
broad area as mentioned above. As examples, the distribution of the
initial motion in the broad area, those of the earthquakes of February
21, at 8h and 10h, are illustrated based on the report of the Japan
Meteorological Agency. However,
the direction of the initial motion
of the February 21 earthquake
which was observed at Kumamoto
and Muroto did not harmonize with
that of other stations. Since the
Ebino earthquakes were quite shal-
low, their initial motions were not
clearly recorded at distant places.

The initial motion of less than
ten percent of the Ebino earth-
quakes showed downward only at

Fig. 7. The geographical distribution of the stations of the four nets and
the initial motion of the earthquake at 10h no upward initial motion appeared
44m, Fe]bmgry _21’1 1968. N at all as in the case of the earth-

coser arcler P or bus quakes of April 5, 1968, at 12h

opened circle: down or pull
(After Japan Meteorological Agency) 39m, and of March 25, 1968, at

i
136 132° {
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15h 51m. As the example, the particular pattern of the distribution of
the initial motion is illustrated on the map of Figs. 8 and 9 with respect
to the earthquakes of March 25 and April 5. The pattern of the geo-
graphical distribution of the initial motions which shows downward in
all directions from the epicenter suggests a negative single source at the
hypocenter. It is indeed worthy of note that some of the Ebino earth-
quakes, which took place at the central part of the Kakuto caldera,
originated certainly from the negative single source.
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Fig. 8. The locality of the epicenter of Fig. 9. The locality of the epicenter
the earthquake at 15h 51m 08s on March of the earthquake at 12h 39m 09s on April
25, 1968. 5, 1968.
E: epicenter given by S-P E: epicenter given by S-P
E’: epicenter by P arrival times E’: epicenter given by P arrival times

It should be added with respect to the normal pattern of the initial
motion that the trend of the summits of the cones in the Kirisima
voleanic belt is running from nearly north 45° west to south 45° east and
therefore intersects with an angle of 45° to both of the nodal lines. On
the other hand, it is usual that one of the nodal lines coincides with
the locality of the fault line of the big earthquake of tectonic origin
if it is newly formed, and that the ground at both sides of the fault
plane moved parallel with the fault plane and in the opposite direction
sliding along the fault plane.

On the contrary, the displacement of ground on the occasion of an
eruption from a newly formed fissure was not parallel to the fissure
line but rectangular to the trend of fissure which made the fissure open.

Seeing the different mode of the crustal deformation in the tectonic
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earthquake and the fissure eruption, it will be natural that one of the
nodal lines is not identical with the trend of the cones and craters in
the Kirisima voleano group.

As described above, judging from the formation of the caldera, it
is very important that some earthquakes inside the Kakuto caldera
originated from the negative single source.

On the other hand, according to the levelling survey covering the
southern part of the caldera which will be reported in the coming re-
port, it seems that the central part of the epicentral area in the caldera
subsided during the development of the present earthquake swarm.

Although the epicentral positions of the Ebino earthquakes based
on S-P in the fourth net were checked and corrected by the arrival
times of the P-wave of the second net, they were also checked by the
geographical distribution of the initial motion of the earthquake which
was separated into two nodal lines. As a result, the epicentral position
corrected by the arrival time agrees almost perfectly with that given
by the latter method, as is seen in Figs. 5 and 6.

In the 1968 Ebino earthquakes, it is the most remarkable feature
that the two kinds of pattern in the geographical distribution of the
initial motion were observed, which indicate two different mechanisms
with respect to the outbreak of earthquake.

5. Propagating velocity of the P-wave under the
Kirisima volcano group

Since the epicentral positions of the present earthquakes were pre-
cisely studied with respect not only to the S-P observed at the fourth
net, but also to the P arrival time at the second net and the initial
motion just mentioned above, the travel time curves of P-wave were
studied in a lot of earthquakes.

Seeing the travel time curves in some of the Ebino earthquakes,
the writers found a slight but systematic anomaly of the arrival time
at one or two stations, such as, station No. 6, located at the north-east
of Karakuni-dake.

Judging from the circumstances, it seems that they originated from
an extremely local structure near the station, which is rather usual in
the volcanic region. As the first step to studying the propagating
velocity of the P-wave and the structure of the Kirisima volcanoes, it
is necessary to obtain the value of anomaly of the arrival time which
is caused by the local structure near the earth’s surface. Therefore,
the value of the correction for the arrival time was given by the follow-
ing method. As is seen in Figs. 10~12, the arrival times at station
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Fig. 12. The travel time curve of the
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Fig. 11. The travel time curve of the
earthquake at 13h 58m 45s on April 5,
1968.

