BULLETIN OF THE EARTHQUAKE
RESEARCH INSTITUTE
Vol. 48 (1970), pp. 431-489

26. Seismometrical Studies of Volcano Asama,
Part 2.
Anomalous Distribution of the P Arrival Times

and some Information of the Velocity of the P
Wave Propagating through the Volcano.

By Takeshi MINAKAMI, Sadao UTIBORI, Tsutomu MIYAZAKI,
Shiro HIrRAGA, Hiroko TERAO and Kakuko HIRAI,

Earthquake Research Institute.
(Read February 24, 1970.—Received March 20, 1970.)

Contents
1. Introduction .......ovvveviviriineiannn.. e, 431
2. The Matsushiro (or Togura) blasts in November-December,
1967 and in November 1969 .......vviininiiiiiirnnnneennn 433

3. The seismic observations of the 1966 Matsushiro earthquakes
with the Asama permanent and temporary net-works on
and around the voleano........coovviiiiiiiinnnnnnnnn.. 443
4, The travel time curves on and around Volecano Asama, based
on the seismometrical observations of the 1966 Matsushiro
earthquakes ..ottt i e 446
The relative anomalies of the arrival times on Asama .... 459
6. The anomalous distributions on Volecano Asama in the arrival
times of the seismic waves by the blasts and the Matsu-

o

shiro earthquakes .......coiiiiiiieniiririronennnennnns 466
7. The seismometrical experiments by Dblasts on the eastern
and western flanks of Volecano Asama .................. 469
8. Where should we look for the origins of the delays of the
arrival times on Volecano Asama? ..........ccovvvvnnn.. 479
9. The seismic observations at Asama for the August-September
1969 Kamikooti earthquakes ..........cviiiiiiineena... 481
10. The root of Volcano Asama seen from the propagation of
the S€ISMIC P Wave....ovvrteiiiii et ereiiieannnnnnns 483
11, ReSUME .o.iniitit ittt i e 487

1. ‘Imntroduction

In the previous paper”, the writers reported on the general feature
of the earthquakes originating from Volcano Asama and gave an outline of
the seismic activity of the volcano during the period from 1934 to 1969.

1) T. MiNakAMI, S. UTiBORI, S. HIRAGA, T. MIYAZAKI, N. GYODA and T. UTSUNOMIYA,
Bull. Earthq. Res. Inst., 48 (1970), 235-301.
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On that occasion, they remarked that the outstandingly anomalous dis-
tributions on the volcano were found not only in the amplitude of the
earthquake motions of the B quakes, but also in their seismic frequency,
these anomalies being closely related with the nature of the geological
formations on which the seismometrical observations were made.

It will, however, be needless to mention that the arrival times on
the volcano also have a close relation not only with the altitudes of the
stations but also with the geological formations of the volcano consisting
of vastly different ejecta with respect to the seismic propagating velocity.

It is important to study the Structure of the volcano from the
view-point of velocity distribution of the seismic waves and to examine
if the magma chamber exists. However, on account of a lot of dif-
ficulties, there are very few volcanoes in the world, except Voleano
Kilauea in Hawaii, of which the structure has been precisely studied.
D.P. Hill studied the structure of Big Island of Hawaii including Vol-
cano Kilauea” which was expressed by the distribution of the seismic
P wave from its earth’s surface to the upper mantle, by means of a
series of blasts. For the same purpose, the writers carried out a series
of seismic observations with the permanent seismometrical network and
the temporary ones established on and around the volcano as the first
step to the study.

As described in the previous paper®, the attenuations acting to the
seismic waves passing through the volcano are extremely serious and,
on the other hand, the noise levels are quite high on the loose ejecta
of the volcano. For the above-mentioned reasons, the following problems
have been studied on the basis of a number of seismometrical observa-
tions:

(1) the investigations of the arrival times of elastic wave caused
by the blasts at the Matsushiro area, :

(2) the seismometrical observations of the arrival times of the
Matsushiro earthquakes,

(8) the seismic prospects by blasts on the east and west flanks of
the volcano.

In this report, the writers deal with the anomalies of the P arrival
times of the seismic stations on the volcano or the deviations of
the P arrival times from the travel time curve of the adjacent region
and with some information about the P velocity distribution inside and
underneath the voleano, though the problem needs to be studied further
for making clear the precise structure of Volcano Asama.

2) D.P. HiLL, Bull. Seism. Soc. Amer., 59 (1969), 101-130.
3) T. MINAKAMI et al., loc. cit., (1)
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2. The Matsushiro (or Togura) blasts in November-December,
1967 and in November 1969

As is well-known, the Matsushiro area was visited by an earthquake
swarm on an outstandingly big scale in August 1965, lasting for at
least four years. S. Asano and his colleagues® studied the structure
of the Matsushiro area on the basis of the travel time curves of the
seismic waves originating from a series of blasts.

They carried out explosion seismic experiments on the Matsushiro
epicentral area in the periods from November 21 to December 4, 1967,
and from November 21 to 25, 1969. The result of these experiments
for the former period has already been published.

On the occasion of the above experiments, the writers made a series
of special seismic observations with the Asama permanent net-work and
the temporary ones on and around Volcano Asama, in order to make -
clear the anomalous distribution of the arrival times at each station on
the volcano and the veloeity distribution of the seismic waves in the
voleano.

Ag can be seen in Figs. 1 and 11, the Matsushiro epicentral area
and the shot point (A-IV) of the experiments are situated 25~40km
and 35~45km north-west of the Asama seismic net respectively. The
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Fig. 1. The localities of the seismometrical net-works for the 1967 and
1969 blasts at the Matsushiro area.
A-TII, A-IV and A-V; positions of shot points.

4) S. Asano et al., Jour. Phys. Earth., 17 (1969), 77-90.
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localities of the Asama permanent seismograph net-work and the tem-
porary ones for the present purpose are shown on the map of Fig. 1
and Table 1.

Of a series of blasts at the Matsushiro area, the following two were

Table 1. The locality of the observation points.
(1) The Sugadaira net-work

%‘gl Place Long%l_lde La?%;lde Altitude
S1 Hokiya-dake 138°18 33" 86°81’ 357 1289m
S2 Daimatu-yama 138 19 85 36 30 57 1297
S3 Kensyo-zi 138 19 43 36 31 58 1290
S4 Hoyosyo 138 20 06 36 31 24 1265
S5 Junction P. 138 20 28 36 31 46 1300
S6 Tri. P. 1294 m 138 20 57 36 30 57 1294

(2) The Takamine net-work

%tgf‘ Place Lon(géi):ude La‘g\?;de Altitude
T1 Sanpoogamine 138°267 1477 36°247 09" 2025m
T2 Takamine H.S. 138 27 14 36 24 19 1730
T3 Takamine H.S. Guti 138 27 49 36 24 26 1950
T4 Kurumazaka Tooge 138 28 53 36 24 03 2040
T5 Gippa-yama 138 29 54 36 23 40 2000
T6 Kurohu-yama 138 29 33 36 23 56 2300
T7 Takamine Hotel 138 28 19 36 24 04 1985

(8) The Asama permanent net-work

%?' Place Lonz(gégude La%\%lde Altitude
4 Gippa-yama 138°29’ 547 36°23’ 407 2000

5 Oniosidasi W. 138 31 17 36 25 21 1630

7 Sekison-san 138 31 17 36 23 10 1860

19 Higasi-Maekake - 138 31 56 36 24 00 2350

6 Kuromamegawara U. 138 32 40 36 25 12 1560

1 Huzimizaka 138 32 22 36 23 55 2160

8 Hotokeiwa 138 32 26 36 22 29 1470

2 Sannotorii 138 33 05 36 24 02 1820

9 Okubosawa 138 33 32 36 23 15 1580

3 Nakanosawa 138 34 09 36 24 01 1380

11 Tutuzigahara 138 35 53 36 25 13 1350

28 Siraitonotaki II 138 35 16 36 24 00 1420

12 Siraitonotaki I 138 35 41 36 23 39 1365

(to be continued)




Seismometrical Studies of Volcano Asama (2) 435

Table 1. (Continued)

(4) The Minami-Karuizawa net-work

Sﬁt&. | Blies Lonz,zg}t)ude LaH&l}lde Altitude
M. K. 1 Park Hotel 1387367 5577 36°19727" 940m
M. K. 2 ‘ Airport 138 37 08 | 36 1842 940
M. K. 3 | Seizan Hotel 138 38 23 36 20 11 940
M.K. 4 | Seibu Office 138 37 58 | 36 18 39 | 930
M.K. 5 Iriyama-tooge 138 28 43 36 19 08 ; 960
M. K. 6 ‘ Narusawa 138 37 51 36 19 24 920

the same in shot point and, therefore, the writers will deal mainly with
the results of observations in the two blasts.
Shot point 36°29'32"(N), 138°07'59"(E), H=369 m.
Shot time (1) 03h 056m 00.326s,
Dec. 2, 1967,
Charge 324 kg, M ; ”
(2)  03h 05m 00.034s, TV e :
Nov. 22, 1969,
Charge 324 kg.
Besides the Asama permanent
geismic net-work, temporary nets
were set at Sugadaira, Minami-
Karuizawa for the 1967 e-xperxment. Fig. 2. Tl{e localities of the observa-
and were added at Takamine for the tion' pointe Lalonging: to the Bugs-
1969 one, as shown on the map of daira net.

e | 2Km
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Fig. 3. The localities of the seismic stations of the Asama permanent net

and the seismometric observation points at Takamine.
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Fig. 5. The seismograms of the Sugadaira, Asama and Minami-Karuizawa
net-works for the Togura blast at 03h 05m, December 2, 1967.
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Fig. 6. The seismograms of the Sugadaira, Takamine, Asama and Minami-

Karuizawa net-works for the Togura blast at 03h 05m, November 22,
1969.
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Fig. 4. The localities of the observa-
tion points belonging to the
Minami-Karuizawa net.

Fig. 7. The travel time curve of the
December 2, 1967 blast at Togura (A-1V).
Solid circles; arrival times at the Suga-

daira and Minami-Karuizawa nets,
Open circles; arrival times at the Asama
net.

Fig. 8. The travel time curve of the seismic
P wave originating from the 03h 05m
0.03s, November 22, 1969 blast at Togura
(A-TIV).

Fig. 3. For the seismic observa-
tions, the writers used the electro-
magnetic oscillographs as the re-
corder at the respective nets, and
the crystal clock and the J.J.Y.
radio for ecatching the absolute
time.

In Tables 2 and 3 the arrival
times and the distances from the
shot point to each observation
point are given for the above-
mentioned two blasts.

The shot point at the above
blasts at Togura (shot point A-1V)
was located at the south side of
the epicentral region of the 1965
-1968 Matsushiro earthquakes or
almost 40 km west of the Asama
permanent net. On account of the

Fig. 9. The superposed travel time curve
of the seismic P waves originating
from the 1967 and 1969 Togura blasts
of which the shot points are exactly
the same, (A-1V).

Solid circle; the 1967 blast at the Suga-
daira and Minami-Karuizawa nets,

Double circle; the 1969 blast at the
Sugadaira and Minami-Karuizawa
nets.

