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1. Introduction

It was in 1909, about sixty years ago, that F. Omori® started to
study Volcano Asama seismometrically and geophysically and established
a volcano observatory at Yunotaira, about 2.5 km south-west of the summit

1) F. OMor1, Bull. Imp. Earthg. Invest. Comm., 6 (1914), 1-147; 6 (1912), 149-226;
6 (1914), 227-957; 7 (1914), 1-215; 7 (1917), 217-326; 7 (1917), 327-456.
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crater.

During the period from 1909 to 1914, Volecano Asama was, in fact,
extremely active and a lot of strong explosive eruptions, typical Vul-
canian eruptions, took place in the summit crater. Of his various studies
of Asama, the seismological investigations based on the observation at
the Yunotaira Volcano Observatory include most important and interesting
suggestions regarding earthquakes originating from the volcano, which
are still highly appreciated.

In 1933, the Earthquake Research Institute newly established Asama
Volcano Observatory at 4.2km east of the summit crater and restarted
volcanological observations including earthquakes of volcanic origin, de-
formations of the earth’s surface, geomagnetic and gravity fields on
and near the volcano.

The results of these observations and surveys of Mt. Asama, have
already been partially reported in this Bulletin® and in Bulletin vol-
canologique of I.A.V.? ete.

The writers deal in this report with the seismometrical network,
the activity of various types of earthquakes in the volcanically active
and calm periods since 1934 and the nature of earthquakes originating

from Asama.

2. Seismometrical net-work of Volcano Asama

During the period from 1933 to 1953, the seismographs of ordinary
type for observing earthquakes originating from the volcano, were used
at the Asama Volcano Observatory and at other sub-stations situated
on and around the volcano.

Since earthquakes originating from Asama have been extremely small
in amplitude, the writers made efforts mainly to increase the magnifica-
tion of the instruments, without electric amplifier, and for the purpose,
the mechano-optical recorders with an optical lever of 1m long were
applied for obtaining a higher magnification than 5000.

In 1954, the telemetering system with transmission wire was adopted
not only for the continuous observations of earthquakes, but also for
those of geothermal temperature in accordance with development of

9) T. MiNAKAMI, Bull. Earthq. Res. Inst., 13 (1935), 629-644; 13 (1935), 790-800:
13 (1935), 318-327; 15 (1937), 492-496; 20 (1942), 431(504; 38 (1960), 497-544; 16 (1938),
100-116; 18 (1940), 178-250; 20 (1942), 40-64. Bull. Volcanologique, 10 (1950), 59-87; 18
(1956), 39-76; 21 (1959), 127-151.

3) T. MiNakAMI and S. SAKUMA, Bull. Volcanol., 14 (1953), 79-130.

T. MiNakaMI, Bull. Volcanol. Soc. Japan, 14 (1959), 104-114.
T. MinakamI, S HiraGA, S. UTiBoRI and T. Mivazaki, Bull. Volcanol. Soc. Japan,

14 (1959), 115-130.
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Fig. 1. Permanent seismometrical net-work of Asama Volcano Observatory.

Table 1. Geographical positions of the permanent stations equip-
ped with transducers and seismographs as of 1966-1969.

Stn. No. Place Latitude (N) Longitude (E) Altitude
N 1 Huzimizaka 36°23’ 55" 138°32’ 22 2160m
2 Sannotorii r 24’ 02" r 33" 05" 1820 »

3 Nakanosawa r 24’ 017 » 347 09" 1380 »

4 Gippa-yama » 28 407 » 29 547 2000 ~

5 Oniosidasi W. » 25" 21" » 81 17V 1630 »

6 Kuromamegawara U. » 25 12/ » 32" 40" 1560 »

7 Sekison-san » 23 10”7 » 317 177 1860 »

8 Hotokeiwa » 22" 39" » 32/ 26" 1470 »

9 Okubozawa » 2% 15" 33 32V 1580 »

10 Kuromamegawara D. r 25 407 » 82/ 55/ 1460 »
11 Tutuzigahara » 25" 13" » 35" 53" 1350 »

12 Siraitonotaki I » 23 39”7 » 35 417 1365 »

30 Asama Observatory » 24" 05" » 34’ 197 1400 »
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electronic technics.

The ground noise on Asama caused by traffic on the roads passing
its lower slopes is quite serious, and the instrumental magnification of
continuous observation is adjusted indispensably in a range between 8500
and 5000. It will be certainly needless to describe that the temporary
observations for special purposes have been made with higher sensitive
recorders as well as the oscillographs with 24 or 12 elements and the
tape recorders with seven channels equipped with an endless tape.

Tables 1, 2 and 3 show the geographical positions of the transducer
stations and their altitudes, and Table 4 represents the characters of
transducers and the kinds of recorder connected with the transducers.

Table 2. Geographical positions of the temporary stations in
which seismometric observations were made for a longer
period than one month with highly sensitive seismographs.

Stn. No. Place Latitude (N) Longitude (E) Altitude
13 Kurohu-yama 36°24" 34’7 138°30’ 21”7 2120m
14 Hotokeiwa U. » 247 2477 » 32/ 117 1920 »
15 Hotokeiwa D. » 227 297 7 327 477 1380 »
16 Tinotaki » 227 09 » 32" 247 1320 »
17 Ko-Asama n 247 257 » 33" 557 1650 »
18 Gyozyamodosi » 24’ 087 » 33 86’ 1570 »
19 Higasi-Maekake » 24’ 007 » 317 56/ 2350 »
20 Oniosidasi E. r 26" 24" » 32’ 25" 1830 »
21 Okubozawa D. » 22" 29 » 33 46" 1280 »
22 Sanzenton-iwa r 24’ 217 » 317 247 2500 »
23 Maekake-Kako r 24" 16" » 317 02 2440 »
24 Maekake-yama » 24’ 00 » 30’ 56" 2490 »
25 Ohinata » 21 097 r 33" 45" 1060 »
27 Sin-Nakanosawa » 24’ 00 » 84’ 08" 1390 »
28 Siraitonotaki II. 7 24’ 007 » 35 16" 1400 ~
31 A.V. Observatory W. » 247 057 » 34’ 157 1420 »

Fig. 8 shows the system of seismometric observation at Asama
Volcano Observatory in the form of a block diagram. The response
curves for the systems of the seismic observation which are indicated
in the above block diagrams are illustrated in Fig. 4. Of the eight
response curves, those (1), (2) and (5) are similar with the ones for the
portable instruments which are shown in the previous paper of the
Bulletin.?

4) T. MiNARAMI et al., Bull. Earthq. Res. Inst., 47 (1969), 893-949.
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Table 8. Horizontal distances from the center of the summit
crater to the permanent and temporary stations and the
geological formations on which these stations are built.

Stn. No. Place H. Distance Geological formation®

1 Huzimizaka 1.7km | Recent pumice etc.

2 Sannotorii 2.6~ Recent pumice etc.

3 Nakanosawa 4.1~ Hotokeiwa lava

4 Gippa-yama 2.4r Old Asama formation

5 Oniosidasi W. 2.37 0Old Asama formation

6 Kuromamegawara U. 2.6 7 Historical lava flow

7 Sekison-san 2.0 Maekake-yama formation

8 Hotokeiwa 3.3~ Old Asama formation

9 Okubosawa 3.7Tr Recent pumice

10 Kuromamegawara D. 3.3~ Recent lava flow

11 Tutuzigahara 7.07 Recent pumice etc.

12 Siraitonotaki I 6.7 Recent pumice ete.

13 Kurohu-yama 1.6~ 0Old Asama formation

14 Hotokeiwa U. 2.0~ Old Asama formation

15 Hotokeiwa D. 4.0~ 0Old Asama formation

16 Tinotaki 4.2

17 Ko-Asama 3.87 Recent pumice layer on the dacite dome
18 Gyozyamodosi 3.3 Recent pumice and lapilli

19 Higasi-Maekake 0.9~ Recent lapilli, pumice and fine ejecta
20 Oniosidasi E. 4.4 The 1783 lava flow

21 Okubo D. 4.87 Thin recent pumice and ash on old Asama

formation

22 Sanzenton-iwa 0.3 Lava blocks and bombs

23 Maekake-Kako 0.5~ Lava blocks, bombs and ash ete.

24 Maekake-yama 0.8~ Bombs and ash on lava flows

25 Ohinata 6.8~ Pyroclastic produects

27 Sin-Nakanosawa 4.0~ Recent pumice and ash on dacite lava
28 Siraitonotaki II. 5.87 Recent pumice and ash
30 Asama V.O0. 4.4» Recent pumice and ash
31 Asama V.0.W. 4.37 Recent pumice and ash

40 Naka-Karuizawa 8.7~ Recent pumice and ash on old pyroclastic

products

41 Syoono 8.3~ Old pyroclastic products
42 Asamakan 4.7 0ld Asama formation and alluvium
43 Takamine 4.57 Pre-Asama formation

5) S. ARAMAKI, Jour. Fac. Sci. Univ. Tokyo, Sec. 1I, 14 (1963), 229-443.
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a....Ash, lapilli, and block

b....Lava flows with minor pyroclastics

C----Lava flow .
d.-.-Welded deposit of essential ash, lapilli,and block

€....Ash, lapilli, block; mostly pumiceous

f.._Massive lava dome

g.-..Loose deposit of essential ash,lapilli,and block

h..._Essential tuff breccia, lava flows, and tuff

i ....Recent pumices and fine ejecta

Fig. 2. Localities of the permanent and temporary seismic stations on
various geological formations. Numeral; Stn. No.
(Compiled from the geological map made by S. Aramaki).
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According to the seismometrical observation at the Observatory, it
is a remarkable feature in the earthquakes originating from Voleano
Agama that their main part at least in their frequency, consists of the
B type earthquakes located near the summit crater and a few classified
into the A type quakes.

Since the present seismometrical net has completely covered the
voleano since 1963, earthquakes originating from any part of Asama
have been recorded by it.
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Fig. 8. The block diagram of the seismic observation at Asama Volcano
Observatory.

The above tele-metering observation is outstandingly convenient on
the volcano, because electric power is required at the recorder station
only and even a dry-cell is unnecessary at any of the transducer stations.
Therefore, the same apparatus for seismic observation was adopted not
only for voleanoes in Japan, but also for Volcanoes Vesvius in Italy
and Taal in the Philippines.
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Table 4. The permanent seismometrical net.

Stn. No.| Place of transducer Transducer Recorder Magnification
1 Huzimizaka 1.0 Hz Horizontal Smoked paper 4000
1.0 Hz Vertical Smoked paper
Tape recorder
Oscillograph
2 Sannotorii 1.0 Hz Horizontal Smoked paper 4000
1.0 Hz Vertical Smoked paper 4000
1.0 Hz Vertical Tape recorder
Oscillograph
3 Nakanosawa 1.0 Hz Horizontal Smoked paper 4000
1.0 Hz Vertical Oscillograph
Smoked paper 4000
0.2 Hz Horizontal Oscillograph
0.2 Hz Vertical Smoked paper 500
4 Gippa-yama 1.0 Hz Horizontal Smoked paper 4000
Oscillograph
1.0 Hz Vertical Smoked paper 4000
5 Oniosidasi W. 1.0 Hz Horizontal Smoked paper 4000
Oscillograph
1.0 Hz Vertical Smoked paper 4000
Oscillograph
6 Kuromamegawara U. 1.0 Hz Vertical Tape recorder
Oscillograph
7 Sekison-san 1.0 Hz Horizontal Smoked paper 4000
1.0 Hz Vertical Tape recorder
Oscillograph
8 Hotokeiwa 1.0 Hz Horizontal Smoked paper 4000
Oscillograph
1.0 Hz Vertical Tape recorder
Oscillograph
9 Okubosawa 1.0 Hz Horizontal Smoked paper 4000
Tape recorder
Oscillograph
10 Kuromamegawara D. 1.0 Hz Horizontal Smoked paper 4000
11 Tutuzigahara 1.0 Hz Vertical Smoked paper 4000
Tape recorder
Oscillograph
12 Siraitonotaki I 1.0 Hz Vertical Tape recorder
Oscillograph
30 Asama Observatory Ishimoto’s type Smoked paper 350

Seism.
1.0 Hz Horizontal 2
1.0 Hz Vertieal 1
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Fig. 4. The response curves of the seismographs at Asama Voleano Obser-
vatory.
(1): the electro-magnetic oscillographs of 12 and 24 elements for 1 Hz
horizontal transducers,
(2): the electro-magnetic oscillographs of 12 and 24 elements for 1 Hz
vertical transducers,
(3): the seven channelled tape-recorder for 1 Hz horizontal transducers,
(4): the seven channels tape-recorder for 1 Hz vertical transducers,
(5): the smoked paper recorders of continuous observation for 1 Hz
horizontal and vertical transducers,
(6): the smoked paper recorders of continuous observation for 0.2 Hz
horizontal and vertical transducers,
(7): Ishimoto’s micro-seismographs,
(8): the seismographs of direct connection of 1 Hz transducers with
galvanometer (used during 1955-1961).

However, on the occasion of lightnings, induced currents are pro-
duced in the circuit of transducer-transmission wire-amplifier-galvano-
meter which disturb the seismograms. The coils of transducer, galvano-
meter, and amplifiers were broken once or twice a year. Therefore, it
may be said that this is the weakest point of the method in the region
where thunderstorms often occur.

On the other hand, for preventing damage of the instruments by
lightning, the writers have used arresters suitable for the purpose and
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made careful precaution by earthing.

Even though the telemetering observation with transmission wire
suffers the above-mentioned defect from lightning, the said method for
seismic observation is useful, especially at volcanoces for determining
the locality of earthquakes and for obtaining precise observations of the
arrival times of seismic waves.

3. The explosive eruptions of Asama during
the period from 1934 to 1969

As described before, an explosive eruption is defined as follows:

An eruption means the phenomenon erupting solid materials from a
crater to the earth’s surface, such solid materials including lava stream,
lava block, voleanic detritus, lapilli, gravel, ash and any other forms
of solid material, usually together with gases.

In order to show an outline of the eruptive activity of Asama, it
is represented in a form of the monthly frequency of eruption during
the period from 1934 to 1969 in Table 5. It is necessary to remark
here that the numbers of eruptions in Table 5 include not only these
stronger than 10" erg in kinetic energy, but also extremely small ones
ejecting only a small amount of fine ash.

In the same Table, it will be noted that a number of eruptions in
the periods from November 1940 to October 1942, and from September
to November 1961 consist mainly of small eruptions.

Table 5. The monthly frequencies of the Asama explosive erup-
tions during the period from 1934 to 1969.