No. 1 and the stations situated at
epicentral distance longer than at
the station No. 1, are nearly on
a linear travel time curve. Such
linear travel curve was obtained
in the respective earthquakes by
the least square. The value of
the local anomaly for the arrival
time is defined by the deviation
from the above linear travel time
curve. It will be needless to men-
tion that the apparent velocity,
or the velocity along the earth’s
surface, of the initial wave, which

supply useful information regarding the propagating velocity under the
Kirisima voleanoes, can be given by the above procedure.
The values of the local anomaly and their square mean errors at the
stations of the first and third nets are shown in Table 2.

In the present investigation of the travel time, the result obtained
by the horizontal transducer is excluded, because its record was not
always clear as compared with that by the vertical one.

After the arrival time of the eleven stations was corrected by the
values - in Table 2, the travel time curves of these 15 earthquakes were
made, using the improved epicenter, and the apparent velocities were

calculated again.

On the other hand, the altitudes of the eleven stations are not so
different from each other except in the case of No. 5, and the series
of volcanic cones of the Kirisima volcano group are comparably the
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Table 2. Local anomaly of the P arrival time at the stations
in the first and third seismometrical nets.

1 Kirisima V. 0. (1) 0.04:40.03sec

3 Oonami-ike W. 0.03£0.04

4 Kurino-dake. 0.22+0.06

5 Simmoe crattr N. —0.01+0.04

6 Karakuni-dake NE. —0.06+0.03
16 Yunono 0.020.02
17 Yunono-ura 0.04:0.02
18 Ebosi-dake 0.06+0.03
19 Simmoe-Nake-dake 0.01:£0.02
20 Simmoe crater S —0.04+0.03
21 Oonami-ike S. —0.03+0.03
22 Takatiho —0.04+0.02

(Positive, delayed time: negative, advanced time)

same, not only in their volume, but also in the thickness of the voleanic
ejecta covering them. However, as the first approximation, the anomaly,
caused by difference of the altitude of the station and other extreme
local circumstances, was corrected by the above method. Therefore it
is reasonably assumed that at any place in the Kirisima volcanoes the
propagating velocity of the P wave between the earth’s surface and
the sea-level is not so different.

As is shown in Table 4 the apparent velocities of the 15 earthquakes
given from the series of the stations located more distant than station
No. 1, or 10-20km, in the epicentral distance are in a range from
5.7km/sec to 6.4 km/sec, while those of the 12 earthquakes are in a
range from 6.1km/sec to 6.4 km/sec. In addition, total mean value of
apparent velocities is 6.1 km/sec.

As the first approximation it is general that the analysis of the
above travel time curves in the Ebino earthquakes is made on the basis
of the assumption of the horizontal layers with respect to the propagat-
ing velocity of the seismic wave. In the present case, the problem
dealt with will be the homogeneous model in the horizontal direction.
Since the problem is dealt with on the above assumption, the epicentral
position is given from the series of the arrival times of the initial
seismic wave independent of the determination of the hypocentral depth.

On the other hand, the epicentral positions given from the S-P at
the four stations of the fourth net were re-determined, as is shown in
Fig. 4, by the P-arrival times of the stations of the second net which
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were located very near to these epicentral positions. Therefore, it can
be said that the epicentral positions of these earthquakes are precisely
determined within a range of error of 0.3 km.

The hypocentral depths given from S-P at the four stations were
mostly in a range between 4km and 8km, and 313 earthquakes out of
337 are in a range from 4km to 8km in depth, though these hypocentral

Table 3. Frequency distribution of hypocentral depth and
distance coefficient given from S-P at the four
stations of the fourth net.

(Feb. 11-Aug. 31, 1968)

Hypocentral depth Frequency Distance coefficient } Frequency
2.0—2.9km 4 5.3—5.4 1
3.0—3.9 18 5.56—5.6
4.0—4.9 66 5.7—5.8 31
5.0—5.9 116 5.9—6.0 257
6.0—6.9 101 . 6.1—-6.2 18
7.0—17.9 30 6.3—6.4 14
8.0—8.9 2 6.5—6.6 6

depths based on the S-P at the four stations are usually not so accurate
and are expected to have an error of =2 or +3km.

With respect to the precise determination of the hypocentral depth,
the writers will discuss afterward. Needless to say, the distance coef-
ficients for the Ebino earthquakes were obtained at the same time their
hypocenters were determined on the basis of S-P at the fourth net.
The distance coefficients are represented in Table 3 together with the
frequency distribution of the hypocentral depth.