Open circle; the 1967 and 1969 blasts
at the Asama and Takamine nets.
(The velocity of the seismic P waves
is given by the 1967 and 1969 observa-
tions at the Sugadaira and Minami-

Karuizawa nets.)




Seismometrical Studies of Volcano Asama (2) 439

above reason, the seismic waves from the Togura blasts propagated to
the Minami-Karuizawa net without passing through the root of Volcano
Asama as being seen in Fig. 1.

On the other hand, the Sugadaira net was located at 17km north-
east of the Togura shot point and the Minami-Karuizawa net located at
48km east slightly south of the above shot point. Therefore, the
seismic waves observed at the above two nets were those that passed
on the different route.

Table 2. The arrival times and epicentral distances of the blast
at Togura (A-IV) at 03h 05m 0.326s, December 2, 1967.
4; distance from the origin,
T: arrival time, T’; origin time,
t; T-—T', travel time,
t—t,; anomaly of the arrival time,

A(km)
t,=0.033® f = |
+ 5.17 (km/sec)

(1) The Sugadaira net

Stn. 4 T ¢ to t—t,

st 16.23%m 3.490%¢ 3.004sec 3.061s00 0.033sec
s2 17.12 3.607 3.281 3.233 0.048
S8 17.89 3.696 3.370 3.382 ~0.012
sS4 18.14 3.803 3.477 3.430 0.047
S5 19.08 3.877 3.551 3.612 —0.061
S6 19.25 3.968 3.642 3.645 —0.003

(2) The Asama permanent net

SI\%‘ 4 T ¢ te t—t,

5 35.37%™ 7.857%°° 7.531%° 6.763%° 0.768°°
19 37.22 8.571 8.245 7.120 1.125

6 37.74 8.236 7.910 7.221 0.689

8 38.67 8.638 8.312 7.401 0.911

2 38.85 8.707 8.381 7.436 0.945

3 40.40 8.788 8.462 7.735 0.727
11 42.44 8.802 8.476 8.130 0.346
12 42.80 8.953 8.627 8.200 0.427

(to be continued)




440

T. MINAKAMI et al.

Table 2. (Continued)
(3) The Minami-Karuizawa net

Stn.

No. 4 T t te t—te
M.K. 1 47.10%™ 9.463%°° 9.1375¢° 9.031%°° 0.106%¢°
M.K. 2 47.96 9.492 9.166 9.197 —0.031
M.K. 3 48.62 9.610 9.284 9.825 —0.041
M.K. 4 49.13 9.656 9.330 9.424 —0.094
M.K. 5 49.81 9.891 9.565 9.555 0.010

Table 8. The arrival times and epicentral distances of the blast
Togura (A-IV) at 03h 05m 0.034s, November 22, 1969.

4; distance from the origin,

T; arrival time, T”; origin time,
t; T—1T'; travel time,
t—t.; anomaly of the arrival time,

A(km)
5.24(km/sec)

(1) The Sugadaira net

t,=0.034% +

Stn.
No. 4 T ¢ t t—t,
S1 16.23%™ 8.158°° 3.124%°¢ 3.125°¢ —0.001%°°
S2 17.12 3.336 3.302 3.295 0.007
S3 17.89 3.437 3.403 3.442 —0.039
sS4 18.14 3.544 3.510 3.490 0.020
6 19.25 3.738 3.704 3.702 0.002
(2) The Takamine net
Stn. _
an. 4 T t e t—t,
T1 29.09%™ 6.006°°° 5.9725° 5.580%° 0.392°¢°
T2 30.40 5.997 5.963 5.830 0.133
T3 31.17 6.182 6.148 5.977 0.171
T4 32.90 6.594 6.560 6.308 0.252
6.643 6.609 6.613 —0.004
T5 34.50 6.681 6.647 ” 0.034

(to.be continued)
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Table 3. (Continued)

(8) The Asama permanent net

Stn. ‘ _

No. 4 T t tc» t—1tc

6 37.74%> 7.868%°¢ 7.834%°°¢ 7.232%¢°° 0.602%¢¢

2 38.85 8.386 8.852 7.4438 0.909
9 39.91 8.2568 8.224 T7.646 0.578
3 40.40 8.470 8.436 7.739 0.697

28 41.89 8.766 8.732 8.024 0.708
(4) The Minami-Karuizawa net

Stn.

No. 4 T ¢ te t—t,
M.K. 1 47.10k™ 9.100%¢° 9.066%°° ’ 9.018%°¢ 0.048%¢¢
M.K. 6 48.53 9.330 9.296 9.291 0.005
M.K. 3 48.62 9.550 9.516 9.309 0.207
M.K. 4 49.13 9.370 9.336 9.406 —0.070
M.K. 5 50.01 9.430 9.396 9.574 —0.178

However, the arrival times at the observation points of the Suga-
daira and Minami-Karuizawa nets are almost exactly on the same travel
time curve which passes the origin time and shows the velocity of 5.20
km/sec in the blasts both in 1967 and 1969. As mentioned already, the
two blasts at Togura were carried out at exactly the same place as
their shot point.

In the 1969 blasts, the Takamine net was added to the other three
nets located closely at the west side of the Asama permanent net, in
order to obtain information of the arrival times just before those at the
Asama net.

In order to make clear the delay or anomaly of the arrival times
on Asama, it was defined by the deviation or difference of the arrival
time at each station on the volcano from the travel time given with a
series of the arrival times at the Sugadaira and Minami-Karuizawa
nets. As a matter of convenience those anomalies in the Matsushiro
blasts are referred to the first anomaly to distinguish from the second
one dealt in the Matsushiro earthquakes. The anomalous values thus
defined are shown in Tables 2, 8 and 4, with other observed data.

As a result, remarkable delays of arrival times were found mainly
on the east and south-east sides of Asama, ranging from 1.13sec to
0.35sec, these being quite large values.
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Table 4. Average anomalies of the arrival times on Voleano
Asama and its vicinity given from the 1967 and 1969 Matsu-

shiro (Togura A-IV) blasts.
(1) The Sugadaira net

Stn. . Average
No. Place H(Altitude) anomaly
S1 Hokiya-dake 1289™ 0.02sec
S2 Daimatsu-yama 1297 0.03
S3 Kensyo-zi 1290 —0.03
S4 Hoyosyo 1265 0.03
S5 Junction P. 1300 0.06*
S6 Tri. P. 1294m 1294 0.00
(2) The Asama permanent net
Stn. . Average
No. Place H(Altitude) anomaly
4 Gippa-yama 2000™ 0.03sec
5 Onisidasi W. 1630 —
7 Sekison-san 1860 —
19 Higasi-Maekake 2350 1.18%
6 Kuromame. U. 1560 0.65
8 Hotokeiwa 1470 0.91%*
2 Sannotorii 1820 0.93
3 Nakanosawa 1380 0.71
11 Tutuzigahara 1350 0.35%
12 Siraitonotaki I 1365 0.43*
28 Siraitonotaki II 1420 0.71*
(8) The Minami-Karuizawa net
Stn. . Average
No. Place H(Altitude) anomaly
M.K. 1 Park Hotel 940™ 0.08sec
M.K. 2 Airport 940 —0.03*
M.K. 3 Seizan Hotel 940 0.08
M.K. 4 Seibu Office 930 -0.08
M.X. 5 Iriyama-tooge 960 —0.08
M.K. 6 Narusawa 920 0.01*

*; Anomaly of the arrival times is given by the 1967 blast or the 1969 one.

(cf. Tables 2 and 8)
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3, The seismic observations of the 1966 Matsushiro
earthquakes with the Asama permanent and
temporary net-works on and around
the Volcano

In order to indicate the development of the 1965-1968 Matsushiro
earthquakes, their daily frequencies observed at three seismic stations
on Asama are shown in Fig. 10 together with those of the B earthquakes
originating from the summit erater and its vicinity. We have a lot of
examples in which a series of strong earthquakes near active volcanoes
gave influences to these volcanoes and, as a result, they showed abnor-
mal features in their seismic and voleanic activities as in the cases of
the 1968 Tokati-dake activity® soon after the Tokati-oki earthquake and
the 1961 Kakuto caldera one® just after the Hyuganada earthquake.

However, in the period before, during and after the Matsushiro
earthquakes, we did not find any change in the seismicity and voleanic
phenomena of Voleano Asama.

It was indeed fortunate to have had the opportunity for carrying
out seismic observations of the Matsushiro earthquakes on and around
Volcano Asama in order to obtain various information about the arrival
times on the volcano and to study the structure of the volcano from
geismological view-points.

For this purpose, the writers established temporarily the seismome-
tric nets at Sugadaira and Minami-Karuizawa in 1966, the localities of
the observation points of which were the same as those for the 1967
and 1969 Matsushiro blasts. The other temporary nets were established
in the same year at the Ookuwa area and the Oodo one in the north-
eastern foot of the volecano, and at the Hosina area, north-east of the
Matsushiro epicentral area. The localities of the observation points for
the latter three nets are shown in Table 5. A

The temporary seismic observations for the Matsushiro earthquakes
were made with the above six nets including the Asama permanent
one during June.and October 1966. However, on account of the lack
of instruments and operators, all of the above six nets were never
operated at the same time. The observations were made in the following
four combinations of the nets;

(1) Sugadaira-Asama-Minami.Karuizawa +---- the first group net,

(2) Sugadaira-Asama-Ookuwa secceeceeeeness the second group net,
(8) Sugadaira-Asama-00do «-++ceeeeceeracnes the third group net,
(4) Hosina-Sugadaira-Asama ««cceeeceeeceses the fourth group net.

5) Japan Meteorological Agency, Voleano. Bull., 8, II (1969), 55-66.
6) T. Mivakami, D. SHIMOZURU et al., Bull. Earthg. Res. Inst., 46 (1968), 965-992.
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S 10 Km

Fig. 11. The localities of the seismometrical net-works on and around Vol-
cano Asama for the seismometrical observations for the 1966 Matsushiro

earthquakes.

Solid circle; epicentral positions of the Matsushiro earthquakes
observed with the above nets.

Table 5. The location of the observation points in the 1966

Matsushiro earthquakes.

(1) The Ookuwa net-work

Stn.

No Place Longitude (E) | Latitude (N) Altitude
0.K. 1 Kozyuku 138°347 227 36°31/ 37" 860™
0.K. 2 Kosiro 138 85 13 36 30 51 930
0.X. 38 Ookuwa 138 36 02 36 30 25 960
0.K. 4 Kariyado 138 86 49 36 29 50 950
0.K. 5 Hatonoyu 138 39 59 36 29 28 900

(2) The Oodo net-work

Sl\%g Place Longitude (E) | Latitude (N) Altitude
0.D. 1 Take 138°42/ 57" 36°307 28" 680™
0.D. 2 Hommaru 138 44 04 36 30 27 640
0.D. 3 Oodo 138 46 36 36 30 37 500
0.D. 4 Tekomaru 138 47 22 36 30 30 610
0.D. 5 Kogara-yama 138 48 22 36 30 14 720
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(3) The Hosina net-work

%‘g Place Longitude (E) | Latitude (N) Altitude
H1 Takaoka 138°16 24/ 36°347 427 600™
H2 Kazoo 138 16 40 36 34 36 600
H3 Zisya 138 17 16 36 34 06 600
H4 Hosina 138 17 08 36 34 24 600

For making clear the relation between the arrival times and the
epicentral distances, the result of the seismic observations with the above
four-group nets are represented in Tables 6~9, as an example, with
respect to five of the earthquakes originating from the Matsushiro area.