Month
\ 12| 3| 4|5 6|78 |9]10|1]12 Total
Year
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 1 0 8 34 6 41 23| 12 3 1 2 94
1936 0 14 5 4 0 0] 30 4 4 3 2 0 66
1937 0 3| 13 6 1 8 0 0 0 0 0 0 31
1938 0 0 1 8 24 20 221 10 26| 17 8 9 145
1939 1 17 7 11 6 6| 13 5 3 2 0 0 71
1940 2 0 0 0 2 0 0 1 1 21 17| 27 52
1941 95 109 | 21 12 18 5 11| 12| 13| 19| 21| 55 391
1942 62 42| 54 74 18 6 10! 56| 50| 21 0 0 393
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 1) 19| 52 28] 18 118
1945 22 42| 19 14 3 3 6 2 0 2 3 0 116
1946 0 0 0 0 (1] 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 1 1 0 0 0 0 2
1948 0 0 0 0 0 0 0 0 0 0 0 0 0

(to be continued)
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Table 5. (continued)

Month|
\ 1 2 3 4 5 6 7 8 9 10 | 11 | 12 Total
Year
1949 0 0} 20 1 0 1 41 56| 41 5 0 0 128
1950 0 0 0 0 0 0 0 0 2 2 0 1 5
1951 0 1 0 1 1 0 1 0 0 0 0 0 4
1952 1 0 0 0 0 1 0 0 0 0 0 0 2
1953 0 0 0 0 0 0 0 0 0 0 01 18 13
1954 85 76 | 38 25 34 25| 24} 12 1 0 3 1 324
1955 1 2 2 24 10 45 1 0 0 0 0 0 85
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 1] 0 0 0 0| 20| 84| 74 178
1959 0 0 1 3 8 51 18 9 0 0 0 0 44
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 8+ 16% 8% 8% 0 40
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0

* Excluding the frequencies of successive small eruptions.

The eruptions of the latter period took place every 30 seconds or 2
minutes as well as the Strombolian eruptions and their ejecta consisting
of small bombs and ash which fell back into the crater floor and their
small parts being scattered about the margin of the crater. Just before
and during the September-November 1961 eruptions, fresh lava was ex-
truded in an incandescent state through a narrow fissure on the crater
floor and covered its surface. It seems that the lava extruded on the
crater floor was not so viscous as is usual at Asama, judging from the
behaviour of lava on the crater bottom.

It is reasonable to mention that the main and important factor for
determining the types of eruption, Vulecanian, Strombolian or Hawaiian,
is the value of viscosity of lava and not its chemical and petrological
character.

4., Earthquakes originating from Volcano Asama

In the previous paper?, one of the writers classified the earthquakes
of volcanic origin according to the hypocentral position of respective
volcanoes, the depth of hypocenter, the nature of seismic wave, es-

6) T. MINAKRAMI, loc. cit., 2).
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pecially P and S phases, and the relation to eruption.

In the review of the results of seismic observations for quite a
long period, all types of voleanic earthquakes were observed in Voleano
Asama, the relationship between eruption and seismic frequency also
being elucidated to some extent.

However, the most remarkable characteristic of Voleano Asama is
that earthquakes originating from it consist mainly of the B-type located
near the summit crater, very few of them being classified into the A
type. Since the Asama eruption is usually explosive, the so-called Vul-
canian type, an earthquake there corresponds to an explosive eruption.
On the other hand, harmonic tremors of continuous train originate also
from the volcano at its eruptive stage, though this is extremely rare.

It must be added here that F. Omori” classified the Asama earth-
quakes into two types, types A and B, but they do not agree with
those defined by the present writers. Omori’s A type quake corresponds
to the writer’s explosion earthquake or an earthquake followed by an
explosive eruption, and his B type quake coincides with the writer’s A
and B types earthquakes.

As already described the Asama B type earthquakes have a close
relationship with occurrences of explosive eruption, and on the basis of
frequency of the B type earthquakes an empirical formula for predicting
volcanic eruption of Mt. Asama was conducted in 1958.

During about thirty five years from 1934 to 1969, no remarkable
seismic activity of the A type appeared, though a few A type quakes took
place before and during the eruptive activities.

According to Omori’s report® concerning the Asama earthquakes,
however, strong earthquakes now and then took place in and near Vol-
cano Asama causing slight damage to mountain roads and houses at
the foot, as in the cases of the Yunotaira earthquake on July 16, 1912,
and the strong Ozasa one on February 22, 1916. The former earthquake
was followed by 48 felt quakes for 12 hours at Yunotaira, the latter
one causing slight damage to dwelling houses at the village of Ozasa
and its vicinity at the north base of Mt. Asama.

Besides the above-mentioned two earthquakes, the following strong
earthquakes originating at Asama and its neighbourhood were reported
by F. Omori”. Therefore, it will be remarked that a lot of the A type
earthquakes including severe ones took place in the period of the 1908-
1914 explosive activity of Asama, no strong Asama earthquake or no re-
markable earthquake swarm of the A type occuring after 1934, notwith-
standing the fact that a lot of strong explosive eruptions took place in

7y F. Omori, loc. cit., 1).
8), 9 F. Omori, loc. cit., 1).
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the volcano in the periods 1985-1942, 1944-1945, 1954-1956 and 1958.
Other strong Asama earthquakes are as follows:

May 26, 1908, 9h 18m a.m., Asama origin,
July 16, 1912, 7h 45m a.m., Vi ,
Jan. 22, 1910, 3h 03m p.m., Near Asama,
Aug. 17, 1912, 11h 21m a.m., Y ,
April 2, 1911, 10h 30m p.m., y

However, it was in extremely rare cases in the permd from 1934
to 1969 that the A type earthquakes observed with low sensitive seismo-
graphs took place before and during explosive activities.

As is shown in Fig. 36, the earthquake motions of the A type earth-
quakes from Asama consisting of rapid shocks, judging from their
apparent features on the seismogram, do not differ from those of the
tectonic origin of extremely shallow depth recorded near the epicenter.

5. Explosion earthquakes or earthquakes followed
by explosive eruptions

It has been usual for the Asama eruptions in the past hundred
years to be outstandingly explosive, a lot of volcanic bombs and ash
being ejected from the summit crater with furious detonations. However,
a single explosive eruption of Asama finishes generally within a few
minutes and the ejection of lava blocks and bombs of large size usually
coming to an end within 80 or 60 seconds from the commencement of
outburst. Another strong eruption takes place usually after several days
and at least several hours even in the active period of the volcano.

On the other hand, an earthquake is recorded on the seismogram
corresponding to an explosive eruption of Asama and has the following
characteristics in its earthquake motions, which are very different from
the A type earthquake.

The maximum amplitude or the magnitude of the explosion earth-
quake has a close relation with the intensity of explosive eruption and
is approximately proportional to the kinetic energy® of its ejecta.
Therefore, the magnitude or the intensity of the Asama explosive er-
uption is given by the empirical formula based on the maximum amplitude
of respective explosion quake, as reported before in the same Bulletin."

As is shown in Figs. 37 and 38, the earthquake motions of explosion
earthquake are predominant in longer vibration periods as compared with
those of the A type and tectonic ones. On account of this, such earth-
quake-motions at the Asama Volcano Observatory, located 4.3km east

10) T. MiNAKAMI, Bull. Earthq. Res. Inst., 20 (1942), 65-92.
11) T. MINAKAMI, loc. cit., 2).
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of the crater, have never been felt though its amplitudes of vibrations
are fairly large. However, the detonation or air vibration of explosive
eruption is outstandingly strong causing houses to vibrate violently. In
some cases'™, a lot of glass-panes of houses and buildings situated nearer
than ten—fifteen km, were seriously damaged, the detonations being
heared at Nagoya and Osaka, 200km and 350 km distant from Asama.

It is one of the most remarkable features that the initial motion
of the explosion earthquake is usually clearly recorded on the seismo-
grams, its direction indicating “push” and ¢ upward ” motion without
exception in all directions from the crater. In other words, the explosion
earthquake originates from a positive single source in the production of
seismic wave. On the other hand, the S phase of the explosion earth-
quake is not clear, and the surface waves are extremely predominant
on account of shallow origin.

On the seismograms of the explosion earthquakes, we often find
special phase of rapid vibrations evidently caused by air shocks, as is
shown in Figs. 87 and 38.

Since the Asama Volecano Observatory was established in August
1933, the volcano was remarkably active during the period from April
1935 to 1942 and minor explosive activities took place in 1958-59 and
1961 ete.

During the 1935-1950 activity of Asama, seismic observations at the
Voleano Observatory were made with a low sensitive seismograph, of
which the magnification was nearly 100 for earthquake-motions of
5.0sec—2.0sec in their vibration periods, the period of the pendulum
being nearly 5.0 sec. Besides the above seismograph, seismographs, of
which the period of the pendulum and the magnification were 1.0 sec
and 350 respectively, were set at the Observatory in 1937.

With these two kinds of seismographs, the Asama explosion earth-
quakes which occurred in the period from 1935 to 1950 were observed,
though seismic observations of the volcano have been made with highly
sensitive seismographs in the mechano-optical method since 1951, and
by the telemetering one since 1954. However, since the B type earthquakes
from the volcano are on quite a small scale, it is useful and necessary
for precise observations of them to use the highly sensitive seismographs.
But, the Asama explosion earthquakes include amplitudes of earthquake
motions as large as 500 micron in the maximum amplitude at the
Observatory and, therefore, it is necessary to operate not only the
highly sensitive seismographs as large as 5000 in magnification but also
the lower sensitive ones as small as 200 in magnification.

In Tables 6 (a), (b) and 7, are shown the amplitudes of the initial

12) S. SArRUMA, Bull. Earthq. Res. Inst., 29 (1951), 605-615.
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Table 6(a). The explosion earthquakes observed with the low
magnification seismographs (V=100, T,=5.0sec) at Asama
Volecano Observatory (1935 through 1939).

2A: Maximum amplitude,
T: Vibration period of the maximum amplitude.

Component Component
N 45° E-S45° W S45° E-N45° W
Date and time Initial motion 2A T Initial motion 2A T
Azimuth | Amp. Azimuth | Amp.
1935 h m 3 4 sec ® u ec
Apr. 20 16 20 | N 45° E 8.0 370 — S 45° E 3.0 245 —
May 5 08 47 ” 2.0 185 | 0.42 ” 0.5 80 —
11 02 58 ” 1.0 65| 0.84 ” 1.0 75 —
11 04 05 ” 3.0 130 — » 2.0 110 | 0.32
11 14 37 — — 16 — — — 14 —
16 21 15 | N 45° E 3.0 195 — S 45° E 1.0 117 | 0.21
20 04 02 ” 2.0 117 — ” 1.0 90 —
28 18 14 ” 5.0 150 { 1.02 ” 2.0 150 | 1.02
Jul. 2 11 42 — — 24 — — — 34 —
Aug. 4 07 29 | N 45° E 2.0 90 — S 45° E 1.0 115 —
17 16 50 — — 65 — — — 49 —
28 08 10 | N 45° E 2.0 105 — S 45° E 1.0 90
Sept. 19 15 59 ” 5.0 215 — ” 4.0 128 —
Oct. 20 — — — — 25 — — — 30 —
Nov. 7 12 08 | N 45° E 1.5 100 | 0.63 S 45° E 0.5 109 | 0.63
1936
Feb. 7 14 27 | N 45° E 6.0 163 | 0.93 S 45° E 3.0 216 | 1.60
10 10 — ” 2.5 8 | 0.76 ” 0.8 63 | 0.61
12 183 — ” 1.0 46| 1.16 ” 0.7 32| 0.82
12 14 — — — 34| 0.98 — — 421 0.88
15 15 54 | N 45° E 4.0 100 — S 45° E 1.0 81 0.78
Mar. 5 16 09 ” 3.0 8 | 0.98 ” 1.0 8 | 0.78
7 10 30 ” 6.0 165 | 0.87 » 3.0 130 | 0.87
Apr. 20 01 20 | N 45° E 2.0 120 — S 45° E 1.0 120 —
23 08 15 ” 1.0 65| 1.12 | N45°W 1.0 72| 0.98
Jul. 22 22 00 ” 3.0 81 — S 45° E 2.0 T4 —
24 13 37 “ 2.0 225 — N 45° W 1.0 145 —
26 09 49 ” 9.0 410 — S 45° E 5.0 390 —
26 16 49 ” 3.0 225 — ” 1.0 230 —
27 01 45 ” 7.0 130 — ” 3.0 125 —
29 09 11 ” 21.0 300 | 1.82 ” 11.0 320 | 0.96
Aug. 4 04 23 — — 65| 0.61 — — 7| 0.93
Sept. 19 18 15 | N 45° E 3.0 160 | 0.78 S 45° E 1.0 250 | 1.62
Oct. 1 10 29 — — 74| 1.32 — — 56 | 0.88
15 07 24 [N 45° E 2.0 200 | 0.86 S 45° E 1.0 235 | 0.91
17 09 34 » 6.0 180 | 0.93 ” 2.0 120 | 0.93

(to be continued)
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Table 6(a). (continued)

Component Component
N 45° E-S45° W S45° E-N45° W
Date and time Initial motion 2A T Initial motion 2A T
Azimuth | Amp. Azimuth | Amp.
1937 h m “ I3 sec u I3
Mar. 1 22 — | N45° E 2.5 374 | 1.38 | S45° E 1.0 2151 0.91
12 12 — — — 109 — » 0.5 109 -
18 05 — | N 45° E 6.0 401 — ” 2.5 258 _
25 16 — ” 4.5 200 — » 2.0 144 —
Apr. 6 — — — — 106 | 1.23 — — 8 | 0.79
16 00 01 | N 45° E 5.0 971 0.93 | S45° B 2.0 789 | 0.88
Jun. 7 — — | S45° W 0.5 152 | 1.84 » 1.5 144 | 1.02.
28 — — | N45° E 6.5 132 — » 2.5 108 —
30 — — ” 2.5 86 — » 1.0 68 —
1938
Mar. 25 10 15 | N 45° E — 370 — S 456° E 4.0 245 —
Apr. 20 03 47 r 5.0 655 | 1.80 » 4.0 415 | 0.93
23 02 21 ” 0.5 257 1.93 ” 1.0 176 1.11
May 1 10 07 — — 160 — — — 165 —
21 — — — — 182 — — — 136 —
Jun. 7 06 24 - — 474 — — — 646
30 13 36 — — 18| 0.72 — - 27 1.2
Jul. 3 11 28 — — 62 — — — 54 —
4 02 17 — — — — S 45° E 2.5 154 -
16 13 01 | N45° E 3.0 132 — r 2.0 | 194 —
18 17 47 " 2.0 | 100| — ” 2.0 102 —
21 18 40 r 3.5 57 — r 1.5 76 .
Aug. 19 07 17 — — 65 — — — 73 —
Sept. 3 07 41 | N 45° E 7.0 197 1.46  S45° E 5.0 134 | 0.68
3 12 11 ” 3.0 841 0.69 ” 2.0 125 | 1.67
3 15 50 4 1.0 67 — » 1.0 80 _
3 17 — ” 0.8 24| — ” 0.5 2| —
4 10 20 ” 5.0 127 | 1.20 ” 2.0 123 | 1.05
10 12 44 — — 56 — — — 50 —
20 03 32 | N 45° E 1.0 141 — S 45° E 1.0 259 —
20 07 25 — — 298 — — — 160 —
26 13 43 | N 45° E 3.0 175 — — — 245 —
Oct. 4 20 21 4 6.0 250 0 0.88 | S45° E 4.0 205 | 0.83
6 00 26 » 2.0 185 0.83 ” 2.0 200 | 1.27
10 07 57 » 3.0 120 0.83 ” 2.0 160 | 1.18
19 23 36 — — 74 — — — — _
30 16 43 | N 45° E 2.0 ‘55 — S 45° E 1.2 163 —
Nov. 5 21 43 — —_— 56 — — — 40 —
6 00 34 — — 98 — — — 96 —
15 17 14 | N 45° E 3.0 228 — S 45° E 4.0 203 —
28 20 51 » ; .0 175, — ” 3.0 140 —
Dec. 1 02 564 [ N45°E,; 1.6 58 . 1.53 1 52 | 1.2