On the other hand, it is natural to expect that the propagating
velocity of the P wave at the surface of the Kirisima volcanoes, on
which the present seismometrical net is set, will be exceedingly smaller
than 6.1—6.4 km/sec which is suggested from the apparent velocity.
Judging from the value of the distance coefficient, 6.0, the propagating
velocity of the P-wave near the upper part of the region will be in a
range from 4.0 km/sec to 4.5 km/sec as the mean velocity of the surface
layer from the earth’s surface to 5 or 6km deep. The above value
for the P wave will be reasonable according to the experiments con-
cerning the seismic velocity at volcanic region.

The result of the observations of the present Ebino earthquakes
will be summarized as the seismic features of Kirisima volcanoes as
follows.
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1) So long as the parallel structure in the velocity distribution is
assumed in the present case, the discontinuity with respect to the pro-
pagating velocity will be reasonably expected at the depth of 5km or

6 km from the earth’s surface.

2) The propagating velocity of the P wave will be in a range from

sec Z$ 5km
5.0* 3 V;"77?“
Skm g
te RN 7/ V= 4.3 km/sec,
/| 4.0 Va= 6.1 km/sec.

0+ T T T T
0 5 10 15 20
————————— —= Alkm)
Fig. 13-a. The travel time curves cal-

culated on the basis of the above model
structure.
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Fig. 14. The travel time curve for the
arrival times corrected by the local anomaly
of each station and those calculated on the
basis of the model structure.
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Fig. 13-b. The travel time curves cal-
culated on the basis of the above model
structure.
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Fig. 15, The travel time curve for
the arrival times corrected by the local
anomaly of each station and those cal-
culated on the basis of the model structure.
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4.0 to 4.5 km/sec in the surface layer and in the part deeper than the
discontinuity in a range from 6.0 to 6.3 km/sec.

The above results include three ranges of values, or two ranges
concerning the propagating velocity of the P wave of which one is for
the thickness of the surface layer. Since the above ranges are limited
respectively, the most suitable value was found on the basis of the

travel time curves of 15 earthquakes.
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Fig. 16. Comparison of the observed
travel time of the earthquake at 14h 16m
on April 15, 1968 with that calculated on
the basis of the model structure.
(hypocentral depth: 5.5km)
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Fig. 18. Comparison of the observed
travel time of the earthquake at 15h 51m
on March 25, 1968 with that calculated on
the basis of the model structure.
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Fig. 17. Comparison of the observed
travel time of the earthquake at 14h 28m
on March 26, 1968 with that calculated on
the basis of the model structure.
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Fig. 19. Comparison of the observed
travel time of the earthquake at 16h 46m
on Mareh 26, 1968 with that calculated on
the basis of the model structure.
(hypocentral depth: 6.0km)

1.0 20 40 sec,




762 T. MINAKAMI, S. HIRAGA, T. M1vAzAKI and H. TERAO

As a result, the propagating velocities and the thickness of the
surface layer are obtained as 4.3km/sec, 6.1km/sec and 5 km/sec,
respectively.

Since the structure relating to the velocity distribution of the

Table 4. Apparent velocities (V,) for the observed arrival
times, the ones (V) corrected by the local anomaly and
the apparent velocity (V,) calculated on the basis
of the model, at the epicentral distances
from 10 km to 20 km.

Eqk No. 1 | 144 Ve
1 6.2km/sec 6.2km/sec 6.3km/sec
2 6.1 5.9 » 6.1 ~»
3 6.3 6.3 6.2
4 5.9 » 5.9 6.1 »
5 5.7 » 5.7 » 6.1
6 6.3 » 6.3 » 6.3 «»
7 6.1 6.1 » 6.1 ~»
8 6.4 6.4 6.2 »
9 6.3 » 6.3 » 6.2 »

10 6.3 » 6.3 6.2 »
11 6.1 6.1 =~ 6.2 »
12 6.4 » 6.4 » 6.2
13 6.1 » 6.1 » 6.1 »
14 6.3 » 6.2 » 6.2 »
15 6.0 -~ 6.1 » 6.1 ~

seismic wave was determined, the travel time curve for various hypo-
central depths was ecalculated in the epicentral distance of from 0 to .
25km. The result of calculation is given in Figs. 13-a, b, and the
calculated travel time curves are compared with those of the observed
ones for determining precisely their hypocentral depth.