The epicentral distances in Tables 6~9 are given on the basis of
the epicentral positions which were studied by T. Hagiwara and his
associates” with the temporary seismograph net at the Matsushiro area
during the period.

The seismograms obtained with the four-group net-works are shown
in Figs. 12, 15 and 16. In order to determine the precise arrival times
at each net-work, the writers recorded not only the second signals of the
crystal clock, but also those from J.J. Y. on the seismograms.

4. The travel time curves on and around Volcano Asama,
based on the seismometrical observations of the 1966
Matsushiro earthquakes,

In order to give an outline of the anomalous distribution of the
arrival times on the volcano, the travel time curves are illustrated in
Figs. 13, 17, 20, 21 and 23, which correspond to the first, second, third
and fourth groups of the seismometrical net-works respectively.

(1) The travel-time curve along the first group of the mets.

The first group of the nets, or the Sugadaira, Asama and Minami-
Karuizawa ones, are located on a straight narrow belt running from
the Matsushiro epicentral area to the south-east direction. The Asama
net is situated mid-way of the other two nets and, therefore, it can be
said that the seismic waves observed at the Minami-Karuizawa net pro-
pagated under the root of Voleano Asama. The Minami-Karuizawa net
is located on and near the Usue formation, or the Tertiary geological

7) K. HAMADA and T. HAGIWARA, Bull. Earthg. Res. Inst., 44 (1966), 351-361; 44 (1966),
1213-1238; 44 (1966), 1239-1268; 44 (1966), 1665-1687; 45 (1967), 159-196.

Party for Seismographic Observation of Matsushiro Earthquakes, Bull. Earthq. Res.
Inst., 44 (1966), 309-333; 44 (1966), 1689-1714; 45 (1967), 197-223; 45 (1967), 887-917.
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Fig. 12. The seismograms of the Z1h 15m, June 17, 1966 Matsushiro earth-
quake observed by the oscillographs in the Sugadaira, Asama and
Minami-Karuizawa net-works.
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Fig. 13. The travel time curve of the
21h 15m, June 17, 1966 Matsushiro
earthquake. The velocity (5.6 km/sec)
of the seismic P wave is given with the
Sugadaira and Minami-Karuizawa nets.

Solid circle; arrival times of the
Sugadaira and Minami-Karuizawa
nets,

Open circle; arrival times of the
Asama net.

formation, and the observation
point of the same net, M.K. 5
(Iriyama-tooge), is located on the
formation. On the other hand,
the Sugadaira net is located on
the flat topography of the small
plateau which is intruded by quartz
diorite, according to the geological
survey by R. Ota and M. Katada®.

As seen in the travel time
curve in Fig. 13, the travel times
of the Sugadaira and the Minami-
Karuizawa nets are almost on a
line which indicates a propagating
velocity of 5.6 km/see, though those
of the Asama net are much de-
viated from the line. As described
already, the same phenomenon
was seen in the case of the 1967

Table 6. The arrival times, their anomalies and the epicentral dis-
tances of the Matsushiro earthquake at 21h 15m, June 17,
1966 (Hypocentral depth=4.9km).

4; epicentral distance,

T; arrival time,

T*; arrival time expected from the travel-time curve
given by the Sugadaira-Ookuwa-Oodo seismometrical

observation,

T'; arrival time expected from the Sugadaira-Minami
Karuizawa observation.

(1) The Sugadaira net

Stn. 4 T T+ T— T T T—17
s1 6.65%m |  57.78%c|  BT.75wc|  0.03% |  57.74%c |  0.04wc
s3 7.5 57.89 57.81 0.02 57.86 0.03
s2 8.83 58.04 58.03 0.01 58.04 0.00
S4 8.45 58.07 58.05 0.02 58.06 0.01
85 8.75 58.03 58.10 | —0.07 58.11 | —0.08
S6 9.88 58.29 58.28 0.01 58.81 | —0.02

8) R. OTA and M. KATADA, Geological map and explanatory text “Suzaka”, Geological

Survey of Japan (1955).

(to be continued)

+
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Table 6. (Continued)

(2) The Asama permanent net

Sho. 4 ‘ iy T T—T* \ T T—T*
5 98.63km|  G1.95%¢|  61.37%¢|  0.58e ‘ 61.66%c  0.29%
4 98.93 61.69 61.42 0.27 61.72 —0.03
6 30.43 62.34 61.68 0.66 61.98 0.36

19 30.83 ‘ 62.20 61.73 0.47 62.06 0.14
7 31.08 61.97 61.77 | 0.20 62.10 | —0.13
2 32.15 62.46 61.95 0.51 62.29 0.17

32.88 ‘ 62.47 | 62.07 0.40 62.42 0.05
33.45 62.35 62.16 0.19 62.72 —0.35
1 34.55 62.98 62.34 0.64 62.72 0.26
12 35.78 | 63.17  62.54 0.63 62.94 | 0.23

(3) The Minami-Karuizawa net

o o ‘ T T+ T—T* T ‘ 71T
M.K.1 |  42.08%m|  64.10% |  63.58wc|  0.52%c | 64.07%¢|  0.03%
M.K. 3 43.03 ‘ 64.18 |  63.74 0.44 6424  —0.06
M.K. 2 43.25 64.29 63.77 0.52 64.27 0.02
M. K. 4 44.18 64.44 63.92 0.52 6444 | 0.00
M.K. 5

\ 44 .45 | 64.49 63.97 0.52 64.49 0.00

and 1969 Matsushiro blasts. It will not be unreasonable to define the
anomalies of the arrival times of the Asama volcano with the deviations
from the travel curve of 6.1km/sec, which will be given later as in
the case of the Matsushiro blasts.

In order to compare the anomalies of the Asama arrival times given
in various seismic observa-
tions, the above anomalies are
also represented in Table 6 as
the second anomalies of Asama.

(2)  The travel time curve
along the second group of the
nets.

In the second group of
the nets, the Ookuwa one is
located at the north-eastern
foot of Volecano Asama and
the observation points of the

g localities of the observation
net are at distances from 30 km points belonging to the Ookuwa net.
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to 40 km from the Matsushiro epicentral area and at altitudes from 860 m
to 960 m. Naturally, the volcanic ejecta from Asama at these stations
of the Ookuwa net are estimated to be quite thin and, therefore, the
arrival times on the net will not seriously be affected by the accumulation
of the recent Asama ejecta, notwithstanding the fact that the net is
located quite near the volecano.
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Fig. 15, The seismograms of the 00h 04m, October 1, 1966 Matsushiro earth-
quake observed at the Sugadaira, Asama and Ookuwa net-works, re-
corded with the oscillographs.
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Ag an example, the arrival times and the epicentral distances of the
second group of the nets are shown in Table 7 for one of the Matsushiro
earthquakes on October 1, 1966, the relation between the arrival times
and the epicentral distances being illustrated in Fig. 17. At a glance
of Tig. 17, it will be remarked that the arrival times on the volcano
are essentially different from those on the Ookuwa net, though the
epicentral distances of the two nets are almost the same.
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Fig. 16. The seismograms of the 22h 29m, October 1, 1966 Matsushiro earth-
quake observed by the Sugadaira, Asama and Ookuwa net-works, re-
corded with the oscillographs.
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Table 7. The arrival times, their anomalies and the epicentral
distances of the Matsushiro earthquake at 00h 04m, October
1, 1966 (Hypocentral depth=3.8km).

4; epicentral distance,
T; arrival time,
T*; arrival time expected from the travel time curve
given from Sugadaira-Ookuwa nets,
T—T*; anomaly of arrival time.

(1) The Sugadaira net

SI\?S' 4 T T* T-T1*
S1 8.83km 29 .51sec 29.49s¢ 0.02see
S4 10.45 29.74 29.76 —0.02
S6 11.95 29.96 30.01 —0.05

(2) The Asama permanent net

%\};;1.. 4 T T* T—T%
5 30.50%= 33.51sec 33.09sec 0.42sec
4 30.88 33.25 33.15 0.10
6 32.33 33.93 33.39 0.54
3 35.84 34.44 33.89 0.55

11 36.35 34.48 34.06 0.42
12 37.57 34.75 34.26 0.49

(3) The Ookuwa net

%}g 4 T T T T
0.X. 1 29.73km 33.05%¢ 32.965¢ 0.09se
0.X. 2 31.28 33.26 33.22 0.04
0.K. 3 32.68 33.44 33.45 —0.01
0.K. 4 34.02 33.67 33.67 0.00
0.K. 5 38.80 34.40 34.47 —0.07

From the results of the observations at the Sugadaira and the
Ookuwa nets, the travel time curve is given in Fig. 17.

The second anomalies of the arrival times on the volcano are de-
fined by the deviations from the above travel-time curve and listed in
Table 7 for a comparison of those given from other nets.
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Fig. 17. The travel time curve of the 00h 04m, October 1, 1966 Matsushiro
earthquake. The velocity of the P wave is given with the Sugadaira
and Ookuwa nets.

Solid eircle; arrival times at the Sugadaira and Ookuwa nets,
Open circle; arrival times at the Asama net.

(8) The travel time curve along the third group of the nets.

In the third group of the nets, the Oodo net was set at the most
distant place from the volecano and the observation points of the net

e 1
[ &

Fig. 18. The localities of the observation
points belonging to the Oodo net.

were established along the Agatuma river. The two observation points
at the east side in the net were located on the western foot of Vol-
cano Haruna. The geological formation of the area consists of hard
rocks independent of the Asama formation.

Table 8 shows the arrival times and the epicentral distances at
each station belonging to the third group of the nets for two of the
Matsushiro earthquakes on October 8, 1966. As can be seen in Figs. 20
and 21 which illustrate the epicentral distances and the arrival times
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T e T

U ;

Fig. 19. The seismograms of the 23h 08m, October 8, 1966 Matsushiro earth-
quake observed by the Sugadaira, Asama and Oodo net-works, recorded

with the oscillographs.

of the above earthquakes, the arrival times on Asama do not harmonize
with the travel time curve given on the basis of the observations with
the Sugadaira and Oodo nets as well as with the second group of the

nets.




Table 8(1).
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The arrival times, their anomalies, epicentral distances

and initial motions of the Matsushiro earthquake at 23h 08m,
October 8, 1966 (Hypocentral depth=5.8km).