S 45°E

(to be continued)
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Table 6(a). (continued)
. Cemponent | Component
N45°E-S45° W | S45° E-N 45° W
Date and time Initial motion i 2A T Initial motion 2A T
> Azimuth | Amp. | Azimuth | Amp.
1938 |
Dec. 4 22 48 [N 45° E 0.5 91 — S 45° E 0.5 67 —
11 18 19 — — — — ” 2.0 165
15 17 11 | N 45° E 0.5 621 1.50 ” 1.5 69| 1.87
28 23 16 ” 0.5 | 170 — r 2.0 120 —
1939
Jan. 2 01 — — — 70 ” 0.5 100 —_
Feb. 2 21 48 | N 45° E 3.0 385 — ” 3.0 325 —
15 09 14 " 4.0 429 — ” 3.0 190 —
Jun. 25 00 47 ” 3.0 138 — ” 2.0 156 —
- Jul. 14 21 06 — — 160 — — 86
30 18 50 — — 102 — — — 79 —
Aug. 26 03 22 | N 45° E 1.0 79 S 45° B 1.0 107

Table 6(b).

The explosion earthquakes observed with the low

S.0.*: Scale out.

magnification seismographs (V=3850, T,=1.0sec.) at Asama
Voleano Observatory (1950 through 1961).

T: Vibration period of the maximum amplitude.

Initial motion
Date and time Component max. amp. T
Azimuth Amp
1950 h m “ " s2e
' Sept. 23 04 37 E-W E 1.3 —
N-8 N 0.1 — —
U-D D 0.7 — —
’ Oct. 4 15 14 g-xg E 0.7 109 0.55
U-D U 0.3 29 0.43
1954
Sept. 6 18 00 E-W E 0.3 — —
N-S — — 128 0.46
U-D —_ — 79 —
1955
Jun. 11 19 45 E-W E 1.7 — —
N-S N 0.6 161 0.89
U-D — — 73 —
1958
Nov. 10 22 50 E-W E 2.9 S.0. —
N-S | — — S.0. —
U-D | U 1.1 S.0.

(to be continued)
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Table 6(b). (continued)
Initial motion
Date and time Component Max. amp. T
Azimuth Amp.
1959 h m u ” sec
Dec. 4 07 02 E-W E 0.3 48 —
N-S — 60 0.63
U-D — — 47 —
Dec. 4 11 46 E-W E 1.1 S.0. —
N-S S 0.9 S.0. —
U-D — — 90 —
Dec. 5 13 08 E-W E 1.1 ‘S.0.
N-S S 1.1 S.0. —
U-D = — 91 —
1959
Mar. 10 19 00 E-W E 0.9 37 0.29
N-S S 0.3 41 - 0.48
U-D — — 18 0.29
Apr. 14 20 29 E-W E 2.3 46 —
N-3 N 0.3 60 0.78
. U-D U 0.6 21 0.47
Jun. 25 12 37 E-W 53 —
N-S — — 69 0.48
U-D _ — 46 0.47
Jul. 16 15 31 E-W E 0.6 22 0.59
N-S S 0.6 31 0.59
U-D — — 13 =
Jul. 21 08 29 E-W E 0.9 33 —
N-8 S 0.9 35 0.49
U-D — — 26 0.40
Aug. 9 01 14 E-W E 0.3 38 0.67
N-S — — 57 0.77
U-D — — 14 0.48
1961
Aug. 8 14 41 E-W E 5.4 100 0.87
N-8 — — 117 0.88
U-D U 2.6 79 —
Sept. 15 20 16 E-W E 0.9 49 —
N-S N 1.1 59 0.48
U-D U 2.0 53 —
Oct. 3 21 15 E-W — 27 —
: N-S — 47 0.69
U-D . — 30 0.49
Oct. 6 00 11 E-W E 0.9 23 0.68
N-S S 0.6 35 0.77
U-D - — 10 _
Oct. 7 17 05 E-W — 65
N-S — — 58 —
U-D 38
Nov. 5 07 52 E-W E 2.9 75 0.74
N-S N 0.9 82 0.67
U-D U 0.9 — —
Nov. 7 21 52 E-W — 73 0.65
N-S — — 99 0.86
U-D U 0.9 32 —
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motion, the maximum amplitude of explosion earthquakes and the time
differences between the arrival times of the initial motions or the P wave,
and that of the air vibration.

If an explosion earthquake took place below the crater floor and
the air vibration started at the first movement of the crater floor, the
time lag of occurrences of the above two phenomena and the travel
times of the P wave and the air wave will be expressed by the fol-
lowing relations in reference of Fig. 5.

ot="T,—-T,,
t,2=(E—-a)/V,,
R={£+(H,—h,—h,— H))}'"*,
S=8,+8.,
Si=@+h)"
S,={(d—r)y+(H,~H)}",
t,=S8/V(0) ,
V.(6)=331.5+0.610 (m/sec) ,
tp=t,—t,+0t or T,—T,=t,,+t,—t,,

where T,: occurrence time of the P wave at the hypocenter,
T,: occurrence time of the air shock on the crater floor,
ot: time difference between the above two phenomena,
R: distance from the center of the sphere of the hypocentral
domain,

4: epicentral distance or the horizontal distance from the center
of the hypocentral domain,

Fig. 5. A model of the origins of the explosion earthquake and the detona-
tion or air shock.

S: distance along the earth’s surface to Observatory,
S,: distance from explosion spot on the crater floor to the
margin of the crater,

S.: distance from the crater margin to Observatory along the
earth’s surface,
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hy: depth of the crater,

h.: hypocentral depth measured from the crater floor,
V,: propagating velocity of P wave,

V.(0): propagating velocity of air wave at temperature 6°C,

t,: travel time of P wave,

t,: travel time of air wave,

: average air temperature at H, and H,,

H,: altitude at the crater margin,
H,: altitude at Observatory,

a: radius of the spherical hypocentral domain,

r: horizontal distance from the crater margin to explosion spot.

Since the propagating velocity of air wave vitally depends on the
air temperature from the summit to the Observatory, the travel times
of the air wave were calculated by the mean air temperature of those
at Observatory and the summit.

Although the propagating velocity of air wave depends also on the
moisture of air and wind velocity at the time of its propagation, they
are not so remarkable as the air temperature, their effects being negli-
gibly small in the present case. Although the depth measurement of
the crater was carried out just before some of the eruptions, we have
no information about the exact depth at the time of eruption for the
other most part of the above explosive eruptions. However, the topo-
graphical surveys of the summit crater including the crater depth were
often made during the period from 1934 to 1940, and according to the
result, it was in a range from 50m to 180 m. Therefore, it will be
reasonable to assume the crater depth through the period as 180 m,
deepest value, for the present calculation, judging from the purpose of
the present study about the occurrence times of the phenomena. On ac-
count of the above reason, the writers deal here with the problem by
taking 180 m as the constant depth of the crater for calculating the travel
time of air shock of respective eruptions. It is also important to make
sure on which side of the crater floor the explosions took place. In the
present calculation, it is assumed that all the explosions during 1935-1942
took place at the west side of the crater floor, in accordance with the
present purpose. On account of these two reasonable assumptions, it will
be said that the above delayed time (6¢) or the delays of the commence-
ment of eruption on the crater-floor as compared with that of explosion
quake at the hypocenter, shows the minimum values in the following
three cases.

On the other hand, it will be quite reasonable to suppose that the
hypocenter of explosion earthquake is located just below the crater
floor, based on the arrival times of the initial wave (P), the geographical




Table 7. The difference (¢,_,) between the arrival times of the
P wave and the air shock, travel time of the air shock (¢,,.)
and mean air temperature () at the summit and the Observ-
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atory at the time of explosive eruptions.
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12
0 tp—z z.e —- —
No. (Observed) (Observed) (Cg.(iilsl?aa Q tp—e—te.cttp. =0t
1 —12.0°C 13.56 sec 13.13 sec —0.43 sec
2 —10.0 18.21 13.04 0.17
3 — 8.0 18.36 12.99 0.87
4 - 8.0 13.45 12.99 0.46
5 — 6.5 13.16 12.95 0.21
6 - 6.0 13.09 12.93 0.16
7 - 5.8 14.04 12.95 1.09
8 - 5.0 13.15 12.91 0.16
9 — 4.0 14.25 12.88 1.37
10 - 8.0 12.85 12.86 —0.01
11 0 13.09 12.78 0.31
12 1.0 12.61 12.75 —-0.17
13 2.0 13.44 12.78 0.71
14 4.0 13.43 12.69 0.74
15 4.0 13.03 12.69 0.34
16 4.0 12.82 12.69 0.13
17 5.0 13.46 12.65 0.81
18 5.0 12.54 12.65 —0.11
19 6.0 12.82 12.63 0.19
20 6.5 12.93 12.61 0.32
21 7.0 13.91 12.60 1.31
22 7.0 13.10 12.60 0.59
23 7.0 12.90 12.60 0.30
24 7.0 12.66 12.60 0.06
25 8.0 12.95 12.58 0.37
26 8.0 12.77 12.58 0.19
27 8.0 12.71 12.58 0.13
28 9.0 13.33 12.56 0.77
29 9.0 12.90 12.56 0.34
30 9.0 12.75 -12.56 0.19
31 10.0 13.16 12.52 0.64
32 10.5 13.01 12.52 0.49
33 11.0 13.00 12.52 0.48
34 12.0 13.05 12.48 0.57
35 12.5 13.18 12.47 0.71
36 14.5 13.44 12.42 1.04
37 15.0 12.90 12.40 0.50
38 15.0 12.80 12.40 0.40
39 16.0 13.16 12.38 0.78
40 17.0 12.02 12.36 —0.34
41 17.7 12.53 12.33 0.20
42 18.0 12.70 12.32 0.38
43 18.0 12.51 12.82 0.19
44 19.0 12.41 12.30 0.11
45 20.0 12.58 12.28 0.30
46 22.0 12.88 12.24 0.64
47 22.2 12.41 12.24 0.17
48 24.0 12.50 12.19 0.31
49 25.0 12.60 12.16 0.44
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distribution of their amplitudes on and around the volcano and the
nature of the phenomenon.

It is also natural to assume that the source of explosion quake has
its volume for simplicity as a sphere and that the initial wave of an
explosion quake propagates from a spherical surface.

The time difference (6¢) between the occurrence time (7,) of an ex-
plosion earthquake in which the initial wave starts to propagate from the
spherical surface of the source and the commencement time (T,) of
outburst on the crater floor, is expressed in the formulae, in which tp—s)
Vo Vo 4, v, hyy, H,, h,, H, and 6 are given by seismometrical observa-
tion and by other measurements. The hypocentral depth (hy) or the
depth of the center of the hypocentral domain will not be very different
from the value of the radius (a) of the hypocentral sphere, and their
values will be in all probability in a range of 0.1 km-0.5km. On the
other hand, the propagating velocity of the P wave which passes from
the hypocenter to the Observatory, will likely be in a range from 2.5
km/sec to 3.5km/sec. Therefore, the travel time of the P wave or (R—a)
[V, in the formula is in a range from 1.lsec to 1.6sec, for the case 1.

On the basis of the following results of the observations and measure-
ments necessary for the present purpose, the travel times of the P
wave of explosion earthquake and the air wave originated from the
crater floor are calculated for the following three cases.

H,=2560m ,
H,=1406 m ,
h,=180m ,
r=220m ,
4=4.45km ,
V,=3.0km/sec ,
a=500m, h,=500m, (case 1),
a=300m, h,=300m, (case 2),
a=0m, h,=0m , (case 3).

In order to show the travel times, especially, the time difference of
occurrence of the two phenomena are represented in Fig. 6 and Table 7
in relation with the average air temperature on the occasion of respec-
tive explosive eruptions. In the same figure, the lines (1-3) indicate the
calculated differences of the travel times of the two phenomena for the
above three cases, in order to make clear the difference of occurrence
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Fig. 6. Time differences in the arrival times of the P wave and the air
shocks of a series of explosion earthquakes of Asama, (1), (2) and (3)
indicating the calculated values based on the three cases of assumption.
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Fig. 7. The geographical distribution of
the initial motion of explosion earth-
quakes in different periods.
(Observations at Yunotaira and Oiwake
were made by F. Omori and Karuizawa
Weather Station respectively).
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Fig. 8. The geographical distribution of
the initial motion of the explosion
earthquake at 07h 52m on November
5, 1961, amplitude indicating horizontal
component except at G.

(Observation at Oiwake was made by
Karuizawa Weather Station).
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times of the two phenomena.

As described above, the dalayed time (9¢) of outburst on the crater
floor, in other words, the time difference between the commencement
of the initial movement of ejecta on the crater bottom and that of the
seismic wave at the above-mentioned source was obtained mostly in a
range between 0.4sec and 0.6sec.

On the other hand, the problem regarding the geographical distri-
bution of the initial motion of explosion earthquake is an interesting
and important factor not only for studying the mechanism of explosion
earthquake, but also for making clear that of the volcanic eruption.
According to the results of seismic observations at Voleano Asama made
by F. Omori*® at Yunotaira, SW, 2.5km of the summit crater, by the
writers in the seismometrical net of Asama Voleano Observatory and by
the Oiwake Weather Station (now Karuizawa Weather Station), the
initial motions of explosion quakes showed always push” or “upward”
at any place on and around the summit crater of Asama, and no pull”
or “downward” motion being observed.