From the comparison of the observed and calculated traveltime
curves and the hypocentral depths were re-determined in the respective
earthquakes, the accuracy of the hypocentral depth was exceedingly
improved. As a result, the hypocentral depths which were already
given from the S—P at the four stations were changed in a range of
+0.2~0.5 km, based on the calculated travel time curves of the men-
tioned model.

In order to show how the adopted model harmonizes with the
present observation the following examinations are made for the im-
proved hypocentral depth. TFirst of all, the time differences between
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Table 5. The comparison of the hypocentral depth given by
S—P with that obtained by a series of the P arrival
time, the arrival times at the epicenter and
occurrence times at the hypocenter.

Z : Hypocentral depth given from S—P

Z*: Hypocentral depth given from P arrival time

T : P arrival time at the epicenter

T*: Qccurrence time (origin time) at the hypocenter

Egk. No. z Z* ] T T *
1 4km 7.5km Mar. 24, 20h 37m 47.28s r 45.71s
2 6 4.5 » 25, 14h 40m 38.00s » 36.95s
3 5 6.0 » » 15h 04m 32.02s » 30.70s
4 6 5.0 » » 15h 28m 51.80s » 50.64s
5 4 5.5 » » 15h 5lm 08.48s » 07.23s
6 6 7.0 » » 20h 33m 49.28s » 47.79s
7 6 5.0 » » 21h 29m 15.76s » 14.71s
8 3 6.0 » » 16h 46m 05.70s r 04.38s
9 6 6.0 » 26, 14h 28m 07.27s » 05.958
10 5 6.0 + » 14h 59m 11.24s » 09.925
11 6 6.5 » » 15h 00m 29.69s » 98.28s
12 5 8.0 Apr. 5, 13h 06m 43.92s s 42.35s
13 4 4.5 » » 13h 58m 44.96s » 43.91s
14 4 6.5 » » 14h 52m 09.25s » 07.84s
15 6 5.5 » 15, 14h 16m 10.47s » 09.22s

the arrival time at the epicenter and that of the respective stations
are compared with the time differences calculated in the above model
and the improved origin in Figs. 16~19.

On the other hand, the apparent seismic velocities are obtained
from the observed travel time curves at the epicentral distances of
between 10 km and 20km, and compared with those calculated in the
model and the improved hypocentral position in Table 4. As are seen
in Figs. 16~19 the observed traveltime curves harmonize well with
those calculated in respect to their travel times and apparent velocity
of the initial wave.

Therefore, it will be reasonable that the proposed model will be
accepted as the reliable structure of the Kirisima volcanoes in respect
of the propagating velocity distribution of the P wave.

6. Conclusion

One of the writers had been conceiving for quite a long time a
plan that, besides the seismic blast, the structure of volecano relating
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to the velocity distribution of the elastic wave could be studied in a
lot of earthquakes which take place near the voleano.

It was fortunate to get a chance to put the plan into practice to
some extent in the 1968 Ebino earthguake swarm.

In the present paper, the writers deal with the geographical dis-
tribution of the initial motion of the Ebino earthquakes, the structure
of the Kirisima volecanoes relating to the wvelocity distribution of the
seismic P wave and, at the same time, the re-determination of the
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Fig. 20. The oscillograms obtained by three recorder stations.
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hypocentral depth based on the travel time curves.

Although the geographical distribution of the initial motion for
the great number of the Ebino earthquakes was of the ordinary type
in which the upward and downward motions are separated into two
straight lines passing the respective epicenters in the junction, a small
percentage of the earthquakes showed the downward motion in all
directions from the epicenter. The latter distribution indicates the
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Fig. 21. The oscillograms obtained by three recorder stations.
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mechanism of a negative single source in the appearance of the seismic
wave at the hypocenter which was located inside the Kakuto caldera.
Since the phenomenon is interesting and important for the caldera
formation, it will be necessary to study further from the geological
and geophysical point of view.

On the basis of the seismometrical observations at stations which
are set on the Kirisima volcanoes, the travel time curves were studied
in detail and the velocity distribution of the P wave was made clear
to some extent. As a result, the writers found the model of the
parallel structure with respect to the velocity distribution of seismic
wave under the Kirisima volcanoes.

In conclusion, the writers wish to express their thanks to Mr. S.
Utibori and Mr. N. Gyoda for their help in the seismometrical obser-
vation in the 1968 Ebino earthquakes, and to Miss T. Utsunomiya,
Miss K. Hirai and Mrs. T. Kinoshita for their help in preparation of
this paper.
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