4; epicentral distance,
T; arrival time,
T*; arrival time expected from the travel time curve
' given from Sugadaira-Ookuwa nets,
T-—T*; anomaly of arrival time.
(1) The Sugadaira net
Stn. Init.
No. 4 T T* r-1* mot.
S1 5.58km 18.49sec 18.44se¢ 0.05sec Up
S4 7.58 18.75 18.78 —0.03 Up
S6 9.00 18.96 19.02 —0.06 Up
(2) The Asama permanent net
Stn. Init.
No. 4 T T* -7+ mot.
4 27.20%m 22.22sec 22.02sec 0.205e¢ Down
5 27.33 22.50 22.04 0.46 Down
19 29.20 22.73 22.35 0.38 Down
6 29.27 22.89 22.37 0.52 Down
7 29.42 22.51 22.39 0.12 Down
2 30.77 23.01 22.61 0.40 Down
8 31.13 22.97 22.67 0.30 Down
3 32.20 23.26 22.85 0.41 Down
11 33.62 23.61 23.08 0.53 Down
12 34.57 23.85 23.24 0.61 Down
(8) The Oodo net
Stn. Init.
No. 4 T T* r-1* mot.
0.D. 1 41 .42k 24 .37sec 24 .37sec 0.00see Down
0.D. 2 43.10 24.67 24.65 0.02 Down
0.D. 38 46.30 25.19 25.18 0.01 Down
0.D. 4 47.97 25.37 25.45 —0.08 Down
0.D. 5 49.50 25.77 25.71 0.06 Down
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Table 8(2). The arrival times, their anomalies, and epicentral
distances of the Matsushiro earthquake at 23h 59m, October
8, 1966 (Hypocentral depth=5.1%km).

4; epicentral distance,
T; arrival time,
T*; arrival time expected from the travel time curve
given from Sugadaira-Oodo nets,
T—T*; anomaly of arrival time.
(1) The Asama permanent net
o 4 T T* T—T*
4 26.42km 41.01sec 40.98se¢ 0.08sce
5 26.58 41.26 40.96 0.30
19 28.45 41.47 41.26 0.21
6 28.53 41.66 41.27 0.39
7 28.63 41.30 41.29 0.01
2 30.02 41.80 41.52 0.28
8 30.35 41.69 41.57 0.12
3 31.47 42.01 41.75 0.26
11 32.90 42.50 41.99 0.51
12 33.83 42.62 42.14 0.48
(2) The Oodo net
Stn. 4 T T 7T
0.D. 1 40.90k= 43.30sec 43.29sec 0.01sec
0.D. 2 42.55 43.59 43.56 0.03
0.D. 3 46.30 44.10 44.17 —0.07
0.D. 4 47.42 44.82 44.35 —~0.03
0.D. 5 48.93 44.67 44.60 0.07
Sec. 1966. 10,8 23" ogm sec. 1966.10.8 23" 59™
25.0
T
23.0~
/
2.0~
]B'OF'
7% 5 %6 R 55 F 369 5 20 3% 7 so%n
- A - A

Fig. 20. The travel time curve of the 23h
08m, October 8, 1966 Matsushiro earth-

quake.

Solid circle; arrival times at the Suga-
daira and Oodo nets,
Open circle; arrival times at the Asama

net.

Fig. 21. The travel time curve of the
23h 59m, October '8, 1966 Matsushiro

earthquake.

The velocity is given by

the observation of the Oodo net only.
Solid circle; arrival times at the Oodo

net, .
Open circle;

Asama net.

arrival times at the
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(4)  The travel time curve along the fourth group of the nets

The fourth group of seismic nets, or the Hosina, Sugadaira and
Asama ones, is located within a narrow straight belt from the epicentral
area to Voleano Asama. As will be seen on the map of Fig. 22, the

Hosina net was placed ex-
tremely near the epicenters of
the Matsushiro earthquakes.
Therefore, the seismic ob-
servations with this group of
nets were not always made
for the above mentioned pur-
pose of the present investiga-
tion, but for a study of the
natures of the Matsushiro
earthquakes. At the beginning
of 1966, we had a lot of
questions about the mechanism
of occurrences of the Matsu-

Fig. 22,
points belonging to the Hosina net.

The localities of the observation

shiro earthquakes if the solidified lava had been intruded toward the
Matsushiro area as well as the 1943-45 seismic and voleanic activities
of Volcano Usu. Based on the above seismic observation, it was made
clear that the B type earthquake did not appear in the Matsushiro area
and, therefore, the natures of the Matsushiro earthquakes were very
different from the seismic and voleanic phenomena of Usu in 1943-1945.

Table 9. The arrival times, their anomalies and the epicentral dis-
tances of the Matsushirc earthquake at 21h 19m, June 6, 1966
(Hypocentral depth —4.5km).

4;  epicentral distance,

T: arrival time,

T*: arrival time expected from the travel time curve
given from Sugadaira net,
T—T%; anomaly of arrival time.

(1) ", The Sugadaira net

o | d r
si 8,30k 14.
s3 9.00 15.
s2 10.03 15
S4 10.10 15.¢
S5 10.38 15.5
S6 11.60 15.

T

14.9450¢

15.05
15.22
15.23
15.28
15.48

T—T*

0.04see
0.00
0.04
0.05
~0.06
—0.05

(to be continued)
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Table 9. (Continued)
(2) The Asama permanent net

Stn.

o 4 T T* T—T*
5 30.18km 19.06s° 18.52sec 0.54sec
4 30.50 18.80 18.58 0.22
6 31.80 - 19.52 18.79 0.73

19 32.38 19.51 18.89 0.62
7 32.65 19.10 18.93 0.17
2 33.70 19.59 19.10 0.49
8 34.43 19.58 19.22 0.36
3 35.00 19.84 19.31 0.53

11 36.15 20.08 19.50 0.58

12 37.30 20.35 19.69 0.66

(8) The Hosina net

Stn.

No. 4 T T* T-T%*

H2 2.88km 14.37sec — —

H4 3.58 14.36 — —

H3 3.90 14.40 — —

H1 4.08 14.42 — —

On the other hand, the travel time curves of the P arrival times
along the above three nets were investigated for the present main
e. In order to compare the anomalies of the arrival times on

purpos

1966.6

6 2" tgm

(o]

0
&)
@Ay

Fig. 23. The travel time curve of the
June 6, 1966 Matsushiro

21h

19m,

earthquake.

Solid circle;

Open circle;

arrival times at the

Hosina and Sugadaira nets,

Asama

net.

arrival times at the

Asama with the results given from
the observations in the other
groups of the nets, the travel
time curve observed with the
Hosina-Sugadaira-Asama nets is
illustrated in Fig. 23 for the
Matsushiro earthquake at 21h
19m, June 6, 1966. The travel
time curve in Fig. 23, is drawn by
a line passing through the arrival
times at the Sugadaira net, in-
dicating a velocity of 6.1 km/sec.

The anomalous values of the
arrival times on Asama, which
are obtained by the above pro-
cedure, harmonize well with those




Seismometrical Studies of Voleano Asama (2) 459

given by the observations with the other groups of nets.

5. The relative anomalies of the arrival times on Asama

As described above, it was made clear from seismic observations

—— Sgec.—|

—20sec. - Mo —10g8c—1 i

U i W .' i ‘
5r - .fi T —1 |

i ﬂ [IH "

194 ;i'(&?@w il
Fig. 24. The seismograms of the Olh 56m, January 22, 1966 Matsushlro
earthquake observed Stn. Nos. 12, 3, 6 2, 5 and 19 of the Asama

permanent net recorded with the seven channelled tape recorder.

L

e e

TV, 2t

Fig. 25. The seismograms of the 12h 07m, January 23, 1966 Matsushiro
earthquake observed at Stn. Nos. 12, 3 6;:2, b and 19 of the Asama

permanent net, recorded with the seven- channelled tape recorder.
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with the Sugadaira, Ookuwa and Oodo nets that the P wave or the
initial wave of the Matsushiro earthquakes propagated along the 6.1
km/sec layer just before its arrival underneath the volcano. However,
it must be added that only ten or so Matsushiro earthquakes were
observed with the Ookuwa, Oodo or Minami-Karuizawa nets together

Table 10(a). The dates, times and hypocentral depths of the
Matsushiro earthquakes which the report deals with. (A group)

Eqgk. : Hypocentral
No. Date Time depth
1965 h om km
1 Nov. 7 01 41 5.3
1966
2 Apr. 19 20 10 4.6
3 Apr. 3 23 48 4.6
4 Apr. 4 02 24 6.7
5 Apr. 4 22 11 4.0
6 Apr. 5 23 52 4.4
7 May 13 18 00 1.3
8 June 6 21 19 4.5
9 June 6 21 29 4.6
10 June 17 21 16 4.9
11 Aug. 2 23 17 6.2
12 Aug. 5 22 29 3.9
13 ) Aug. 5 22 40 2.5
Table 10(b). (B greoup)
Eqk. . Hypocentral
No. Date Time depth
1966 _ km
14 Jan. 20 23 59 5.6
15 Jan. 22 01 56 4.0
16 Jan. 22 12 42 3.3
17 Jan. 23 12 07 4.1
18 Mar. 20 23 56 5.2
19 Mar. 22 08 00 5.9
20 Mar. 25 22 36 6.3
21 May 26 16 12 4.5
22 May 26 16 25 3.8
23 May 28 02 33 4.8
24 July 10 02 40 6.0
25 July 12 14 09 2.1

with the Asama and Sugadaira ones. Since the above observations were
insufficient to study precisely the arrival times on various parts of the
voleano, a series of the Matsushiro earthquakes were studied not only
with the Asama permanent net, but also with the temporary seismic
stations on Asama.

As soon as the Matsushiro earthquakes began to take place on
August 3, 1965, the writers made a plan to study the natures of their
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earthquake motions which passed inside and underneath Volecano Asama.
Especially, they paid attention to the initial motions and arrival times
observed at a series of seismic stations on the volcano. For that purpose,
a great number of the Matsushiro earthquakes were observed with the
seven-channelled tape-recorder and the twelve-element oscillograph.

In Tables 11 and 12, the arrival times and epicentral distances at
each station on the volecano are shown in the form of the differences
from those of Stn. 4, Gippa-yama, for the A group of the earthquakes,
and from those of Stn. 5, Oniosidasi W., for the B group of earthquakes.

Since the anomalies of the arrival times at Gippa-yama and Oniosidasi
W. were made clear on the basis of the 6.1km/sec travel-time curve
given with the other nets, the relative anomalies of the arrival times
in Tables 11 (A) and (B) were corrected to those referred to the above

Table 11(a). Anomalies of the arrival times on Volecano Asama
for the Matsushiro earthquakes (A group).

Tn_sztny An_A‘!:aAn ’
tn—BA/G.l(km/sec) :6tn ]

where T,; arrival times at Stn. # on Asama,
' T,; arrival times at Stn. 4, Gippa-yama,
4,; epicentral distance at Stn. » on Asama,
4d,; epicentral distance at Stn. 4, Gippa-yama,
t,; anomaly of the arrival time at Stn. =,
04d,; difference between epicentral ‘distances at Stn. 4

and Stn. n.