It will be clear that the above geographical distribution of the
initial motion shows nothing but that the explosion earthquake originates
from a single positive source which suggests an increase of vapour
pressure just below the crater floor.

Judging from the two observed phenomena mentioned above, the
delayed time (0.4sec—0.6sec) and the mechanism of a positive single
source, it will be natural to make the following interpretation about
the explosive eruption of Voleano Asama: the vapour pressure of lava
in the vent near the crater floor increases rapidly and as a result the
initial seismic wave propagates as “push” wave from the positive single
source and, at the same time, the rapid increase of vapour pressure
will cause destruction of highly viscous or almost solidified lava below
the crater bottom and a lot of destroyed lava blocks including bombs
of large sizes and fine ejecta, will have quite a high velocity of flight of
150 m/sec —200 m/sec in strong eruptions. However, it will take time to
erupt these ejecta with a initial velocity from the crater bottom after the
rapid increase of vapour pressure. On the other hand, the air shocks
including low frequency pressure waves will propagate simultaneously
with the start of ejecta from the crater floor.

It must be added here that the initial air wave or air shock has
always indicated a marked increase of air pressure according to the
records on the aneroid barometers set on and around the crater.

Although the present seismometrical net work shown in Fig. 1 was
almost completed in 1963, Asama has been very calm during the last

18) F. OMoR1, loc. cit., 1).
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nine years and no eruption occurring after the 1961 Aug.~Nov. erup-
tions. Therefore, an explosion earthquake including air shock has not
yet completely been caught by the present net work. However, the ex-
plosive activity of Asama is expected to occur before long, judging
from the historical activity of the volecano, and a lot of more precise
data concerning explosion earthquakes will be obtained for a study of the
dynamical mechanism of Asama explosive eruption.

It must be necessary to add here that the explosion earthquake-
motions consist mainly of those of vibration periods longer than those
of the A and B earthquakes originating from the voleano, and especially
the initial motions of explosion earthquake is generally longer than 0.5~
1.0 sec in its vibration-period, even though it was observed near the crafer
as like 2.0km-4.0km in its epicentral distance.

With respect to the nature of explosion earthquake-motions, the
writers will deal later again with a comparison with those of the A and
B earthquakes.

6. The B type earthquakes of Volcano Asama

Since the Asama Volcano Observatory was established in August
1933, the strong explosive eruption on April 20, 1935 was the first ex-
perience of eruption for the Observatory, when the seismograph of two
horizontal components whose vibration period and magnification were
adjusted to 5.0 sec and 100 times on the smoked paper was operated.
After examining the seismograms recorded with the above instrument,
the writers found a series of tremors on the geismograms, of which the
amplitudes were extremely small, their forms being very different from
the usual quakes. At that time we classified such tremors as volcanic
tremors. Moreover, it was found that frequency of the volcanic tremors
had increased remarkably since December 1934, four months before the
first eruption of the 1935-1942 major volcanic activity of Asama. Since
it wae clear that the mode of appearance of volcanic tremor had a close
relation with the cccurrences of explosive eruptions of Volcano Asama,
the writers have continued to investigate their locality and the natures
of their earthquake-motions ete. It is needless to mention that such vol-
canic tremors were later called as the B type earthquakes of volcanic origin.

In order to make clear the origin of the above tremors or the B
quakes, the writers set seismographs at various parts of Asama, including
Yunotaira, Sannotorii, Oniosidasi E., Naka-Karuizawa, Onuma-mura and
Komoro ete, located at distances of 2.0km, 2.6km, 4.4km, 8.5km, 7.0
km and 12.0km respectively from the summit crater, as is shown in
Fig. 9. }

Secondary, they tried to adjust such seismographs to a higher
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Fig. 9. Localities of the permanent and temporary seismic stations where
the seismic observations were made with the highly sensitive seismo-
graphs in the period from 1941 to 1969. Numerals indicate station No.
in Table 8.

magnification and sensitivity by applying the mechano-optical method
without electronic amplification.

In 1954, the writers applied the tele-metering system for seismo-
metrical observation and in 1963 completed the present seismometrical
net of the voleano, as already described.

1) Hypocentral locality of the B type quakes at Asama

Through permanent seismometrical observations and temporary
seismometric surveys during the last 35 years, the following knowledge
concerning the origin and the nature of the B type earthquakes of
Asama was made clear.

The hypocentral localities of the B type quakes concentrate near
the summit crater according to their amplitude distribution and seismic
frequency one on the volcano observed with the same kind of seismo-
graph. More precisely speaking, it can be said that the hypocentral posi-
tions of this kind concentrated mostly nearer than 1km from the center
of the crater in their epicenters and less than 0.5km and 1.0km even
at the deepest of their hypocenters. Since the hypocenters are extremely
shallow and concentrate in and near the summit crater as mentioned
above, it is natural that the amplitudes of quakes attenuate remarkably
according to the epicentral distance or the distance from the crater, as
will be seen in the series of seismograms recorded at distances on the
volcano (Fig. 41 and Fig. 44).

For the reason that the hypocentral depths of the Asama B quakes
are extremely shallow and the surface part of the voleano consists of
various kinds of ejecta including a series of pumice layers, lava flows




Seismometrical Studies of Volcano Asama (1) 261

and pyroclastic layers, the attenuation and decay of seismic waves which
propagate through these loose and complex ejecta, are most remarkable,
especially, on the eastern side of the volecano. It is another feature of
the B quakes that their magnitude or their maximum amplitude did not
exceed 30 micron at the distance of 2.6 km and 10 micron at the distance
of 4.1km, from the center of the crater. As the above problem is
discussed later in the detail, we need only state that the B type earth-
quakes originating not only from Asama, but also from other volcanoes
are of markedly small scale in amplitude as compared with those of the
A type quake and the explosion quake.

On the other hand, the B quakes originating from the active center
such as the active craters of Volecano Asama, Volcano Sakura-zima and
Volcano Kilauea such active volcances being covered with pumices,
scoria and other loose ejecta which were erupted in recent years. On
account of the loose ejecta, the noise level on these volcanoes is generally
very high and prevents us from applying sensitive seismographs higher
than 4000 or 5000 times in displacement magnification for continuous
observation at the earth-surface. Therefore, we have no precise knowl-
edge about the distribution of the initial motion of the B type earth-
quakes, in other words, the initial motions of the B quakes are in most
cases disturbed by ground noise.

2) Frequencies of the Asama B type quakes observed with seismographs
of low magnification.

In order to sketch an outline of the relationship between the fre-
quency of the B quakes and the explosive activity, the problem is dealt
with from the annual seismic frequency and the annual sum of the
kinetic energy of explosive eruption. For the purpose, the writers adopt
here the seismic frequency for the period from 1934 to 1950, observed
with seismographs of low magnification installed at the Observatory.
Strictly speaking, for the above seismometrical observation, the following
two kinds of seismographs were used depending on the period of ob-
servations;

Period Magnification Vl})’; aptelg’éulfﬁg(’d Components
1934-1948 100 5.0 sec Horizontal 2
~ . Horizontal 2
1938-1970 350 1.0sec Vertical 1

From the comparison of observation made by the above two seismo-
graphs, it was made clear that the seismic frequencies made by both
seismographs were not so different from each other, as far as the B




262 T. MINAKAMI et al.

5000} 0
F4000
3000
2000

1000

N Ow

| | ]
0 Ix10%° 2x10%° 3x10%°

——— E

Fig. 10. The annual sum of the kinetic energy of explosive eruptions and
the annual seismic frequency observed at Asama Voleano Observatory.
with the low sensitive seismographs.

1; 1935, 2; 1986, 3; 1937, 4; 1938,
5; 1939, 6; 1941, T; 1942, 8; 1943,
9; 1944, 10; 1946, 11; 1947, 12; 1948,
13; 1949, 14; 1950.

type quakes are concerned.

As will be seen in Fig. 10, that the annual seismic frequencies
during 1934-1950 are closely related with the annual sum of the kinetic
energy of explosive eruptions for the same period. It may be said that
annual seismic frequencies are to some extent proportional to the annual
energy of eruptive activity, the annual seismic frequency observed with
the above-mentioned seismograph at the place during the inactive period
being in a range from 200 to 300. The above relation is approximately
expressed by the following empirical formula;

F=223-+1318E ,

where F': annual seismic frequency,
E: annual energy of eruption (10%*erg).
It will be interesting to investigate or to compare the above relation
with that given by the recent observation with the higher sensitive
seismographs. The annual frequencies of the B quakes at Nakanosawa
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are indicated in Table 8.

Table 8. Annual frequencies of the Asama B quakes at Huzimi-
zaka, Sannotorii and Nakanosawa.

Huzimizaka ‘\ Sannotorii Nakanosawa
1959 — ! 5003 29268
1960 — i 4216 2153
1961 17846 | 16446 5597
1962 16207 ! 13807 3831
1963 8242 ‘ 7709 T 2960
1964 8376 ‘ 7241 1930
1965 10856 9518 3113
1966 9855 ! 9204 4108
1967 17808 16659 7009
1968 15970 | 14373 5180

On the other hand, it has been certified by a number of researchers
that the relationship between the magnitude and the seismic frequency,
or the Ishimoto-lida’s empirical formula, is also applicable to the B type
quakes. According to the result of the investigations, the average
value, 2.8, of the coefficient (m) for the B quakes at Stn. Nakanosawa is
adopted for the present calculation. It is necessary to add here that
the attenuation of the maximum amplitudes of the B quakes depends
on their magnitude, because the smaller the maximum amplitude is, the
shorter the vibration-period is at least statistically. Therefore, the
coefficient (m) at Nakanosawa shows a bigger value for the comparatively
large B quakes than 3.0 and for small ones less than 2.0. The above
value 2.3 for the present case is the average value including all the B
quakes observed at Nakanosawa.

On the basis of the empirical formula concerning the kinetic energy
and seismic frequency given by the low sensitive one, and the Ishimoto-
Tida’s empirical formula, it will be possible to conduct a formula which
represents the relation between the annual seismic frequency and vol-
canic eruption suitable for the higher sensitive seismograph mentioned
above.

The recorders of the above both low and higher seismographs were
used in the smoked paper with 1.0 mm/sec, the response curves being
almost of similar character, though their magnifications were 350 and
4000 respectively for the earthquake-motions, of which the vibrations-
periods were in a range from 0.3sec to l.0sec. The relation of the
total seismic frequencies expected from the observations with the above
two seismographs are given approximately by the following expression;




264 ‘ T. MINAKAMI et al.

leci A~"dA , for the lower magnification seismograph

b
N2=c§ A™"dA , for the higher magnification seismograph

b 350 N,

rrvvel) =22,
a 4000 N,

where N;: frequency of B quakes obtained by the lower magnification
seismograph,
N,: expected frequency of B quakes expected by the higher
magnification seismograph,
a: lower limit of the maximum amplitudes measured by the
lower magnification seismographs,
b: lower limit of the maximum amplitudes measured by the
higher magnification seismographs,
m=2.3
¢: constant
As described above, the ratio (IV,/N,) of the two seismic frequencies
of the B quakes is expected to be nearly 22. Therefore, the empirical
formula concerning the seismic frequency will be applicable to the higher
sensitive seismograph at Nakanosawa station located near the Observatory
ag follows:

N,=4906-+28996 £,

where N,: expected annual seismic frequency,
E: annual kinetic energy of explosive eruption (10% erg).

However, the total kinetic energy of the August-November, 1961
eruptions was estimated at nearly 10®erg and therefore the annual
seismic frequency of the same year is expected to be 7800 from the
above empirical formula. The result of the seismic observation, however,
shows 5597 as the 1961 annual frequency at Nakanosawa as is seen in
Table 8.

With respect to the above slight discrepancy of the two values,
several reasons can be given. First of all, it must be considered that
Volecano Asama had been quite active during the period from 1935 to
1950, in which the seismometrical observation was based on the relation
between the seismic frequency and volcanic activity. Of the above
period, the volcano did not erupt in 1934, 1943, 1946 and 1948, and,
therefore, we assumed the annual seismic frequencies of these four years
as the seismic level of the B quakes in the calm or inactive state of
Asama. ; ‘

As has been made clear, earthquakes originating from volcanoes ni-




Seismometrical Studies of Volcano Asama (1) 265

creased before, during and just after their eruptive activities not only in
Asama but also in a number of other volcanoes. Although no eruption
took place at all in the above four years, we recorded a number of the
B quakes before and after such years. Therefore, it may be required
to determine more precisely whether the Asama’s seismicity in the above
four years was normal as the value of the calm period or not.

On the other hand, Volcano Asama during the period from 1962 to
1969 has not erupted after the minor eruptive activity from August to
November, 1961. It is quite a long time of quiescence of the volcano
in the history of the Asama eruptions. As is seen in Table 8, the annual
seismic frequencies since 1959, which were observed with the higher
sensitive instruments, undulate with a fairly large range between 1930
quakes in 1964 and 7009 ones in 1967, notwithstanding the fact that
no eruption took place during the period. Therefore, the mean annual
seismic frequency, 223, in the inactive period, which was given by the
observation of the low sensitive seismographs, corresponds to 5000 for
the high sensitive one, as described above. However, it will be worthy
of note that the average annual seismic frequency observed with the
high sensitive instruments was 4018 at Nakanosawa in the inactive
period during 1962-1968, and harmonizes fairely well with the expected
value, 4906.

As a result of the comparison of the seismic observations made with
the low and highly sensitive seismographs, the frequency observed at
Nakanosawa with the highly sensitive one was 20-309 less than that
expected from the empirical formula concerning the seismic frequency
and the kinetic energy of eruption, which was given with the seismic
observation with the low sensitive seismographs at the Observatory.
Although the Station Nakanosawa is located near the Observatory, the
geological formations of the above two places on which the seismo-
graphs were set, are very different. The Observatory is built on thick
layers of pumices and fine ashes. On the contrary, Stn. Nakanosawa is
built on hard rock formation consisting of dacite massive lava. As will
be described precisely later, the seismic frequency is closely related with
the ground formations on which the observations are made.

Thus, the seismic observation made with the low magnification
seismograph since 1934 was connected continuously through the Ishimoto-
Tida’s empirical formula with that which has been made with the above-
mentioned highly sensitive one.

7. The monthly and daily frequencies of the B earthquakes

In order to obtain an outline of the development of the Asama B
quakes, the writers represent it in a form of monthly and daily fre-
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quencies observed with the highly sensitive seismographs in the period
from 1957 to 1968. At a glance of the diagram in Fig. 11, the frequency
of B quakes at these stations is closely related with their distances
from the summit crater, that is, the nearer the station is to the crater,
the more the B quakes are observed with the seismographs of the
same sensitivity. It is also shown that the hypocenters of these earth-
quakes concentrate near the summit crater, though the problem con-
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Fig. 11. The monthly seismic frequencies of the B earthquakes at Stns.
Huzimizaka (solid circle), Sannotorii (open circle) and Nakanosawa (double
circle), during 1957-1968.

cerning the hypocentral position will be studied more precisely later.

In the same figure, it is also evident that the B quakes occurred
markedly just before, during and just after the explosive eruptions, as
compared with those in the calm period of the volecano. The relation-
ship between the seismic and eruptive activities is, however, more evident
in their daily frequencies, because the B quakes in some cases predomi-
nated rapidly one or two days before an explosive eruption.

Reviewing the activities of Asama over the last 40 years, it is noted
that the volcano during the last 8 years or, precisely speaking, from
1962 to 1969 has been in the quiescent state of longest period. Therefore,
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an opportunity has been available to study the seismic level in the vol-
canic quiescent state, which is important for making clear the seismic
activity at the pre-eruptive and eruptive stages of the volcano.

For the purpose, the monthly seismic frequencies at the three sta-
tions, Huzimizaka, Sannotorii and Observatory (Nakanosawa) are illus-
trated in Fig. 11, for the period from 1959 to 1968, in which no eruption
took place in the years from 1962 to 1969 and a minor volcanic activity
in 1958, 1959 and 1961 as is seen in Table 5.

As is shown clearly in Fig. 11, the monthly seismic frequencies at
the three places are in the ranges from 275 to 2143, from 175 to 1953
and from 74 to 914 respectively at the calm period of the voleano.
Accordingly, it may be said that the frequency of the B quake undulates
a great deal even at the non-eruptive period of the volcano. However,
it is also absolutely evident that the monthly frequency in the eruptive
period as in August-November, 1961, shows outstandingly a great number
as compared with that at the non-eruptive one.

In order to clarify the problem further, the seismic daily frequency
at the above three stations in the period from 1966 to July 1969 is
illustrated in Fig. 12 (a) and (b).

Although the frequencies at the above three places decrease according
to the distance from the summit crater, that at Nakanosawa shows a
markedly small value as compared with that expected from those at the
other two places. It means that the frequency of the B quakes depends
not only on the distance from the summit crater in which their hypo-
centers concentrate, but also on the nature of geological formations on
which the transducers are placed. More precisely speaking, the trans-
ducers at Huzimizaka and Sannotorii are set on a thick layer of pumice
and those at Nakanosawa are set on a rock bed in a cave dug in the
Hotokeiwa lava formation, an older formation of Asama. It is necessary
to add that the same phenomenon is found also at other stations of
Asama, for example, the transducers at Gippa-yama are set in a cave
on the rocky formation of Gipp-yama, an older formation of Asama.

8. The monthly frequency of the Asama B earthquakes
at the nine permanent stations on the volcano

As already mentioned, a continuous seismic observation has been
made with the tele-metering net-work consisting of nine permanent
stations. The above seismographs are all adjusted to the same magnifica-
tion and the same response to earthquake-motions, more precisely
speaking, 4000 times in the displacement amplitudes for the earthquake-
motions of which the vibration periods are in a range from 0.3sec to
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Table 9(a). The monthly frequencies of the B quakes at each
station in 1965.

Month Fru Fsa Fra Fuo  Fgu Fox Fse Fai Fon
Jan. 837 819 298 313 384 388 823 569 647
Feb. 669 615 278 256 — 344 615 529 —
Mar. 761 702 223 241 — 330 671 539 —
Apr. 1169 984 365 320 — 491 1067 765 —
May 1921 1640 633 625 753 818 1701 1273 —
June 1012 789 298 446 511 539 821 553 547
July 856 716 296 336 420 370 758 524 556
Aug. 727 610 266 238 318 313 641 546 524
Sept. 651 575 253 213 359 327 603 513 521
Oct. 593 540 147 261 415 392 566 513 475
Nov. 724 659 150 347 451 397 673 621 554
Dec. 969 920 492 508 601 520 897 819 807
Station Fuu: Huzimizaka Fsa : Sannotorii Frxa: Nakanosawa

Fro: Hotokeiwa Fxu: Kuromamegawara Fok: Okubozawa

Fse : Sekison-san  Foi: Gippa-yama Fon: Oniosidasi W.

Table 9(b). Ratios of the monthly frequency at each station to
that at Stn. Huzimizaka (from Table 9(a)).

Fru Fox Fse Fai Fon

Fru Fsa Fya Fuo
FHu Fra Fru Fu Fuu

Fiu Fiu Fau Fmu

Freq. ratio
to Huzimizaka| 100 0.88| 0.34| 0.38

Mean
deviation +0.00 { £0.05 | +0.08 i0.07;i0.10 +0.07 | +0.02 | +0.10 | +0.09

0.53 0.49 0.91 0.73 0.73

1.0sec.

For an example of the seismic frequencies of the Asama B quake,
the monthly frequencies at the nine permanent stations of Asama are
shown in the period of 1965 in Table 9(a). Although Voleano Asama
was in a calm state throughout the year of 1965, the seismic frequency
undulated in quite a wide range. As will be seen in Table 9 (a), the
frequencies of May 1965, showed about three times as many as in October
of the same year.

However, the seismic frequencies at the nine stations undulate in
parallel, though they depend on the distance from the summit crater to
each station and on the geological formations on which the stations are
built. In order to further clarify the above problem, the seismic frequencies
at the nine stations are shown in a form of ratios to that at Station
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Fig. 14. Daily frequencies of the B quakes observed at six seismic stations
during July 27-August 24, 1953.

Huzimizaka.

Ags another example, the frequencies of the Asama B quakes in dif-
ferent period are illustrated in Fig. 14 in a form of daily frequency ob-
gserved during July and August 1953 with the mechano-optical seismo-
graphs without any electronic amplifier. The above seismographs were
1.0sec in the period of their pendulum and 5000 times in their mag-
nification on the seismogram, and almost similar in the response curve
to the present seismograph shown in Fig. 4.

9. The seismic frequency according to different
lower limits of trace-amplitude

The seismic frequency of the Asama B quakes observed on various
parts of the volcano with the same kind of seismographs, depends not only
on the distance from the summit crater but also on the nature of geological
formations on which the seismometrical observations were placed.




July 1965.

Seismometrical Studies of Voleano Asama (1) 273

In order to make clearer the meaning of the seismic frequency at
 a number of positions on the volcano, the writers made three kinds of
monthly seismic frequency classified according to the trace amplitude;

1) Frequency read as carefully as possible from the seismograms (¥')
. 2) Frequency picked up larger than 1.0mm in trace-amplitude (F%)
3) Frequency picked up larger than 3.0mm in trace-amplitude (F%)

Table 10. The monthly seismic frequencies at each station during

Fy: frequency read from the seismograms as many as possible.
F»: frequency of 1.0mm and larger than 1.0mm in the trace-amplitude.
Fs: frequency of 3.0mm and larger than 3.0mm in the trace-amplitude.

Huzimi.| Sanno. [Nakano.| Hotok.

Kuroma. | Okubo. | Seki. | Gippa. |Oniosi. W

219 216 758 524 556
161 177 535 235 363
37 36 186 58 95

I 856 716 180 175

Fy 656 558 59 Vil

* Fs 262 196 29 22
Fio
Firy

> \ \ 2
: VAN
¢ ~B
01.5 2I.5 31,5 4I.5 {Km)

— A

Fig. 15. The seismic frequency ratios at
the nine parmanent stations to that
at Stn. Huzimizaka, and the distance

from the summit crater.
solid circle; total seismic frequency.
open circle; seismic frequency larger
than 1.0mm in trace amplitude.
double circle; seismic frequency lar-
ger than 3.0mm in trace-ampli-

tude.

and Nakanosawa ete.

The frequencies of the above
three kinds, F,, F., and F, are
shown in Table 10, for nine
stations, Huzimizaka, Sannotorii,
Nakanosawa, Hotokeiwa, Xuro-
mame-gawara, Okubosawa, Seki-
gson-san, Gippa-yama and Oniosi-
dasi W. Although the relationship
among the three frequencies are
evident in Table 10, it will be
further clarified in Fig. 15, in
whieh the ratios of seismic fre-
quencies at each station to those
at Huzimizaka are illustrated for
the above-mentioned three kinds
of frequency in relation with the
distances from the summit crater
to each station. As made clear
in Fig. 15, according to the dis-
tance, the ratios decrease more
rapidly in F, and F, than in F),
this decrease in ratio being especi-
ally remarkable on the hard rock
formations as at Stn. Gippa-yama
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It will be necessary to know the contents of the seismic frequency
F, read from the seismograms as much as possible without considering
the trace amplitudes. For the purpose, the writers re-examined the
contents of the seismic frequency F, by means of making clear its am-
plitude distribution. As an example, the B earthquakes observed at the
following nine stations during the period of July 1965, were clagsified
into every 0.1mm in their maximum trace amplitude, the result being
shown in Table 11.

As can be seen in Table 11, the maximum trace amplitude in which
the maximum seismic frequency appears, is markedly different at the
respective stations. On the other hand, these maximum frequencies at
each station provided by the present seismic observation, do not indicate
the lower limit of the B earthquakes, judging from the magnification
of the seismographs applied at Asama. This shows the limitation of
reading from the seismograms. Besides the above reason, the distur-
bances caused by noise prevented us from picking up completely the
earthquakes of small size from the records. It is also evident that the
noise level depends remarkably not only on the distances from various
sources of noise but also on the geological formation on which the

Table 11. Frequencies classified into every 0.1 mm in the maxi-
mum trace-amplitudes (July 1-31, 1965).

A Huzimi.| Sanno. [Nakano.| Hotok. | Kuroma. | Okubo. [Sekison. Oniosi. Gippa.
0.1mm 0 0 0 0 0 0 0 0 0
0.2 3 0 0 0 0 0 0 0 0
0.3 3 0 2 0 1 0 0 0 4
0.4 2 1 6 1 0 1 9 4 21
0.5 6 4 21 13 4 6 15 13 54
0.6 18 9 22% 18 4 4 45 33 77*
0.7 24 18 22 23* 9 6 54* 39 42
0.8 32 35 16 13 13 12 42 49 41
0.9 49 47 16 14 15 8 45 50% 37
1.0 61% 63%* 13 8 17* 16* 40 44 28
1.1 45 34 6 10 15 11 34 30 22
1.2 46 47 4 6 ; 17 15 31 28 22
1.3 43 35 4 9 | 13 16 24 19 18
1.4 40 32 6 7 12 8 26 22 14
1.5 29 29 8 7 8 11 28 15 16
1.6 24 23 2 3 9 13 16 16 9
1.7 25 18 3 3 10 6 16 15 2
1.8 24 19 3 5 3 4 15 9 5
1.9 17 12 2 3 6 8 19 8 11
2.0 16 20 1 2 6 7 16 10 6
2.1 14 6 1 2 1 5 11 6 3
2.2 6 13 1 0 2 2 12 8 6

* Maximum frequency at each station.
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stations are established. The seismic observations on the hard rock
formation are usually in an extremely low-noise level and cover up the
small trace amplitude like 0.2-0.5mm as in the stations, Gippa-yama,
Hotoke-iwa and Nakanosawa in Table 11. However, at the same time,
. the amplitudes observed on these hard rock formations are remarkably
reduced on the seismograms as compared with those on the soft or loose
formation such as the pumice layers on which Stations Sannotorii and
Huzimizaka are built.
Therefore, it is reasonable to say that the seismic frequency of the
kind of F, indicates a compensated result to some extent on account of
the above two reasons which act in an opposite sense.

10. Temporary seismometric surveys of Asama

Besides the continuous seismometric observations since 1934, the
. writers made a series of temporary seismic surveys at various places on
the volcano. Since 1949, the writers applied to their purpose the highly
sengitive seismographs adjusted to 4000-5000 times in instrumental mag-
nification, these being almost similar in response character with the
present seismographs. In the period from 1949 to 1955, the mechano-
optical seismographs were used for getting the high magnification, the
vibration-period of the pendulum being 1.0sec. In the period from 1956
to 1957, seismometric observations were carried out with the transducers
of 1.0sec in vibration-period connected directly with the sensitive gal-
vanometers of 0.3sec in period. In 1958, temporary observations were
transferred to permanent ones and the present net-work was partly esta-
blished, though temporary observations have been still made for special
purposes.
In order to obtain useful information about the hypocentral depth
. of the B quakes, transducers were set inside the ancient crater, on the
central cone of Maekake-yama and on the margin of the summit crater
in summer in 1954-1957. According to the result of the seismic observa-
tions, the seismic frequencies on the central cone and inside the old
crater were not so very different from those of Stations Higasimaekake-

Table 12. Results of the temporary observations.

(1) The temporary seismic observation during
July 24-Aug. 24, 1952.

F: The seismic frequency during the period.

Station Gippa. l Sanno. l Nakano. ‘ Oniosi. E. Ohina.

F 87 | 42 | 161 \ 202 6
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(2) The temporary seismic observation during
: July 27-Aug. 24, 1953.

Station Gippa. Sanno. Nakano. Oniosi. E. Kurohu. Tinotaki

F 1123 1532 494 808 887 557

(3) The temporary seismic observation during
July 24-Aug. 25, 1954,

Station Gippa. Sanno. ‘Nakano. Oniosi. E.| Kurohu. | Huzimi. Maeka.

F 2598 3023 { 243 1512 2840 3607 3260

(4) The temporary seismic observation during
July 28-Sept. 2, 1955.

Station Sanno. Nakano. l Oniosi. E. Kurohu. Hotok. ‘ Higasi.

F 912 408 { 411 757 581 | 1645

(5) The temporary seismic observation during
July 31-Aug. 81, 1956.

Station ’ Sanno. ' Nakano. Higasi. Maek. kako Gyozya.

F ‘ 186 I 60 272 245 112

(6) The temporary seismic observation during
July 31-Aug. 30, 1957.

Station Sanno. Nakano. Higasi. Sanzen. Maek.

F 392 114 417 (378) (350)

yama and Huzimizaka. In other words, almost the same frequency of
the B earthquakes of Asama were observed on places within 1.0km
from the center of the crater, with the same seismographs.

In Table 12, the results of temporary seismometrical surveys in the
period 1952-57, are shown in the total frequency of the B quakes at
each station.