Eqgk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn.
No. 4 5 2 7 6 9 19 1 12 17 8 3 11
sec sec sec sec sec sec sec sec sec sec sec sec sec

1 |0.00|—0.03 — — 0.29 — 0.31 — — — 0.63 | 0.77 —

2 0.00 |—0.04] 0.54 — 0.28| — — — — — 0.63 e 0.98

3 10.00 |—0.01; 0.56 | — |0.31| — — — — — | 0.63| — 10.70

4 10.00 —0.09 0.50 | — [0.22| — —_ — — — — — 10.81

5 (0.00] 0.033059| — ]0.36| — — — — — 1063 — |1.10

6 |0.00|—0.03 0.54 — |0.28| — — — — — 1063 — ]0.98

7 10.00{—0.03 0.556| — [0.29| — |0.82| — |1.17| — |0.63|0.77 | 0.99

8 [(0.00 (—0.050.5210.3|0.21| — (0.3t — [1.11| — |0.64 | 0.74|0.93

9 10.00| 0.0000.570.835|/0.29| — [0.33] — [1.18] — |0.65]0.79| 1.01
10 | 0.00 {—0.05/ 0.53 | 0.85 | 0.25 | — — — (1.12] — 10.65|0.74|0.92
11 | 0.00 {—0.14/ 0.44 | 0.81 1 0.15| 0.67 { 0.25 {1 0.85 1 1.01 | 0.63 | — — —
12 | 0.00 |—0.08 — - — 10.7210.29|0.39 (1.10 | 0.61 | 0.62 | 0.72 { 0.90
13 |0.00 [—0.11] — — — 10.70|0.27(0.38[1.06| 0.58|0.62|0.69} 0.85
Mean | 0.00 |—0.05/ 0.54 | 0.34 | 0.27 | 0.70 | 0.30 | 0.38 | 1.11 | 0.57 | 0.63 | 0.75 | 0.95
+ %"— 0.00 | 0.04/ 0.03 | 0.03 {0.05{ 0.01 [ 0.02 | 0.01 {0.04 | 0.02 | 0.01 | 0.02 | 0.10
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6.1 km/sec travel time curve. The result is illustrated in Fig. 26.

For the present study of the structure of Volcana Asama, the
writers dealt with the initial waves of the Matsushiro earthquakes and
the blasts at the Matsushiro area and on Asama. Therefore, it will be
necessary to mention with respect to the initial motions of the Matsu-
shiro earthquakes which were applied to the present investigation.

According to the geographical distribution of the initial motions of
the Matsushiro earthquakes studied by T. Hagiwara®, K. Hamada and
others, one of the nodal lines of the Matsushiro earthquakes passed in
most cases toward the south-east direction of the respective epicenters
at the Matsushiro area. Therefore, the nodal line sometimes passed in
the midst of the Asama net and in other cases at the northern and
southern sides of the nets according to the geographical positions of

Table 11(b). Anomalies of the arrival times on Voleano Asama
for the Matsushiro earthquakes (B group).
Tn_T():tn y An_dﬁzadn ’
Tn~54"/6-1(km/sec) =6tn y

T.; arrival times at Stn. » on Asama,
T,; arrival time at Stn. 5, Oniosidasi W,
4,
4

-

; epicentral distance at Stn. n on Asama,
; epicentral distance at Stn. 5, Oniosidasi W,
ot,; anomaly of arrival times at Stn. =,
d4,; difference between epicentral distances at Stn. n

and Stn. 5.

Eqk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn.
No. 4 5 2 7 6 9 19 1 12 17 8 3 11
8ec sec sec sec sec sec sec sec sec sec

14 — |0.00{059 — (03| — [0.37| — |1.18| — — (0.8 —
15 — |0.00/058 — (031 — {037 — |1.19| — — 10.80 | —
16 — 1000057 — (033} — [0.33| — |1.20] — — 10.80 | —
17 — |0.00[057| — [0.33] — |0.33| — |1.20]| — — 10.8 | —
18 — |10.00|0.5680.34(0.32| — — — — — (065 — |1.03
19 — |0.000.57 10.34]0.32| — — — — — ]0.64| — [1.04
20 — |0.00]0.580.390.31| — — — — — 069 — |1.00
21 — |0.00]0.570.33/0.33| — |0.34| — — — — — 1 1.05
22 — 10.00]0.55{0.26{0.33}| — 10.30| — — — — — | 1.08
23 — 10.00|0.580.39| — — 10.36 ] — — — — — | 1.00
24 — 10.00]0.590.40 (031 — |0.37| — — — 10.70 | — —
25 — 10.00/0.59|0.40|0.31| — |0.37| — — — 10.70 | — —
Mean| — (0.00(0.58,0.3610.32{ — {0.35}| — 11.19| — |0.68|0.801.03
+ n; — 10.00)0.01.}0.04{0.0L] — |0.02] — {0.00{0.02| — [0.00]|0.02

9) K. HAMADA and T. HAGIWARA, loc. eit., (7).
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Table 12(a). The differences (¢,) of the arrival times (7,) at the
stations on Asama to those (7)) at Stn. Gippa-yama for the
Matsushiro quakes listed in Table 10(a).

tn = Tn_ T4
Eqgk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn.
No. 4 5 2 7 6 9 19 1 12 17 8 3 11
sec sec sec sec sec gee sec sec sec sec sec sec sec
1 [0.00]0.31| — — 073! — |0.64| — — — 10.75]1.22| —
2 10.000.28|/0.87| — |0.75| — — — — — [0.76 | — |1.47
3 10.00/0.25]/0.84| — |0.75 — — — — — 0.8 | — 1.46
4 10.000.21{0.73, — |0.63| — — — —_ — — — | 1.14
5 /10.00{0.81.0.70| — |0.69 — — — — — 10.72 — | 1.43
6 |0.000.18/0.67] — |0.60 — — — — — 10.87| — {1.19
7 100003708 — {075 — |053| — [1.69| — [0.79]1.18|1.46
8 10.000.260.80(0.30|{0.72| — |0.72| — |1.56| — |0.78]1.02|1.28
9 |10.000.27/0.990.3310.72| — |0.70| — |1.69| — |0.80|1.04]|1.50
10 {0.00 | 0.26 | 0.77 | 0.28 | 0.65 | — — — 11.48] — [0.78]1.16 | 1.29
11 {0.00 10.26 |0.75{0.32|0.65|0.80{0.50|0.61 {1.40 }1.11| — — —
12 |0.00]0.29| — — — | 1.09]0.47 |1 0.72 | 1.52  1.17{ 0.55 | 1.09 | 1.16
13 | 0.000.29, — — — |1.056|0.51|0.651.55}1.10!0.74 | 1.05| 1.26
Mean | 0.00 | 0.27 | 0.77 | 0.81 | 0.69 | 0.98 | 0.65 | 0.66 | 1.56 | 1.13{ 0.76 | 1.11 | 1.33

Table 12(b). The differences (t,) of the arrival times (T,) at the
stations on Asama to those (T,) at Stn. Oniosidasi W. for the
Matsushiro quakes listed in Table 10(b).

tn: Tn"" T5
Egk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn.
No. 4 5 2 7 6 9 19 1 12 17 8 3 11
sec sec sec sec sec sec sec sec sec sec sec sec sec
14 — |0.00/0.50| — [0.43| — |0.16| — |1.26 | — — 10.76 | —
15 — 1000|051 — [0.38| — |0.18| — (1.20| — — 10.82| —
16 — (000052 — |0.44 — ]0.23] — [1.839| — — (0.8 | —
17 — [0.00 054 — |0.46| — 022 — [1.34| — — 10.84| —
18 — 10.00|0.55|0.08!0.421 — — — — — 1052 — |1.10
19 — 10.00 | 0.58(0.14 |0.41| — — — — — 10.62| — |1.08
20 — 10.00|0.50 {0.08|0.41] — — — — — (045 — |1.00
21 — 10.000.500.02|0.40| — |0.16| — — — — — |1.08
22 — 10.000.48(0.08:0.49| — |0.19| — — — — — {1.19
23 — 10.00|0.48|0.11| — — 10.24| — — — — — 10.95
24 — [0.000.44|0.01|0.37| — |0.18] — — — | 0.43| — —
25 — 10.00|0.51]|0.200.39| — |0.31| — — — 1046 | — —
Mean| — [0.00]0.51|0.09 042! — 10.21| — {1.29| — |0.50 | 0.82|1.07
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Table 13(a). The differences (64,) of the epicentral distances
(4,) at the stations on Asama to those (4,) at Stn. Gippa-yama
for the Matsushiro quakes listed in Table 10, (a).

od,=4,—4,

Eqk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn
No. 4 5 2 7 6 9 19 1 12 17 8 3 11
km km km km km km km km km km km km km

1 |0.00|—-0.21] — — | 174} — |1.92| — — — | 3.844.70 | —

2 |0.00 (—0.22 3.30 | — |[1.72| — — — — — 3.8 | — |[5.99

3 10.00 |—-0.06 8.43| — |1.91| — — — - — 3.8 | — |6.27

4 |0.00 (—0.52 8.05 | — [1.36| — — — — — — — 14.94

5 |0.00 0.20 3.62| — |[2.21| — — — — — 13.8| — [6.69
6 |0.00(—-0.21 8.32| — |1.73| — — — — — 3.8 — 5.9

7 10.00(—0.19 8.383| — |1.7%6| — (1.94| — |7.13| — |3.84[4.72|6.04

8 10.00|-0.323.20 (2.15|1.30 | — [1.88| — |6.80| — |3.93|4.50|5.65

9 10.00| 0.00/ 3.47 |2.1211.77} — [2.02| — |7.20| — |3.97[4.8|6.17
10 | 0.00 |—0.30/ 3.22 | 2.15 | 1.50 | — — — | 6.85| — |3.95|4.52|5.62
11 | 0.00{—0.872.71 1 1.92 [ 0.92 | 4.10 | 1.52 | 2.16 | 6.14 | 3.25 | — — —
12 | 0.00 {—0.51 — . — [ 4.3711.75 | 2.41 | 6.71 | 3.71 | 3.79 | 4.39 | 5.50
13 | 0.00 |—0.65| — — — | 4.27)1.66 | 2.32 | 6.50 | 3.53 | 3.76 4.23‘ 5.21
Mean | 0.00 |—0.30, 3.27 | 2.09 | 1.63 | 4.25 | 1.81 | 2.29 | 6.76 | 3.49 | 3.86 | 4.56 | 5.82

Table 13(b). The differences (54,) of the epicentral distances
(4,) at the stations on Asama to those (4;) at Stn. Oniosidasi
W. for the Matsushiro quakes listed in Table 10(b).

od,=4,—4,
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respective epicenters.
In Tables 14 (a)
and (b), the directions
of the initial motions
at a series of seismic
gtations on Asama
were listed up for the
Matsushiro earth-
quakes which were
used for the present
study. It will be
somewhat needless to
affirm that the travel
times and the anoma-
lous distribution of
the arrival times on
the volcano ete., as
already mentioned,
were independent of
the sense of the initial
motions of the Matsu-
shiro earthquakes.

Table 14(a).

t-te

Sec.

0.5—

0.0 L

465

Numerals; Stn. Nos.,
t=arrival times on Asama,

Fig. 26. The delays of the P arrival times at the stations
on Asama as compared with the travel time curve of
6.1km/sec, for the Matsushiro earthquakes.

t.=arrival times along the Sugadaira-Ookuwa and

Oodo nets.

D; Downward motion,

The initial motions on Asama of the Matsushiro
earthquakes which are listed in Table 10(a).

U; Upward motion.