11. The frequency of the B quakes in the active
and inactive periods of Asama

It will be important to investigate precisely variations of the seismic
frequency at the same station in the calm period of the volcano, in
order to make clear the anomalous feature of the seismic frequency, if
any, in its active period. We have a lot of questions about the B quakes;
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whether their hypocentral area stands still through the calm and active
states of Asama or becomes enlarged according to volcanic activity or
not, whether their hypocentral depths move upward and downward or
not and whether the seismic magnitude and frequency are always in a
constant relation at their origin or change in accordance with voleanic
activity or not.

The relationship between the 1958-59 and 1961 eruptive activities
and the respective annual seismic frequencies was not so evident for
the reason that these activities including very small eruptions lasted for
only a few months. However, it must be remarked that the above re-
lation is remarkably clear in the form of the monthly frequency of the
B quakes, which is represented in Fig. 11 for the three stations.

As mentioned in the previous paragraphs, the B quakes increased
their frequency not only in the midst of eruptive activity but also in a
few months before and just after explosive activity. In order to make
clear statistically the above phenomenon, the histogram about the month-
ly seismic frequencies are represented in Fig. 16 in the calm and active
periods of the volcano, though the above relation is more evident in the
comparisons of the daily seismic frequency.

In order to obtain information useful for making clear the shift of
the hypocentral area, the ratios of the seismic frequencies at Sannotorii
(Fs) and Nakanosawa (Fy) to those at Huzimizaka (Fy) and the ratio
of those at Nakanosawa to Sannotorii are made for every year and for
every month on the basis of the comparison of seismic frequencies at

20
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Fig. 16. The histogram of the monthly seismic frequency at Stn. Huzimi-
zaka. ‘
arrow; volcanically active month.
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Fig. 17. Comparison of the monthly seismic frequencies at Stns. Huzimi-
zaka and Sannotorii during the period from July 1961 to December 1968.
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Fig. 18. Comparison of the monthly seismiec frequencies at Stns. Huzimi-
zaka and Nakanosawa.
double circle; eruptive state of Asama.

the three stations (H, S and N). The ratios of the annual frequency,
Fs/Fy and Fy/F, are in a range from 0.86 to 0.94 and from 0.28 to
0.42 respectively. On the other hand, the monthly frequency ratios
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Fy/F, and Fy/F, distribute mainly from 0.85 to 0.95 and from 0.25 to
0.45 respectively.

As mentioned above, the frequency ratios between Huzimizaka and
Nakanosawa change remarkably in the active period, though those
between Huzimizaka and Sannotorii do not change much throughout the
calm and active periods of the volecano. It is especially worthy of note
that the seismic frequency at Nakanosawa does not always change pro-
portionally with those at the other two stations in the active period of
the volcano, notwithstanding the fact that the B quakes increase re-
markably at the other two stations. According to careful examinations
of the seismograms at the above three stations, the comparatively small
B quakes at the active period increase markedly in the earlier stage of
their active period much more than in the calm period of the volcano,
and in addition their hypocenters moved toward the crater floor and
become shallower in the statistical average than in the calm period,
judging from the attenuation of the amplitude of the B quakes.

Therefore, not only the frequency of the B quakes of Asama increase
remarkably in its active period, but also the center of hypocentral domain

Table 13. Monthly frequencies (F) of the Asama B quakes.
(1957-1968)

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.

1957

Fui — — — — — 11208 | 1121 616 540 390 495 533
Fsa — — — — — | 1320 | 1167 592 496 382 667 562
Fra — e — — — | 460 | 290 190 188 — 239 154
1958

Fui 712 | 537 | 643 — | 407 | 358 | 453 | 1227 | 2760 | 16507 — —
Fsa 659 | 175 — — | 344 | 266 | 400 | 1345 | 2561 | 14337 — —
Fxa 149 84| 109 — | 125 110| 127 144 275 | 1621 | 2075 | 2502
1959

Fui — — — e — — — 618 697 440 306

Fsa | 1759 | 1700 | 902 | 696 | 532 | 619 | 1150 982 687 785 511 306
Fra 405 | 374 | 379 | 344 | 208 ° 157 @ 300 194 133 183 73 108

1960
Fui 320 | 429 | 275 | 278 | 393 | 323 614 — — — — —

Fsa 320 | 442 | 274 | 282 379 | 414 | 624 694 942 461 491 418

Fra 165 | 206 | 113 — | 149 2101 180 173 224 166 165 135
1961

Fuu 612 — | 370 — — — | 929 | 1974 | 2262 | 4541 | 5816 —
Fsa 523 — — — — — | 813| 1854 | 1979 | 4133 | 5479 —
Fxe 116 — — — — — 1 331 406 398 | 1883 | 2043 —

(to be continued)
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Table 13. (continued)

Jan. | Feb. | Mar. | Apr. | May Jun.’Jul. ’Aug. Sept. | Oct. | Nov. | Dec.

1962
Fru 856 | 1052 | 1253 | 1557 | 1265 | 1807 | 1516 | 1950 | 1294 | 1720 11683 774

Fsa 790 | 939 | 1088 | 1283 | 1043 | 1432 | 1278 | 1499 | 1172 | 1502 | 1078 703
Fra 74| 153 | 201 | 308 | 310 | 435 | 383 429 341 488 352 267

1963
Fru 781 | 874 | 805 | 1026 | 952 | 608 | 394 393 670 651 593 545

Fsa 689 | 846 | 784 | 980 | 860 | 546 | 354 382 598 602 545 523
Fra 269 | 414 | 359 444 | 298| 129 | 121 131 179 213 219 184
1964
Firo 397 | 263 | 1867 | 395 | 310 295 | 281 552 | 1760 807 541 908
Fs, 377 | 250 | 1728 | 371 | 278 | 259 | 255 435 | 1334 648 481 825
Fra 116 — | 587 - — — — — 256 157 118 156

Fiin 887 | 669 | 761 | 1169 | 1921 | 1012 | 836 727 651 593 724 969
Fsa 819 | 615| 702 | 984 | 1640 | 789 | 716 610 575 540 659 920
Fya 298 | 278 | 221 | 365 | 633 | 298| 296 266 253 147 150 492

Fru 682 565 | 875 520 | 545 | 721 | 824 677 639 | 1144 882 | 1781
Fsa 666 | 564 | 870 | 487 487 | 686, 1709 631 556 | 1040 809 | 1699
Fra 439 | 243 | 280 | 247 218 | 298 | 366 266 232 486 336 722

1967
Fro | 1062 | 1104 | 1157 | 1275 | 1856 | 1801 | 1985 | 2143 | 1522 | 1350 | 1141 | 1412

Fsa 994 | 1060 | 1073 | 1238 | 1792 | 1710 | 1841 | 1953 | 1364 | 1227 | 1089 | 1318
Fra 374 | 486 | 460 | 450 | 739 | 706 | 957 914 499 472 425 528

1968
Fau | 1574 | 1616 | 1666 | 1665 | 1542 | 1425 | 928 896 | 1453 | 1220 | 1000 984

Fsa | 1490 | 1531 | 1426 | 1368 | 1432 | 1166 | 767 745 | 1409 | 1149 933 957
Fxa 454 | 544 | 549 | 569 | 494 | 444 | 377 308 543 402 239 278

Station Fm: Higasi-maekake Fru: Huzimizaka
Fsa: Sannotorii Fya: Nakanosawa

shifts near the earth’s surface, though only slightly.

The seismic monthly frequencies at Stn. Huzimizaka (Higasi-maekake,
1957-1960), Sannotorii and Nakanosawa are represented in Tables 13~
15, during the period from 1957 to 1968. These three Tables are for
the three kinds of seismic frequency, F), F, and F, respectively ag de-
fined in Paragraph 9.

It is necessary to add that a series of shock type earthquakes took
place just before and during the eruptive period, the epicentral area of
the B quakes enlarging in the active stage of the volcano to some ex-
tent. As an example of the shock type quakes, the seismograms are
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Monthly frequencies (F},) of the Asama B quakes whose

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.
1957
Fai — —| —| —=| — 1178|1012 | 564| 539 | 390 | 49| 532
Fe —| —| —1 —1 —| 89| 555 | 421| 264 225| 370 | 406
Fra - = —=| —| ~1| 4| 24| 47| 3| —| 107 5
1958
Fui | 664 | 391 | 342 | — | 269 | 245| 395 | 1196 | 2475 | 15584 | — | —
Feo | 445| 142| — | — | 211| 187| 802 | 1100 | 2226 | — — —
Fra 31| 25| 28 —| 33| 38| 54| 44| 54| 1240 — —
1959
Fui - = = = = = = —| 549| 633 398| 29
Feo | 1439 | 1477 | 844 | 682 | 495! 560 | 1019 | 845, 537 | 619| 402 | 263
Fxo | 128| 119| 88| 124| 62| 39| 92| 66, 31| 37| 21| 20
1960 |
Fii | 309 | 421 | 266 | 270 | 287 316 | 575 — - — — —
F. | 258 | 373| 196 | 219| 297 853 480 | 440| 586 | 389 | 407| 353
Fra 31| 22| 8| —| 190 18| 34| 39| 3| 29| 22| 25
1961 |
Fau | 600 — | 28| —| — i —| 880 1937| 2220 | 4507 | 5803 —
Fo | 429 —| —| —| —! —| 68| 1471| 1482 3923 | 5373 | —
Fra %) —| —| —| —! —\| 1| 176} 179| 1765 1982 | —
1962
Fuoe | 773 | 976 | 1124 | 1273 | 1026 | 1538 | 1309 | 1851 | 1213 | 1461 | 1045 | 717
Feo | T19| 795| 821 | 845 | 657 877 | 748 | 897 | 922 1174 | 897 | 573
Fra 60| 88| 107| 89| 104| 164 | 145| 125| 96| 119| 59| 27
11963
Fro | 639 | 7840 719| 890 88| 561 | 358 | 349 | 611 622| 576 | 525
Feo | 498 | 619| 586 | 724 | 636 | 371 | 279 | 316 | 489 | 517| 462 | 417
Fra 17| 33| 41| 6| 3| 7. 15 13| 10 16 8| 10
1964
Fau | 366 | 245 |1780 | 378 | 278 | 275 238 | 459 | 1581 | 693 436| 813
Fs=o | 300 2190|1581 | 381 | 221 219 217 | 385 | 1273 | 565 | 417 759
Fra 0] —| 245 —| — —| —| —| 1| 60| 49| 58
1965
Fue | 773 614 | 681 | 1015 | 1788 | 854 | 700 | T711| 624 | 591 719| 961
Fs. | 681 | 492 | 596 | 849 | 1479 | 695 | 557 | 539 | 421| 48| 625| 890
Fxa | 128 105| 78| 149| 151| 54| 64| 174| 129| 52| 78| 217
1966
Fao | 674 | 545 | 856 | 520 | 543 | 709 | 819| 673| 636 | 1181 | 842 | 1657
Fea | 631| 446 | 722| 476 | 483 | 668 | 675| 611| 549 | 1010 | 750 | 1630
Fxa | 217| 48| 103| 108| 48| 93| 111| 74| 65| 170| 100 | 249

(to be continued)
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Table 14. (continued)

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Deec. -
1967
Fru 960 | 979 | 1011 | 1174 | 1768 | 1695 | 1859 | 1979 | 1892 | 1265 | 1114 | 1356 .
Fsa 908 | 919 | 961 | 1075 | 1582 | 1529 | 1684 | 1777 | 1231 ! 1148 | 1025 | 1138
Fra 131 | 139 ] 144 97| 204 | 141 | 396 328 147 228 241 321
1968
Fae | 1479 | 1507 | 1278 | 1327 | 1450 | 1360 | 853 877 | 1308 | 1123 952 047
Fsa 1311 | 1330 | 960 | 725 | 1246 | 896 | 660 593 | 1161 | 1030 883 914
Fxa 210 | 175 62 97 | 141 | 125 69 34 313 270 57 72

Station Fui: Higasi-maekake Fuu: Huzimizaka

Table 15. Monthly frequencies (F%) of the Asama B quakes whose .
maximum amplitudes are larger than 8.0 mm. (1957-1968)

Fs.: Sannotorii

Fna: Nakanosawa

1
| Jan.

Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.

1957 |
Fui ! —| —| —| —| —| 660 434| 320| 338| 251| 3811| 266
Feo ' —| —| —| —| —| 163 114| 170 93 79 78 79
Fxa = —| —| —| —| —1| 2/ 12 14 4 — 2% 14

|
1958 |
Fiu } 517 235! 200 — | 181] 1821 337| 701! 1372 11602 — —
Feo @ 191) 64| —| — ' 7| 54 138| 394 770 8000 - —
Fxa } 4, 6| 14| —| 11 70 12 21 14| 1175 — —
1959 ! .
Fri - = = =] =] = = — | 175| 197| 117| 118
Fsa 445 | 506 | 235 | 284 | 193 | 196! 400 | 276 | 118 128 65 37
Fra 27 41 9| 41| 22| 12. 31 19 9 1 9 6 .
1960
Fui | 153 | 182 | 106 | 101 | 82| 157 193 — — — — —
Fa 31 41| 18| 28| 74| 64 126 115 149 57 70 70
Fra 3 2 0| — 6 5 7 19 12 13 10 6
1961 |
Fuo | 284 —| 120 —| —| — 590 1092 | 1061 | 3831 | 5340 —
Fsa | 132 —| —| —| —| — 391| 669| 577| 3761 | 4987 —
Fre I 2 —| —| —| —| — 83 59 19| 1680 | 1938 —
1962
Fuo | 219 3837 | 401| 875 | 363 | 641 551 | 1443| 433 | 451 | 321| 158
Fsa 175 | 182 | 183 | 153 | 158 | 288 140 | 274| =210 304| 237 1929
Fra 32| 25| 22| 16| 45| 88 8 47 28 45 14 12

(to be continued)
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Table 15. (continued)

Jan. | Feb. | Mar. | Apr. May’Jun.‘Jul. Aug. | Sept. | Oct. | Nov. | Dec.

1963
Fre 170 | 253 | 186 | 241 | 238 195 | 162 118 223 257 236 97

Fsa 68 | 115 89| 136 | 106 3 69 81 107 134 110 39
Fra 6 9 8 16 10 4 8 11 3 5 1 2

1964
Fru 57 61| 946 | 258 | 123 | 145 136 152 426 158 131 182

Fsa 33 49 | 652 | 125 46 78 66 132 408 120 111 121
Fra 0 — 62 — — — — — 11 7 2 6

1965
Fru 319 | 241 | 244 387 | 547 | 221 243 393 329 398 437 629

Fsa 2261 149 | 180 | 251 | 359 | 180 | 151 248 124 147 267 456
Fra 25 11 6 9 47 3 9 39 17 2 0 29

1966
Fru 400 | 175 | 281 298| 260 | 403, 437 429 274 537 256 480

Fsa 274 89| 135 | 138 | 101 | 295 | 214 227 196 364 133 474
Fra 54 3 25 10 3 47 21 4 12 27 37 14

1967
Fru 267 | 240 | 292 | 338 | 640 | 665| 854 754 447 458 381 318

Fsa 271 | 148 ) 259 | 191 | 419 | 466 | 578 435 289 306 291 173
Fra 7 4 17 1 21 5| 119 19 1 22 8 10

1968
Fru 359 | 412 | 272 349 | 440 671 | 326 477 488 387 385 582

Fsa 189 | 262 | 235 66| 451 | 279 | 378 202 305 349 417 222
Fra 7 8 1 17 29 27 1 15 81 46 -9 1

Station PFumi: Higasi-maekake Fuu: Huzimizaka
Fsa: Sannotorii Fxa: Nakanosawa

illustrated in Fig. 41.

Since the B quakes of the shock type consist of rapid vibrations,
the attenuation acting on the earthquake-motions is most remarkable in
propagation through the extremely heterogeneous hard formations of the
volecano. For the above reason, these earthquakes were not recorded
with the seismographs located at places further than 3.0km from the
summit crater. Therefore, the seismic frequency observed at these distant
stations in the earlier stage of the eruptive periods did not always
harmonize with that expected from the results of seismic observations
made at the nearer stations.

12. The A type earthquakes of Asama

As already mentioned, the A type quakes have not often taken
place since 1934. Therefore, it may be said that the seismic features
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of Asama for the last thirty five years were very different from those in.
period 1908-1913. However, a few A quakes were observed with the
low sensitive seismograph in the 1935-1942 and 1958 activities.

Two quakes of A type were successively recorded with a low sensitive.
seismograph at Asama and Komoro Observatories and at the Oiwake
Weather Station, on November 10, 1958, at about 20h 10m. After nearly
one hour of the above earthquakes, a furious explosive eruption occurred
causing serious damage to glass-panes and doors of houses at the base
of the volcano on account of strong air shocks.!®

According to the result of observations, the values of S-P for one of
the above A quakes were 1.2sec at Asama Volcano Observatory, 1.2sec
at Oiwake Weather Station and 2.3 sec at Komoro Geochemical Laboratory
respectively.

If the distance coefficient is assumed as 5.0, the hypocentral position
can be placed at 2km south of the summit crater and about 4km in

its depth.

N According to seismic ob-
servation with the present highly
sensitive seismographs, a few
percent of the Asama earth-

quakes even at the inactive
period can be classified as the
A type.

As an example, the geo-
graphical distribution of the
Asama A earthquakes is illus-
trated in Fig. 19, for the earth-
x quakes which took place mainly
Qé\“‘ in Nov.~Dec. 1961, a minor
I ;j eruptive period and on July 6,
1965, the calm period, of the
volcano. P and S phases in the
,— Bauakes seismograms of these earth-

W
"/\_";,;Qgé\/\—f quakes were observable. As a re-
, aON

Te e, & —— °  sult, their hypocentral positions
o, TThaukes T \ere given on the basis of S-P

— observed with the present seismic

e net. As illustrated in Fig. 19,

The h t \ distributi . the epicentral area occupies

Fig. 19. e hypocentral distribution o PR .

the Asama A earthquakes in Nov.~Deec. within 1.6km of the radius
1961 and July 6, 1965. from the center of the crater,

14) S. SAKUMA, loc. cit., 11).
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Table 16(1). The Asama A earthquakes on November 7, 1961.
Time i Hypo. Dist.
Stn. 2 Stn.8 | Stn. 10 | Stn. 4 epth | coefl.
h m s sec sec | cer vee km i
14 55 50 3.8 | 4.2 3.2 2.8 | 2.2
15 55 35 1.9 2.2 2.8 2.9 25 | 3.0
18 53 50 2.3 2.8 2.6 1.8 1o 27
19 14 30 1.9 2.4 2.3 1.7 1.2 | 3.0
20 06 25 2.6 2.3 3.6 2.3 26 29
21 56 20 2.5 2.6 3.0 2.5 3.2 | 3.2
21 57 40 2.7 3.1 3.1 3.1 3.5 | 3.0
21 58 35 3.2 3.5 3.2 2.3 2.7 3.0
22 15 30 2.9 3.3 3.3 3.4 40 3.0
22 16 20 1.8 2.0 2.6 1.8 1.1 ‘ 2.9
22 22 50 1.9 2.3 2.3 1.7 0.9 | 3.0
22 50 20 1.8 2.2 2.7 2.4 1.6 | 2.7
22 54 10 1.6 2.0 2.4 2.0 1.3 } 2.9
Table 16(2). The Asama A earthquakes on December 5, 1961.
S-P [
. Hyvpo. Dist.
Time
Stn. 1 Stn. 3 \ Stn. 8 | Stn. 10 depth ccefl.
h m sec cer sec sec km
05 44 20 1.5 2.6 l 1.7 16 3.2
Table 16(3). The Asama A earthquakes on July 6, 1965.
- . S-P Hypo. Dist.
Time depth coeff
Stn. 7 ’ Stn. 5 | Stn. 1~ Stn. 2 | Stn. 10| Stn. 4 :
> h m sec sec sec ‘e sec cec km
05 44 2.5 1.6 - 2.6 2.6 1.4 2.5
06 42 2.0 l 1.9 2.1 — — 1.1 1.1 2.5

and their hypocentral depths are in a range from 0.9km to 4.0 km.

In Table 16 (1)-(8), date and time, S-P, hypocentral depth etc. are
represented for the mentioned A earthquakes.

The above earthquakes, especially, in the calm period of the voleano
were on a small scale, their maximum amplitude being in a range from
30 micron to 5 micron near the epicenter.

Although the Asama earthquakes observed during the last thirty
five years consisted mainly of the B type, a few percents of the A
quakes originating from the volcano. It is necessary to remark that a
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series of the A quakes took place just before strong explosive eruptions.
Since the present seismometrical net work does not yvet completely cover
an eruptive period, it will be reasonably expected to have a lot of
new informations with respect to the development of seismic activity
at the deep part of the volcano in a new voleanic activity.

13. The geographical distribution of the seismic
frequency of the B quakes on Volcano Asama

Besides the seismic observation with the present net-work, the
writers made temporary seismic observations at a number of places on
Volcano Asama with various methods. However, as mentioned already,
the seismographs used for the purpose were almost similar in instrumental
response and magnification. Throughout the periods of seismic observa-
tion since 1950, the writers made observations at Stations Sannotorii and
Nakanosawa. On the other hand, the Asama earthquakes consist mainly
of the B type which concentrate at the summit crater and originate from
extremely shallow places. Therefore, the seismic frequency at each
station depends remarkably on the distance from the summit crater or
the center of the epicentral area which is within 0.5-1.0km from the
center of the crater floor.

It is needless to mention that besides the epicentral distance the
seismic frequency at each station is seriously affected by the geological
formation and the noise-level of respective places on which the seismom-
etrical stations are built.

If the hypocentral positions and the nature of earthquake motions
of the B quake have not changed markedly during the permanent and
temporary seismic observations, the ratio of the seismic frequency ob-
served at each station to the total frequency at the summit crater must
be nearly constant throughout the period mentioned above.

According to the seismometrical surveys on the central cone and
near the summit crater during July-August, 1954-1957, the seismic fre-
quencies of the B quake observed nearer than 1.0km from the center
of the crater floor, showed almost similar values, though the seismic
frequency at the place of more than 2km distant depends remarkably
on the distance from the summit crater.

1) The seismic frequencies at mine stations on Asama during January-
December 1965 "

The seismic frequencies of the Asama B quakes observed at the nine
permanent stations are given in a form of the monthly sum in Table
9 (a), their ratios to the frequency at Huzimizaka also being given in
the same Table 9 (b).
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As will be seen in the above Table, the monthly seismic frequencies
observed at the nine stations change in parallel with one another though
their absolute frequencies are very different at the respective stations,
depending remarkably on the distance from the summit erater and on
the nature of the geological formations under the stations.

In order to show the problem, more precisely the seismic frequencies
of the nine permanent stations are illustrated in Fig. 13 in a form of
the daily frequency.

In order to examine a shift of the hypocentral position of the B
quakes during the year 1965, if any, the monthly seismic frequencies
at the nine stations were compared with those at Stn. Huzimizaka.
For that purpose, the frequency ratios of monthly frequencies at the
_nine stations to those at Stn. Huzimizaka were made every month in
1965. As a result of the comparisons of these frequency ratios, the
values of the ratios at respective stations did not change markedly
throughout the year, as will be seen in Table 9 (a), (b), in which the
fluctuation of the seismie frequency ratio are shown by means of the
average deviation of the ratio at each station.

Judging from the above investigations, the B earthquakes of Asama
did not shift their hypocentral positions statistically in the period of
1965, when Volecano Asama was in a quiescent state.

According to the results of the same investigations since 1954, the
B earthquakes took place on and near the summit crater, more precisely
within 1km from the center of the crater, their depths being in a
range from the earth’s surface to 0.7~0.8km at their deepest.

From a comparison of the seismic frequency ratios in the active
and inactive stages of the voleano, it can be said that the B quakes in
the earlier stage of the eruptive period of the volecano increased in fre-
quency, moreover, their hypocentral positions shifted slightly toward
the surface of the summit crater.

2) The geographical distribution of the seismic frequency ratio

Since the hypocentral positions of the B quakes have stood still in
average throughout the years, it is possible to study the problem by
means of the seismic frequency ratio, based not only on the result of
the present seismometrical observation, but also on those observations
made in different periods already mentioned.

In a series of seismometrical surveys made on various parts of the
volcano during the period from 1954 to 1960 and in the present seismo-
metrical net also, the seismic observations have always been made at

Stn. Sannotorii, Stn. Huzimizaka and Stn. Nakanosawa as the standard
stations for comparison.
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Therefore, it is reasonable that the seismic frequencies observed at
a number of places in different periods are evaluated by taking the ratios
of the seismic frequencies at these stations to those at the standard
stations, in order to study the geographical distribution of the seismic
level of the B quakes. In Table 17, the above-mentioned frequency
ratios of 20 places on Asama are shown with the distances from the
summit crater or the average epicentral distances.

As a first step to the study of the geographical distribution of the
seismic level of B quake, the writers investigated the relationship of a
series of frequency ratios with the distances of observed places from the
summit crater, and as a result, the following relation was given:

R(F)=1.24xe™* ... (1) .

Table 17. The B seismic frequencies observed on various geolo-
gical formations and their relation to the distance from the
summit crater.

Fy: seismic frequency at Stn. 1 (Huzimizaka),

F, : seismic frequency at each station,

Ru(F)=Fn/Fx,

R.(F)

O0R.(F'): anomalous value in the seismic frequency.

: estimated value given from the empirical formula (1),

Stn. No. Place Distance .Fn/FH(Rn) R.(F) ORW(F)=Ry,—R.
1 Huzimizaka 1.7 1.00 0.78 +0.32
2 Sannotorii 2.6 0.86 0.61 +0.25
3 Nakanosawa 4.1 0.32 0.41 —0.09
4 Gippa-yama 2.4 0.66 0.66 0.00
5 Oniosidasi W. 2.8 0.78 0.68 +0.05
7 Sekison-san 2.0 0.91 0.72 +0.19
8 Hotokeiwa 3.3 0.38 0.51 —0.13
9 Okubosawa 3.7 0.49 0.46 +0.03
10 Kuromame. D. 3.3 0.53 0.51 +0.02
11 Tutuzigahara 7.0 0.27 0.19 +0.08
13 Kurohu-yama 1.6 0.67 0.80 —0.13
14 Hotokeiwa U. 2.0 0.54 0.72 —0.18
16 Tinotaki 4.2 0.31 0.40 —0.09
18 Gyozyamodosi 3.3 0.52 0.51 +0.01
19 Higasi-maekake 0.9 1.29 0.97 +0.32
20 Oniosidasi E. 4.4 0.40 0.38 +0.02
22 Sanzenton-iwa 0.2 0.98 — —

23 Maekake-Kako 0.5 1.14 — —
24 Maekake-yama 0.8 1.90 — —
28 Siraitonotaki I1 5.8 1.19 0.26 —0.07
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The anomaly of the seismic frequency which is defined with the dif-
ference between the observed frequency ratio (R,(F')) and the one (R.(F))
estimated from the above empirical formula (1) is given in Table 17.

Since it is clear that the anomaly of the seismic frequency is closely
related with the nature of the geological formations under the stations,
the above relation according to the epicentral distance is separately

Table 18. The anomalies of seismic frequency at stations on the
loose ejecta located mainly at the eastern side of Asama.

R.F: estimated value given from the empirical formula (2).

Stn. No. Place Ru(F) R.(F) dRn(F)
1 Huzimizaka 1.29 1.23 +0.06
2 Sannotorii 0.86 0.73 +0.13
7 Sekison-san 0.91 0.87 +0.04
9 Okubosawa 0.40 0.42 —0.02

10 Kuromame. D. 0.53 0.58 —0.06
11 Tutuzigahara 0.27 0.19 +0.08
18 Gyozyamodosi 0.52 0.59 —0.07
19 Higasi-Maekake 1.29 1.23 +0.06
20 Oniosidasi E. 0.40 0.42 —0.02
28 Siraitonotaki IT 0.19 0.27 —0.08
1.5
(2)
R(F)
o
1.5
R(F) d
1.0~
0.5
0 1 1 1
0] 2 4 6
%

_— A {Km)

-~ A (Km)

Fig. 20. Relation between the seismic Fig. 21. Relations between the seismic
frequency ratios and the distance from frequency ratios on different geological
the summit crater. formations and the distance from the

summit crater.
open circle; loose formation,
solid circle; hard formation.
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Table 19. The anomalies of seismic frequency at stations on
hard formations located mainly on the western side and the
southern flank of the volcano.

R.(F): estimated value given from the empirical formula (3)

Stn. No. Place Ry (F) R.(F") ORW(F)
3 Nakanosawa 0.32 0.38 —0.06
4 Gippa-yama 0.69 0.55 +0.14
5 Oniosidasi W. 0.73 0.56 +0.17
8 Hotokeiwa 0.38 0.45 —0.07
13 Kurohu-yama 0.67 0.65 +0.02
14 Hotokeiwa U. 0.54 0.60 —0.06
16 Tinotaki 0.31 0.37 —0.06
22 Sanzenton-iwa 0.98 0.87 +0.11

a._..Ash, lapilli, and block
b_._Lava flows with minor pyroclastics

c

....Lava flow
d.._ Welded deposit of essential ash, lapilli, and block

€.__.Ash,lapilli, block; mostly pumiceous

f_...Massive lava dome

g-...Loose deposit ofessential ash, lapilli, and block
h__._Essential tuff breccia, lava flows, and tuff
i ....Recent pumices and fine ejecta

Fig. 22. Anomalies of the seismic frequencies of the B quakes observed on
different geological formations of Volecano Asama.