Eqgk. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn. | Stn.
No 4 6 2 7 6 9 19 1 12 17 8 3 11
i1/ np|p|{—-|—-|DpD|—=|D|—|—|—=|D|D|=
2/ p|/p/  p|—-—|D|—|—-|—|—=]—|D|—=1|D
3|!p|/p;,p|-{D|—|—-—|—-—|—]|—-|D|—|D
4|/D|D D|— | D|—|—|—|—|—|=|—1|D
5|p|/p|/DP|—- D|—|—|—|—|—|D|—1|D
¢/ p|/p p|—|D|—-—|=|=|=]—|D| =D
7 D D D ? U — D — D — U U D
8 D D D ? U — U — D — U D D
9 D D D U U — U — D — D U D
10 D D D D D — ? — D D D D D
n|(D|D|D|U|{D|D|D|D|D|D|=|=]=
12 U U — — — U U U U U U U U
13 U U — — — U U U U U U U U
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Table 14(b). The initial motions on Asama for the Matsushlro .
earthquakes which are listed in Table 10(b).
D; Downward motion,
U; Upward motion.
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6. The anomalous distributions on Volcano Asama in the
arrival times of the seismic waves by the blasts and
the Matsushiro earthquakes

On the basis of seismometrical observations, the writers made clear
the two kinds of anomalies of arrival times of the seismic P wave on
Volecano Asama, of which the one, the first anomaly, was based on
seismometrical experiments of the 1967 and 1969 blasts at Togura near
the Matsushiro epicentral area, and the other second anomaly, based on
the seismometrical obsgervations of the 1955 and 1966 Matsushiro earth-
quakes by means of the same net-works on and around the voleano.

As mentioned already, the former anomalies on Asama by the two
blasts are defined by the deviations from the travel time curve obtained
from the observations by the Sugadaira and Minami-Karuizawa net-works..
The anomalous values at the observation points of the Asama and
Takamine nets are illustrated on the topographical map of Fig. 27. At
a glance of the map, it will be clear that the anomalies of the arrival
times on the volecano are outstandingly remarkable, moreover, they
distribute systematically and concentrate on the east and north-east.
flanks of the voleano.

In order to find the origins of the above anomalies on Asama, the
writers examined the relation with the altitudes of the obgervation
points for the reason that they distribute from about 900 m to 2350 m
above sea-level, as can be seen in Figs. 38 and 39, and Tables 4~9.
It must be remarked that the arrival times at each observation point
on the Sugadaira and Minami-Karuizawa nets are almost exactly on the:
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travel time curve of 5.20 km/sec and therefore, the anomalies on these
points are extremely small except for 2 to 3 points on the Minami-
Karuizawa nets. It will be necessary to add also that the altitudes of
the observation points adhering to the above Sugadaira and Minami-
Karuizawa nets are in the ranges from 1265 m to 1300 m for the former
net and from 920 m to 960 m for the latter. Therefore, the Sugadaira
net was located at about 300m higher than the latter, though the
heights of the observation points belonging to the same net are quite
similar respectively.

¥ > P
20 1 o g AR Sy b e T

g g AL ‘
Fig. 27. Anomalous distribution of the arrival times or the delayed times
of the P waves on Volecano Asama, given from the seismometrical ob-

servations of the Matsushiro (Togura) blasts.

On the other hand, the Takamine net was located on an altitude
from 1730 m to 2300 m, but the observation points, on which the 1969
Matsushiro blasts were recorded, were in the range from 1730m to
2040 m in their height above sea-level. Therefore, it can be said that
the Takamine-net was situated at the highest place among the other
nets.

As can be clearly seen in Fig. 27, the deviations of the arrival
times from the 5.20 km/sec travel time curve on the Takamine net-work
for the 1969 Matsushiro blasts were in the range from 0.13 to 0.39 sec,
showing a markedly smaller value than those on Asama. Judging from
the altitudes of the Takamine observation points, it will be reasonable
to assume that the arrival times at the above points are on the 5.2
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km/sec travel time curve if the correction for the altitudes will be made
for the Takamine net which was located at 650 m higher in average
than the Sugadaira one, and 1000 m higher than the Minami-Karuizawa
one respectively.

Therefore, it will not be unreasonable to infer that the P wave
from the shot point A IV at the Togura blasts propagated with a velocity
of 5.2 km/sec to the Takamine net, located at the west side of Asama

Q

Fig. 28. Anomalous distribution of the arrival times or the delayed times
of the P waves on Asama given from the seismometrical observations
of a series of the 1966 Matsushiro earthquakes.
or at a nearer place to the short point than to the Asama one, as will
be seen in Fig. 1. Therefore, it will also be reasonable to suppose that
the anomalies of the Asama observation points defined by the deviations
from the 5.20 km/sec travel time curve are originating from the surface,
the inside and the root of Voleano Asama.
As already described, delays of arrival times of the P wave on
Asama were investigated on the basis of seismic observations of a series
of the 1965-1966 Matsushiro earthquakes, the delayed times of the arrival
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times on Asama being defined by deviations from the 6.10 km/sec travel
time curve given by seismic observations with the Sugadaira, Ookuwa
and Oodo net-works.

Although the values of the delayed time on Asama in Fig. 28 are
less than those given by the 1967 and 1969 blasts, the pattern of
geographical distribution of the delay of arrival times is almost similar
to each other.

From the relationships between the delayed times and altitude of
observation points, it can be said that their main origins are not derived
from the differences in altitude but from the root of the volcano which
shows the different or the lower velocity distribution as compared with
that of the surrounding region. The problem will be discussed again
later in this paper.

7. The seismometrical experiments by blasts on the
eastern and western flanks of Volcano Asama

In order to make clear the structure of the volcano, the writers
carried out a series of seismometrical experiments by small blasts on the
eastern middle flank near Stn.
Sannotorii and on the western flank
of Kurohu-yama, the oldest forma-
tion of Asama.

Of the above two places, the
former place consists of a series of
layers of pumice, ash, gravel and
other fine ejecta, of which the pro-
pagating velocities of the seismic
wave were expected to be markedly
low. On the contrary, the latter Fig. 29. The localities of the seismo-
place consists of a series of lava metrical experiments of the blasts
flows originating from Kurohu-yama on the eastern and western sides of
in which the propagating velocities Asama.
of the seismic wave were expected to be highest on the surface part
of the volcano. For the above reasons, the writers chose the above
extreme places as the first step of the investigation.

(1) The seismometrical experiments on the middle eastern flank of
Asama on May 28, 1969

Based on experiments of the effects of the powder in the blast on
the same place as made in December 1967, the observation line and the
situation of the transducers were established near Stn. Sannotorii as
shown on the map of Figs. 30 and 33 and in Table 15.
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eastern middle flank of the voleano.

ig. 31. The seismograms of the Asama blast on May 28, 1969, at the

For the purpose of the
experiments, 2 kg of powder
wag used for each blast and
the travel time curves were
obtained as illustrated in
Fig. 33. According to the
analysis of these travel time
curveg, the propagating
velocity of the P wave was
in a range from 350 m/sec
tc 500 m/sec, the thick-
ness of the surface layers
being abcout 30 m at the west
side of the observation line
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ig. 32. The seismograms of the Asama blast on May 28, 1969, at the
eastern middle flank of the volcano.

&}

and nearly 20 m at the other cide, though the earth’s surface on the
observation line is covered by a thin layer of about 1-2 m with 260 m/sec
as its propagating velocity.

From the same travel time curves, it was made clear that the
second layer has a velocity of 1.9 km/sec and contacts with the surface
one, making a consgpicucus boundary as seen clearly in Fig. 33. It will
be certain that the second layer will correspond to Hotokeiwa lavas, the
old formation of Asama voleano, which is covered by ejecta originating
from Maekake-yama and the present central cone, according to geclogical
investigations by 8. Aramaki”. However, it was impossible to find the

third layer under the second one cn account of the short observation
line.

10) 8. AraMaKI, Jour. Fae. Sci. Univ. Tokyo, Sec. II, 14 (1963) 229-443.
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Fig. 33. The travel time curves
of the seismic waves originat-
1000 mrse ing from the blasts on the
. 1890 mrsee eastern flank near Sannotorii.
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Table 15. The May 28, 1969 blast on the eastern middle flank,
near Sannotorii (A), of Volecano Asama.

4: horizontal distance,
t: arrival time,
S.P.: shot point.

Table 15(a)-1.

Direction of the

observation line Slope angle
(counterclockwise)

Pick Nos. 1-20 Pick Nos. 1-11 Pick Nos. 11-20
85° 50/-265°50" —14°30/ —16°10/

Table 15(a)-2, Charge (set 1 m under ground)

Shot Shot Shot
No. I(A) No. II(A) No. III(A)

2kg 2kg 2kg
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Table 15(b).
Pick No. I(A) No. II(A) No. III(A)
No.| 4 t 4 ¢ 4 t
S.P. 0.0 0.0x10-2sec | S.P. 0.0m 0.0x10-2sec
1 [200.0m 25.4x10-2sec 10.0 3.6 30.0 7.4
2 1190.0 23.7 20.0 5.7 40.0 9.1
3 | 180.0 23.1 30.0 7.3 50.0 11.0
4 [170.0 22.2 40.0 9.3 60.0 13.1
5 |160.0 22.2 50.0 11.4 70.0 15.1
6 | 150.0 22.0 60.0 13.9 80.0 17.5
7 | 140.0 21.4 70.0 16.0 90.0 18.9
8 |130.0 20.2 80.0 17.9 100.0  19.9
9 |120.0 19.1 90.0 18.9 110.0  20.5
10 | 110.0 18.4 100.0 19.5 120.0 20.7
11 | 100.0 17.7 110.0 19.9 130.0 21.4
12 90.0 17.4 120.0 20.2 140.0 21.9
13 80.0 16.7 130.0 20.9 150.0 22.4
14 70.0 16.4 140.0 21.2 160.0 22.6
15 60.0 15.6 150.0 21.9 170.0 23.2
16 50.0 15.4 160.0 22.9 180.0 23.8
17 40.0 12.8 170.0 23.1 190.0 24.6
18 30.0 10.1 180.0 24.7 200.0 26.1
19 20.0 7.0 190.0 25.2 210.0 26.4
20 10.0 4.1 200.0 25.3 220.0 27.1
S.P. 0.0 0.0

J

77,

KUROHU-YAMA
\//

|

|
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[

Fig. 34. The localities of the observation points for the seismometrical experiments
of the blasts on Kurohu-yama on the western side of Asama.
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(2)  The seismometrical experiments on the Kurohu-yama on June
9 and 10, 1969

In order to investigate the velocity distribution of the Kurohu-yama
formation, seismometrical experiments by blasts were carried out on
Kurghu-yama, the oldest formation of Asama, on June 9 and 10, 1969.

The localities of the observation line and a seriegs of transducers
are shown on the map of Fig. 34, and for the purpose, 10kg of
powder was uged in each blagt.

In Table 16, the arrival times, distances from the shot points and
other necessary elements are listed, and in Fig. 37 the travel time
curves are illustrated.

After the analyses of these travel time curves, the following
formation wasg given with respect to the velocity distribution of the

Locality P Velocity | Thickness
Surface 480600 m/sec 5 8m
1st layer 900 m/sec 10-156m
2nd layer 2500-2800 m/sec
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Fig. 35. The seismograms of the Asama blast on June 10, 1969, on Kurohu-
vama, old Asama formation.




Seismometrical Studies of Volcano Asama (2) 475

S.M, e LM

: Y WAVI Y i g
e S
! T ; i
o
T — A P

il

LR |
T
R LU e L

Fig. 36. The seismograms of the Asama blast on June 10, 1969, on Kurohu-
vama, old Asama formation.

Table 16. The June 1969 blasts at Kurohu-yama (B).

d; epicentral distance,
h; difference between the altitudes of the shot point and
respective transducers,
t; arrival time,
H; altitude of the shot point (above the sgea level),
S. P.; shot point.

Table 16(a). Charge (set 1 m under ground)

Shot | Shot s;ot Shot
No. 1I(B) No. II(B) No. III(B) | No. 1V(B)

10kg _ 10 kg 10 kg i 10 kg
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Table 16(b)-1. Shot No. I, blast at 18h 25m, June 9 (H=2273.1m).

Pick
S.P. Om 0.0m 0.0x10-2sec
1 824 —178.6 47.2
2 774 —164.0 45.5
3 730 —150.5 44.8
4 680 —144.2 42.4
5 632 —136.7 40.9
6 581 —129.2 39.3
7 533 —120.0 37.0
8 485 —108.4 35.9
9 436 — 96.7 33.4
10 390 — 81.0 30.5
11 343 — 64.9 26.9
12 299 — 54.8 25.6
13 244 — 49.3 24.6
14 195 . — 45.8 22.3
15 145 — 35.9 18.5
16 97 — 24.6 15.8
17 49 — 10.8 10.4
18 380 —163.6 37.9
19 684 —285.5 40.6
20 826 —241.8 45.1
Table 16(b)-2. Shot No. II, blast at 19h 40m, June 9 (H=2075.5m).
Pick
No. 4 h t
S.P. Om 0.0m 0.0x10-2sec
1 46 + 19.5 10.3
2 100 + 3.1 15.9
3 142 + 47.6 20.2
4 190 + 53.9 22.5
5 239 4+ 61.4 25.0
6 283 + 68.9 27.4
7 338 + 78.1 30.0
8 386 + 89.7 31.9
9 434 +101.4 34.8
10 480 +117.1 —
11 527 +133.2 34.9?
12 573 +143.3 36.4
13 628 +148.8 —
14 677 +153.3 41.6
15 726 +162.2 42.9
16 774 +173.5 43.8
17 821 +187.3 46.7?
18 1233 + 34.5 —
19 1540 — 87.4 65.5
20 1691 — 43.7 66.3
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"Table 16(b)-3. Shot No. III, blast at 17h 30m, June 10 (H=2007.2 m).
Pick 1
No. 4 l h t
S.P. 0m ’ 0.0m 0.0x10-2 sec
1 1623 + 87.3 69.1
2 1575 +101.9 —
3 1527 +115.4 65.4
4 1479 +121.7 63.8
5 1430 +129.2 62.9
6 1381 +136.7 —
7 1331 +145.9 60.5
8 1283 +157.5 59.0
9 1235 +169.2 —
10 1189 +184.4 57.8
11 1143 +201.0 —
12 1097 +211.1 53.1
13 1041 +216.6 —
14 992 +221.1 50.5
15 943 +230.0 49.3
16 896 +241.3 —
17 849 +255.1 —
18 488 +102.3 32.8
19 294 — 19.6 24.8
20 68 + 24.1 8.8
Table 16(b)-4. Shot No. IV, blast at 18h 80m, June 10 (H=2047.5 m).
Pick
N | 4 h t
S.P. Om 0.0m 0.0x10-2sec
1 1318 + 47.0 58.7
2 1271 + 61.6 57.4
3 1225 + 75.1 55.8
4 1176 + 81.4 54.3
5 1127 + 88.9 52.3
6 1080 i + 96.4 —
7 1033 | 1105.6 47.2
8 985 | +117.2 46.5
9 930 +128.9 —
10 i 890 +144.6 42.1
11 l 843 +160.7 39.1
12 801 +170.8 37.6
13 753 +176.3 40.0
14 704 +180.8 37.2
15 656 +189.7 34.6
16 1 607 +201.0 -
17 561 +214.8 -
18 134 + 62.0 11.8
19 177 — 59.9 14.0
20 457 — 16.2 31.6
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Table 17. The result of the June 9, 1969 blast experiment at

Kurohu-yama (B).

4";  distance from the shot point,
ot; travel time.
Obs. P. No. I(B) Obs. P No. II(B)
No 47 ot No. Y ot
m 102 sec m 10— 2 sec
14 0.0 0.0 3 0.0 0.0
13 49.5 2.3 4 49.2 2.3
12 103.0 3.3 5 9.5 4.8
11 149.0 4.6 6 148.2 7.2
10 198.3 8.2 7 197.5 9.8
9 247.1 11.1 8 247.4 11.7
8 296.9 13.6 9 297.8 14.6
7 346.5 14.7 10 395.2 14.7
6 396.9 17.0 11 441.4 16.2
5 445.4 18.6 12 545.2 21.4
4 495.2 20.1 14 595.0 22.7
3 544.8 22.5 15 643.5 23.6
2 593.9 23.2 16 693.9 26.5
1 643.6 24.9 17
A(m)=—0.709x 10~24-24555¢(sec)- - - No. I(B),
A(m)=—34.987 X 10~2+-27395t(sec)- - - No. II(B).
N seismic wave in the Kurohu-yama.
\"\/ew formation.
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Fig. 37. The travel time curves of the
blasts on the Kurohu-yama, old Asama
formation.
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given by the seismometrical ex-
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periments of the Matsushiro blasts, are in the range from 1.13 sec to
0.35 sec, notwithstanding the fact that those on the western gide
including the Takamine formation are only in a range from 0.39 sec to
0.13 sec.

Considering from the various points of view, it will be reasonable
to look for the causes or origins of the delays of arrival times of the
P wave on Asama in its deeper part and the root of the voleano.

8. Where should we look for the origins of the delays
of the arrival times on Volcano Asama ?

As described above, the anomalous distributions of the arrival times
on Voleano Asama were studied on the basis of the seismometrical
observations from various sides. In other words, the first and second
anomalies of the P arrival times on the volcano, the anomaly given from
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Fig. 88. The deviations of the arrival
times of the Matsushiro earthquakes
as compared with the 6.1km/sec travel
time curve and the altitudes of the
observation points of the four net-
works.

Solid cirele; Sugadaira, Ookuwa and
Oodo nets,
Open circle; Asama net.

Fig. 39. The deviations of the arrival
times of the Togura blasts as com-
pared with the 5.2km/sec travel time
curve, and the altitudes of the observa-
tion points of the four nets.

Solid circle; Sugadaira, Minami-
Karuizawa and Takamine nets,
Open circle; Asama net.

a comparison with the travel time of the upper crust of 5.2 km/sec, and
the other given from a comparison with that of the middle crust of
6.1 km/sec, respectively, indicate a remarkable delay of arrival time of
the P seismic wave on Asama, especially on the eastern gide of the
voleano. It will indeed be interesting and important problem to make
clear the sources of these anomalous distributions of arrival times on
Volcano Asama.

It is necessary to study the delays of arrival time on Asama in relation
with the altitudes of observation points. The geismic stations on which
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the present seismic observations of the Matsushiro earthquakes and
blasts were made, distribute on various altitudes above sea-level as shown
in Tables 4~5. Therefore, it will be necessary to investigate the
relationship between the arrival times and the heights of the observation
points.

For that purpose, the above relation is illustrated in Figs. 38 and 39
with respect to the Matsushiro earthquakes and the Togura blasts
separately.

Since the altitudes of the Asama net were situated at the highest
position for the observations of the Matsushiro earthquakes in which
the Sugadaira, Ookuwa, Oodo and Minami-Karuizawa nets besides the
Asama one were operated, it seems apparently that the above relation
or the large values of the delay times on Asama are closely related with
the altitudes of the observation points (Fig. 38).
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T R S sk Fig. 41. The anomalous distribu-
= 8 tion of the arrival times of the
Fig. 40. The anomalous distribution of the seismic P waves on Asama for
arrival times of the seismic P waves the Matsushiro earthquakes as
originating from the 1967 and 1969 Togura compared with the 6.1 km/sec
blasts at the Matsushiro area. travel time curve.
Solid circle; Sugadaira, Takamine and Solid circle; Sugadaira, Ookuwa,
Minami-Karuizawa nets, Oodo and Minami-Karuizawa
Open circle; Asama net. nets.

Open circle; Asama net.

However, the observations of the blasts were carried out not only
at the above three places, but also at the Takamine area which has a
higher altitude than the other places. In Fig. 39, the relationship
between the arrival times and the altitudes of the observation points is
illustrated in the form of delays of arrival times as compared with the
5.2 km/sec travel time curve. From the relation shown in Figs. 38 and
39, it will be clear that the great amount of delayed times on Asama
originate not from the altitudes of the stations, but from other sources,
inside and underneath Volcano Asama.

The values of the first anomaly of the P arrival time are represented
in Figs. 39 and 40 in connection with the epicentral distance of the
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respective observation points of the five net-works. From the illustration
in Figs. 40 and 41, it is clear that the delayed times or the positive
anomalies of the P arrival time on Asama are outstandingly larger than
those of the other four nets, and the relation to the altitude of each
observation point is not the essential factor for the anomalous distri-
bution of the P arrival time.

After all, it is reasonable to look for the origin of the anomalies of
the arrival time on Asama in the anomalous velocity distribution of the
inside of and beneath the voleano.

Judging from the fact that the first anomaly is not so different
from the other anomaly, it will be natural to expect that the main
origin of the anomaly lies near the upper crust of the 5.2 km/sec~6.1
km/sec layers.

The geographical distributions of the above two anomalies of the
arrival times on Asama shown in Fig. 27 and Fig. 28 indicate an almost
gimilar pattern in their forms of the iso-anomaly lines of arrival times
at each station on the voleano, though the values of the delayed times
at most of the stations are larger in the first anomaly than those in the
other.

The above phenomenon will be related with the differences in the
pass of the seismic waves and in the vibration period of the P wave or
the wave length of the P wave, for the reason that the period of the
P wave originated from the blasts is quite shorter than those of the
Matsushiro earthquakes.

The very characteristic differences between the first anomaly and
second one is, however, that the center of the second anomaly shifts
geographically to the east by 2-3km as compared with that of the
first one. This shift has a close relation to the depth and dimension
of the origin causing the delay of arrival times.

9. The seismic observations at Asama for the August-September
1969 Kamikooti earthquakes

The earthquakes began to occur in a form of swarm at the foot of
Voleano Yake-dake, Kamikooti, on August 31, 1969, and lasted for about
one month. The epicentral region is located at 80km west slightly
south of Volecano Asama. D. Shimozuru and M. Sawada'™ established
a temporary seismic net at Kamikooti for investigating the nature of
these earthquakes and their hypocentral positions. According to the
result of their investigations, the epicenters were found at 6-7 km east

11) D. SHiMozZURU, M. SAWADA and N. Osapa, Bull. Volcanol. Soc. Japan, 15 (1970),
22-32.
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Fig. 42.
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The seismograms of the Kamikooti earthquake at 21h 26m, Septem-

ber 2, 1969, observed at six stations on Voleano Asama.

Numerals; Stn. No.

Fig. 43. The travel time curves of the
Kamikooti earthquakes on September
1 (1) and 2 (2), 1969, observed on Vol-
cano Asama.