(Compiled from the geological map made by S. Aramaki).
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studied for two groups of the stations. The one group consists of
stations built on loose ejecta including a series of historical pumices and
ashes located mainly on the eastern side of the volecano, and the other
those which are situated mainly on hard rock formations of the old
Asama, including Kurohu and Hotokeiwa volcanoes located at the west
side and south flank of the voleano, according to the geological map
made by S. Aramaki®.
For the first group, the following relation was obtained.

R.(F)=1.61xe™ ... (2),
for the second, the following relation was conducted,
R, (F)=0.91xe"** ... (3).

In Tables 18 and 19, the anomalies of the seismic frequency are
represented for the respective stations of the two groups.

As will be seen in Tables 18, 19 and Fig. 21, of the stations be-
longing to the first group, the seismic frequencies on the thin loose
ejecta upon the hard formation as well as those of Stn. Okubosawa,
Kuromame D and Gyozyamodosi show an intermediate value.

It is worthy of note that the geographical distribution of the above
frequency ratio reflects clearly the nature of the geological formations
near the earth’s surface.

14. The geographical distribution of the maximum
amplitudes of the B quakes on Volcano Asama

The writers described in the previous paragraphs the remarkable
attenuation of seismic frequency of the Asama B quakes in the relation
with the distance from the summit crater.

It is beyond doubt that the reduction of seismic frequencies in
the above case is caused by the notable attenuation of amplitude ac-
cording to the distance from the summit crater to each seismic station.

In order to elucidate directly the attenuation of amplitude, the rela-
tionship between the maximum amplitudes of the B quakes and the dis-
tance from the summit crater were studied at the 11 stations. For the
purpose, the maximum amplitudes of the B quakes which took place
during 1st-31st July 1965, and during November 1969-January 1970,
were precisely investigated on the basis of the seismograms at nine
stations for the former period and eleven stations for the latter.

For convenience, the above relation was studied by the ratios of the
maximum amplitudes at each station to that at Station Huzimizaka as
well as in the case of the distribution of the seismic frequency.

15) S. ARAMAKI, loc. cit., 5).
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Fig. 23. Comparison of the maximum trace-amplitudes at Stns. Sekison-san
and Gippa-yama with those at Stn. Huzimizaka.

(mm)
15+
O ° o
AN) AS) .
10 L i
° ! N 1 i 1
10 15 20 {mm)

= A(H)

Fig. 24. Comparison of the maximum trace-amplitudes at Stns. Sannotorii
and Nakanosawa with those at Stn. Huzimizaka.
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Fig. 25. Comparison of the maximum trace-amplitudes at Stns. Oniosidasi W.
and Hotoke-iwa with those at Stn. Huzimizaka.

1) The distribution of the maximum amplitudes for the B quakes
during July 1965, and from November 1969-January 1970

The maximum amplitudes at the nine places on the volcano were
read for the B earthquakes, and the ratios of the maximum amplitudes
at the respective stations to those at Stn. Huzimizaka were made for a
great number of the B quakes.

The mean values of the amplitude ratios for the nine stations are
shown in Table 20 in the periods from 1st to 31st July, 1965, and for the
eleven stations in the period from November 29, 1969 to January 8, 1970.

In order to investigate the geographical distribution of the ampli-
tude of the B quakes and the

pattern of attenuation according

to the distance from the summit R !0 o

crater, the relation with respect

to the distance was given as the L

following empirical formula 0.5 ‘

which is the same form as in the o . o

cage of the seismic frequency: : . (a)
R.(4)=0.59xe" . (4) % z 2 3 5

Ag can be seen in Fig. 26,
the amplitude of the B quakes is
much more vitally related with
the nature of the geological for-

—_— A

(Km)

Fig. 26. Relation between the amplitude
ratios and the distance from the summit

crater.
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Table 20. The ratios of the maximum amplitudes of the B quakes
observed at various distances to that at Stn. Huzimizaka.

R.(A): The amplitude ratio given by the observations,
Ry(A): The amplitude ratio expected from the empirical formula (4),
4: Distance from the center of the summit crater.

IR(A)=
Stn. No. Place 4 R.(4) R.(4) Bu(A)—Ro(A)
km .
1 Huzimizaka 1.7 0.45 1.00 +0.55
2 Sannotorii 2.6 0.39 0.62 +0.23
3 Nakanosawa | 4.1 0.31 0.12 —0.19
4 Gippa-yama 2.4 0.40 0.31 —0.09
5 Oniosidasi W. 2.3 0.41 0.42 J -+0.01
|

7 Sekison-san 2.0 0.43 0.68 | +0.25
8 Hotokeiwa 3.3 0.35 0.15 ‘ —0.20
9 Okubozawa 3.7 0.33 0.28 —0.05
10 Kuromame. D. 3.3 0.35 0.25 |’ —0.10
11 Tutuzigahara | 7.0 0.20 0.31 +0.11
26 Siraitonotaki IT 5.8 0.24 0.30 +0.06

mation than in the case of the seismic frequency distribution.

It is required to subtract the attenuation according to the pro-
pagating distance, in order to make clearer the effect from the nature
of the geological formation on which observations were made, though
the amplitude distribution is not so simple as can be expressed by the

above-mentioned simple relation.

The stations which show a remarkable positive anomaly of amplitude

Ria) 101 °

0.5

—— A (Km)

Fig. 27. Relations between the amplitude
ratio at each station and the distance
from the summit crater.

open circle; pumice and lapilli layer,
solid circle; old Asama formations con-
sisting mainly of lavas.

are all situated on pumice and
loose ejecta. On the contrary,
the stations which indicate a
large negative anomaly are
located on hard rocks of the old
Agama formations.

Since the geographical dis-
tribution of amplitude ratio is
considerably affected by the
nature of the geological forma-
tion of the volcano, the relation
between the amplitude and the
epicentral distance is given for
the two groups .of stations, in
which the one situated on the
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loose ejecta and the other on the hard rock formations as in the case of
the geographical distribution of the seismic frequency.

Q.--- Ash, lapilli, and block

b_...Lava flows with minor pyroclastics

C....Lava flow

d..... Welded deposit of essential ash, lapilli,and block
e____Ash, lapilli, block; mostly pumiceous

f._._Massive lava dome

g.-..Loose deposit of essential ash, lapilli, and block
h..._.Essential tuff breccia, lava flows, and tuff

i _.._Recent pumices and fine ejecta

Fig. 28. Anomalies of the amplitude of the B quakes on different geological
formations of Volcano Asama.
(Compiled from the geological map made by S. Aramaki).

Table 21(1). The anomalies of the amplitude ratios on the loose
formations on Asama. '

R.(A4): estimated value given from the empirical formula (5).

Stn. No. Place R.(4) R.(A) GR(A)
1 Huzimizaka ’ 1.00 0.70 +0.30

2 Sannotorii 0.62 0.58 +0.04

7 Sekison-san 0.68 0.66 +0.02

9 Okubosawa 0.28 0.47 —0.19

11 Tutuzigahara 0.31 0.25 +0.06

28 Siraitonotaki II 0.30 0.31 —0.01
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The relations of the amplitude and epicentral distance are given
separately for the loose and hard geological formations of Asama as
follows:

R,(A4)=0.98xe™"*™... (5),
for the loose formation on the eastern side of the volecano,

R.(A)=1.63xe"% ... (6),

for the hard formation of the old Asama.

In Tables 21(1) and (2), the values of the anomalous amplitude ratios
on the volecano are given for both the loose and hard formations re-
spectively.

Table 21(2). The anomalies of the amplitude ratios on the hard
formations on Asama.

R.(A): estimated value given from the empirical formula (6).

Stn. No. Place R.(4) R.(4) dR(A)
3 Nakanosawa 0.12 0.12 0.00
4 Gippa-yama 0.31 0.35 —0.04
5 Oniosidasi W. 0.42 0.37 +0.05
8 Hotokeiwa 0.15 0.20 —0.05
10 Kuromame. D. 0.25 0.20 +0.05

Since the relation between the amplitude and distance from the
origin was made clear and the instrumental responses of seismographs
of the Asama net are almost similar with that of Wood-Anderson’s
seismograph, it is possible to estimate the magnitude of the B quakes
from Asama, in accordance with Richter’s definition. ‘

According to seismometrical observations made for quite a long time
at Huzimizaka and Sannotorii, the double trace amplitudes of B quakes,
recorded with the seismographs of 4000 magnification and 1.0 sec in vibra-
tion-period of pendulums, were smaller than 150 mm or 1.5 x 10° micron
and mostly smaller than 50 mm or 5x10* micron.

If the empirical relation (4) between the amplitude and distance is
extended to 100km distant, the magnitude of the Asama B quakes can
be given as about —3.0 for the largest one and mostly in a range from
—4.0 to —86.0.

However, the B quakes from volcanoes vary much in magnitude and
hypocentral depth from those of other earthquakes. Therefore, it may be
reasonable to establish another magnitude and another energy scale for
the B quakes, independent of the ready made magnitude scales.
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15. The anomalous distributions of seismic frequency and
amplitude on different geological formations

As outlined in the previous paragraphs, the seismic frequencies of the
B quakes and their maximum amplitudes depend not only on the distance
from the summit crater, but also remarkably on the nature of the
geological formations on which the seismic observations were made.

It is also natural that these two anomalies originating from the
nature of the formations are closely connected with each other, at least
qualitatively.

On the other hand, the seismic frequencies as many as possible of
which were picked up from the seismograms independently of their am-
plitudes, is remarkably dependent of the noise-level at each station.
On the hard rocky formations like the old Asama formations, including
those at Kurohu-yama and Hotokeiwa, the seismic amplitudes are re-
markably reduced as compared with those on the loose formations con-
sisting of pumice layers, ash and other pyroclastic ejecta located mainly
at the eastern gide of the voleano. v

However, the seismic frequency on the hard formations is reduced
on account of the attenuation of amplitude for micro-earthquakes, but
is increased on account of the lower noise-level, as compared with that
on the loose formations. As a result, the seismic frequencies on the
different geological formations are compensated to some extent but not
perfectly on account of the above contrary reasons.

In order to show the relation between the two anomalies of fre-

SRIF)
03T
0.21 ©
~
0.l
e O
} 0 ! : t } }
-0.2 0.1 0.2 03 04 05 SR(A)
o
o -o.l
©
_O‘2>

Fig. 29. Relations between the anomalies of the amplitude and seismic
frequency. ‘
JR(F'); anomaly of frequency ratio,
oR(A); anomaly of amplitude ratio,
solid circle: anomalous value on the hard formations,
open circle: anomalous value on the loose formations.
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quency and amplitude, the anomalous values of the seismic frequency
given from the empirical formula (1) and those of the amplitude given
from that at (4) are compared in Fig. 29.

The two kinds of anomalies are closely related and approximately con-
nected in the linear relation, as being expressed in the following formula:

OR(¥F)=0.024+0.48-0R(A)--+(7) ,

where OJR(F): anomaly of seismic frequency ratio,
0R(A): anomaly of amplitude ratio.

It ig also worthy of note that both the seismic frequency and am-
plitude ratio indicate a positive anomaly on the loose geological forma-
tions.

The anomalous distributions of seismic frequency and amplitude
ratio of the B quakes are illustrated in Figs. 22 and 28, together with
the geological map made by S. Aramaki'®. From these figures, it will
be noted that the anomalies described above show an evident contrast
on the western and eastern sides of the voleano, of which the former
side consists of the old Asama formation and the other the newly erupted
pumice and fine ejecta.

16. Resumeé

The report on the result of seismic observations of Volcano Asama
which have been made since 1934 is described in a condensed form. In
addition, the writers refer in the report to a number of problems con-
cerning earthquakes of voleano origin and the dynamical mechanism of
volcanic eruptions, which are required to be studied more precisely in
future.

In concluding the report, the writers wish to express their hearty
thanks to a number of persons who cooperated in the seismometrical
observations and researches of Volcano Asama over a long period of
thirty six years.

Especially, the writers wish to thank Mr. Teiiti Utibori, Mr. K.
Iwama, Mr. S. Sakuma and Mr. K. Mogi who cooperated not only in
the improvements of seismic observations but also in laborious works for
operating and executing practical observations. The writers’ thanks are
also extended to Miss T. Takahachi, Mise K. Ito, Miss K. Fujii, Miss
H. Terao, Miss K. Kurosaki, Miss F. Kobayashi, Mr. T. Kawamura, Mr.
E. Koyama and Mr. F. Masutani, for their hard work in examining a
great number of seismograms.

It is needless to say that the present report could not have been
completed without their cooperative help.

16) S. ARAMAKI, loc. cit., 15).
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Fig. 30. Asama Volcano Observatory.
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Fig. 33. Twenty-four-elements electromagnetic oscillograph connecting with
transducers, crystal clock and J.J.Y. time signal.
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Fig. 34. The distributing board of cables and transmission wires connecting
the seismograph recorders in the Observatory with transducers at each
station.

Fig. 35. Ishimoto's seismographs and the recorder for the transducers of
5.0 sec in vibration-period, set at Stn. Nakanosawa.
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Fig. 37. The explosion earthquake at 20h 17m on September 15, 1961, observed

with the low sensitive seismographs at Asama Voleano Observatory.
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Fig. 38. The explosion earthquake on June 11, 1955, observed with the low
sensitive seismograph at Asama Volcano Observatory.
P: P wave, Z: air shock.
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Fig. 39. Voleanic tremors of continuous train and the B quakes on Decem-
ber 5, 1958, the active period of Volcano Asama.
(upper: recorded at 21h, below: recorded at 17-20h.)
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Fig. 40. A series of the B quakes observed at the two stations on November
9, 1958 (upper) and December 26, 1958 (below).




[T. MINAKAMI et al.] [Bull. Earthqg. Res. Inst., Vol. 48, Pl. 16]
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Fig. 41. The Asama B earthquakes observed at Sannotorii and Nakanosawa on February
12, 1959, showing the remarkable attenuation of their amplitudes.
(left: recorded at Oh 44m 30s, right: recorded at Oh 58m 20s.)
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IT. MINAKAMI et al.]

Fig. 45. The seismograms recorded
periods of the transducers are

on June 27, 1969, 35°56’, 13931/,

(Bull. Earthq. Res. Inst., Vol. 48, Pl. 20]

with the seismographs of which the
adjusted to 5.0sec. (The earthquake
90 km.)