T,=arrival time at Stn. No. =,
Tiy=arrival time at Stn. No. 4;
4, —epicentral distance at Stn. No. 2,
dy=epicentral distances at Stn. No. 4.

of the summit of Yakedake and
the hypocentral depths distributed
from 1 km to 10 km for the earth-
quakes during September 6~26.
On the other hand, the above
Kamikooti earthquakes were ob-
served with the Asama seismic net-
work and recorded by the seven-
chanelled tape recorder. However,
the Kamikooti earthquakes, which
were observed at Agama with the
tape recorder, were only a few
hig oneg that took place on Sep-
tember 1 and 2. In Fig. 43, the
travel time curves are shown on
the basis of arrival times on the
Agama permanent net for the
Kamikooti earthquakes at 04h
14 m, September 1 and at 21h



Seismometrical Studies of Voleano Asama (2) 483

25m, September 2, 1969. Judging from the above travel time curves
showing 8.5 and 6.2 km/sec in the P velocity, it is sure that the seismic
P waves or the initial wave arrived at the Asama net by propagating
along the Moho boundary for the former quake and along the inside of
the crust for the latter one.

Since the Kamikooti earthquakes were not observed with the Suga-
daira, Oodo and Minami-Karuizawa nets, it is insufficient to study the
problem more precigely, though it seems that the above value of the
Moho velocity is slightly too large.

However, the Kamikooti area or the present epicentral area is
situated at the central part of the main island of Japan and on the
highest altitude in Japan. Therefore, the earth’s crust of the region is
thickest in the central part of Japan and consequently the Moho boundary
may incline from the Asama area toward Kamikooti.

On the other hand, the above velocity was given by the observation
at the stations on Asama, which has the complex structure for the pro-
pagation of the seismic waves, as described already. Judging from these
reasons, it is obviously required to make a more precise study of the
problem.

In examining the seismograms of the Kamikooti earthquakes on
September 1 and 2, 1969, the velocities of the P waves given from the
arrival times indicate nearly 8.5 km/sec for the former quake and 6.2 km/sec
for the latter, as shown in Fig. 43. Since quite a big anomaly in the
arrival times exists on the volcano as already described, the above velocities
do not always represent exactly those of the lower crust and the Moho
layer. As mentioned above, it will, however, not be so unreasonable
to assume that the initial wave for the former quake propagated along
the Moho boundary and, on the other hand, that for the latter one
passed through the lower crust.

In general, the anomaly of the arrival times on the voleano will be
markedly reduced in the seismic waves propagated from the deep part
like the mantle on account of the diffraction of the seismic wave and the
long wave-length, even though the anomalous body like the magma
chamber were under the voleano.

10. The root of Volcano Asama seen from the propagation
of the seismic P wave

The following facts were made clear with respect to the arrival
times of the seismic P wave on Asama, based on the seismometrical
observation of a series of the Matsushiro earthquakes and on seis-
mometrical experiments of the 1967 and 1969 Matsushiro blasts and the
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1969 Asama blasts.

(1) According to the travel time curves of the P wave for a series
of Matsushiro earthquakes observed with the Ookuwa and Oodo net-
works, a propagating velocity indicates 6.0-6.2 km/sec or 6.1 km/sec in
average. Therefore, the above result harmonizes well with the crustal
structure along River Agatuma studied by the Research Group of Ex-
plosion Seismology™® based on the 1954 and 1955 Nozori and 1956 Hokota
blasts. According to their investigations, the 6.1-6.2 km/sec layer exists
almost horizontally at a depth from 4km to 5km in the region along
the upper stream of Agatuma, the north-eastern foot of Asama, its
thickness being estimated to be about 20km. Therefore, it will be
reasonable to conclude that the above velocity given by the observations
of the Matsushiro earthquakes indicates that of the layer.

(2) On the other hand, the arrival times of a series of Matsushiro
earthquakes at the seismic stations on the volcano were compared with
those at the Sugadaira and Minami-Karuizawa seismic nets. As in the
former case, the travel time curves were given by the results of seismic
observations in the Sugadaira and Minami-Karuizawa nets, excluding the
Asama one. As a result, the arrival times at the above two places
were on the travel time curve indicating 5.6 km/sec in the velocity of
the P wave for a series of Matsushiro earthquakes, 0.5km/sec lower
than the former case.

It is necessary to remark that the seismic waves observed at the
Minami-Karuizawa net propagated through the root of Asama and under
the Sugadaira net from the hypocenters in the Matsushiro area, judging
from their geographical positions. If the root of Asama shows any
different characters in seismic velocity from those of its surrounding
part, it is natural to expect that the arrival times at the Minami-
Karuizawa net will be affected by the root of the volcano.

On the other hand, it must be mentioned that the arrival times on
Asama for the Matsushiro earthquakes are not so much delayed from
the 5.60 km/sec travel time curve described above.

(8) According to the results of seismometrical observations of the
1967 and 1969 blasts at Togura near Matsushiro, the arrival times at
the five observation points of the Sugadaira net indicated 5.2 km/sec in
the P velocity for both of the 1967 and 1969 blasts. The travel time
curves given in the Minami-Karuizawa net showed also 5.20 km/sec in
the P velocity, though the passes of the seismic waves from the shot
points to Sugadaira are very different from those to Minami-Karuizawa.

12) Research Group for Explosion Seismology, Zisin, [ii], 11 (1958), 102-113.

Research Group for Explosion Seismology, Bull. Earthq. Res. Inst., 37 (1959), 495-508.

T. Usami, T. Mikumo, E. Suima, I. TaMAKI, S. AsANO, T. ASADA and T. MATSUZAWA,
Bull. Earthq. Res. Inst., 36 (1958), 349-357.
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Moreover, even though the arrival times at the Sugadaira and Minami-
Karuizawa nets and the origin times at the shot point were used, the
travel time curves and the velocity of the P wave do not change.

The arrival times at the Takamine net, located at a little shorter
distance to the shot points than to the Asama one, were delayed by
0.2-0.3 sec as compared with the travel times expected from the 5.20
km/sec travel time curve. However, judging from the fact that the
observation points of the Takamine net are located on a high altitude,
2000 m above sea level on average, 0.2-0.3sec delay in their arrival
times are reasonably expected. Therefore, it is natural to conclude that
the seismic P wave propagated from the short points to the Takamine
net with a velocity of 5.20 km/sec as well as that to the Sugadaira and
Minami-Karuizawa nets. However, it is extremely remarkable that the
arrival times on the stations of Voleano Asama only were delayed within
a large range from 1.1 sec to 0.4sec at its east side, notwithstanding
the fact that their average altitudes are lower than those of the Takamine
net and almost similar to those of the Sugadaira net.

(4) Since it is the usual way to interpret the anomalous distribu-
tion of arrival times by means of seismometrical experiments of the
blasts near seismic stations, the writers carried out these on the eastern
and western sides of the volecano as the first step, though the scale of
the experiments was not so large. From the results of the experiments,
it was made clear that the velocity distributions of the present Asama
formation and its old formations including Hotokeiwa and Kurohu forma-
tions are not sufficient to explain the large amount of delay in arrival
times on the volecano.

(5) Judging from the results of the observations described above,
it will be natural to assume that the root of Asama situated under the
old Asama formations extends about 4-10 km deep and to estimate the
radius to be 5-7Tkm in its horizontal size, though further studies and
seismometrical experiments by blasts on and around the volcano will be
necessary for drawing any definite conclusion of the problem.

(6) The present seismic observations on Asama were made for the
Matsushiro earthquakes and the Togura blasts, of which both epicenters
and shot points were located at the western and north-western directions
of the volecano. As mentioned often, the anomalous distribution of the
arrival times of the voleano for the Matsushiro earthquakes was com-
pared with the travel time curve 6.1 km/sec and the other one for the
blasts compared with the travel curve of 5.2km/sec. It will also be
natural that the seismic waves of the Matsushiro earthquakes pro-
pagated in a deeper part of the upper crust from their hypocenters to
the Asama net than these from the shot points to the same net. If this
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is true, the former geographical distribution of the anomaly of arrival
times must appear at a much more eastern side of the volecano than
that given by the blasts.

As can be clearly seen in Fig. 27 and Fig. 28, the above check
harmonizes well with the direction of the shift of the above two geo-
graphical distributions.

As a consequence, the writers are compelled to draw the conclusion
that the Volcano Asama has a root extending from its base to about
10km at least in which the seismic waves may show the lower propa-
gating velocity by several hundreds of meters than that of its sur-
rounding part.

Naturally, the above conclusion is conducted on the basis of seismic
observations of the Matsushiro earthquakes and the Togura blasts.
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Fig. 44. The velocity distribution of the seismic P waves of the surface part
and beneath of Volcano Asama.
(Compiled on the basis of the geological map of Asama made by S. Aramaki)

Since these earthquakes and blasts were all located toward the north
west of Volcano Asama, another series of blasts must be made not only
in the south east of Asama, but also in all directions of the voleano.
It will further be necessary to investigate how the geographical distri-
bution of the anomalies of arrival times on Asama will shift according
to the direction of the wave fronts of the P and S waves.

It must be added here that the writers studied the travel time
curves along the Kirisima volcanoes, based on seismometrical observations
of the 1968 Ebino earthquakes.® According to the result of that, it
was made clear that the 6.1 km/sec layer exists horizontally about 5 km
beneath the voleanoes, but, no remarkable anomaly of the arrival times
of the P waves being found in a lot of seismic stations on a series of

13) T. MINAKAMI et al., Bull. Earthq. Res. Inst., 47 (1969), 745-767.
T. MiINAKAMI, S. HIRAGA and T. MIYAzAKI, Bull. Earthq. Res. Inst., 47 (1969), 769-781.
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extinet cones of the Kirisima volcanoes—very different from Volcano
Asama.

11. Resumé

The writers observed the 1965-1968 Matsushiro earthquakes with
seismic net-works on and around Volcano Asama in order to study the
nature of seismic waves passing through the volecano and the delays of
arrival times of the P waves on the volcano, if any.

Resulting from the seismic observations, the two geographical dis-
tributions of the delay of arrival times on the volcano were made clear,
one being given by the Matsushiro earthquakes and the other by the
Togura blasts. On the other hand, the writers made a series of seis-
mometrical experiments of seismic waves from the blasts on the voleano,
in order to explain the above anomolous distributions of arrival times
on the voleano.

" However, the results of the above experiments suggest that it is
impossible to explain the large delays of arrival times on Asama with
the small velocities' of the layers of ejecta located only near its surface.

Judging from a number of resuits of the observations and experi-
ments, it will be natural to assume that the root of the voleano is located.
underneath Asama and shows a smaller velocity than that of its sur-
rounding part, though a further study and experiment of the problem
will be necessary.

In conclusion, the writers wish to express their thanks to Prof. T.
Hagiwara and his colleagues who kindly gave them the information
relative to the hypocentral positions of a large number of Matsushiro.
earthquakes.

The writer’s thanks are also due to Dr. S. Asano, Mr. M. Ohtake
and their colleagues for their kind information necessary for carrying
out the seismometrical experiments of the blasts at the Matsushiro area.
The writers’ thanks must be extended to Mr. N. Gyoda, Mr. T. Takeda,
Mr. F. Masutani and Mrs. T. Kinoshita for their assistance in the seis-
mometrical observations and for the preparation of the manuscript.
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