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Since the first Nozori explosion of 14th, Nov. 1954, observation areas
of our Research Group for Explosion Seismology have been shifted from
Téhoku District to Kwantd District. Since then, we have observed seismic
waves due to six explosions in Kwanté District. The first and the second
Nozori explosions and the first Hokota explosion were observed to obtain
information about the crustal structure of the northern Kwant6 District.
Temporary observation stations were spread nearly in the direction N
120° E—N 60° W, i.e. on the line joining Nozori and Hokota shot points.
A description of the three explosions is given.

1. Description of Explosions.

In order to get blocks of rock necessary for the construction of a
rock-fill dam near Lake Nozori, in the northern part of Gunma Prefec-
ture, explosions of dynamite were fired many times. We took advantage
of two explosions of comparatively large amounts of dynamite for our
study. We call them the first and the second Nozori explosions. Topo-
graphic features near these shot points are shown in Fig. 1.

The amount of charge of the first explosion was 3.70 tons and
the second one was 1.55 tons. Shot times were generally registered
directly on the oscillograph. But in the second Nozori explosion an
instrumental disorder prevented direct registration. Fortunately we
registered at the same time ground tremors and sound waves of the
detonation on a magnetic tape recorder placed near the shot point.
Furthermore, the air temperature at the shot time was observed.
From these data, we estimated the shot time of the second Nozori
explosion as 01 h 05m:00.291 sec.
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Fig. 1. Topographical map near shot points of the first and second Nozori explosions.

I, II: the first and the second shot points. 11 entrance of tunnel.
-—--: high water level. (A), (B), +--: charge chamber.
——: tunnel.

The first Hokota explosion was planned to obtain more precise
knowledge of the crustal structure in the northern Kwantd District.
This explosion forms the reverse explosion to the Nozori explosions.
A shot position was selected in Taiyo-village, Ibaraki Prefecture. Six
holes 70m deep were located at five apexes and the centre of equi-
lateral pentagon which was inscribed in a circle with 7 m radius. Holes
were charged with dynamite from the bottom to 20 m below the ground
level and the rest were filled with muddy water. They were blasted
simultaneously. Shot time was directly registered on the oscillograph. The
amount of charge was one ton in total. The latitude, longitude, height
of shot points, amount of charge and shot time of the three explosions
are tabulated in Table 1.

Table 1

Name of Location of shot point Amount

Explosion Shot Time

0
2 ) H Charge

Nozori 1 | 138°38/35.2""E | 36°42/58.2"N | 1526 m | 3.70 ton 1954611\}110\6?5351’00 865 s

. ° ° 1955, Aug. 15,
Nozori II | 138°37/59.2" | 36°42'51.8” | 1606 | 1.5 b
Hokota I | 140°33/39.6”" | 36°08'19.8" 41 1.0 1956, Dec. 5,

01h 05m 00.200s

2. Description of Observations.

In total, 33 temporary observation stations were spread nearly in
the N 120° E-N 60° W direction along the line joining Nozori and
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Fig. 2. Shot points and seismic observation stations for the Hokota and Nozori
explosions.
x: Shot point ©: Observation point

Hokota shot points. They are shown in Fig. 2. The place names®,
latitude, longitude, height, epicentral distance and azimuth of observa-
tion stations, type of seismometers and name of observers are tabulated
in Table 2. Each station was equipped generally with electromagnetic
transducers with amplifiers. But near-by stations made observations
without any amplifier. The sensitivity of the transducer was 1-5 volts/
kine. The output of the amplifier was connected with a galvanometer
of a short proper period. By the combination of a transducer-amplifier-
galvanometer, we were able to reach displacement magnification of 10°-
107 at 8c/s. Satisfactory seismograms were obtained at almost all sta-
tions. They are shown in Fig. 7.

Measurements of the commencement of the first wave were made
by several persons independently and a value was adopted only when
satisfactory agreement was found. The running speed of the recording
paper was 3 cm/sec or more and minute and second marks were registered
on the oscillograph paper directly from the JJY radio time signal. There-
fore, the accuracy of determination of the arrival time of first tremors
is at least 0.1 sec. even in less favourable cases.

Geographical coordinates of shot and observation points were deter-

* In the romanization of place names the Japanese system is adopted instead of the
Hepburn system, for example, ti for chi, tu for tsu, etc.
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Table
Name of Reference| Observation "
}2;2:118' Number point 1 ¢ " 6»
N1 1| S pos 188°38/35.27E | 36°4258.2' N 1520m
N 2 1 o ! ! 1606 |N83°~113°E
N1 2 Sima 47 44.6 37 44.6 518 124°45'E
N 2 2 " 47 46.4 37 50.8 516 122 28
N1 3 Sawatariguti 47 42.5 36 22.9 446 131 53
N 2 4 Nakanozyo 51 9.8 35 17.0 358 125 31
N1 5 Takayama 57 41.2 37 28.6 552 109 39
N2 6 Ikaho 55 38.0 | 30 00.7 641 132 05
N1 7 Ogo 13909453 | 25392 191 | 124 34
N2 | 8 Omama 17 45.8 ; 27 26.0 253 115 41
N2 9 Kiryd 23 2.5 26 56.8 178 113 39
N1 10 i Asikaga | 30 12.5 , 19 00.5 36 117 55
N 1 11 Totigi i 42 36.9 | 21 38.2 49 112 26
N 2 12 Oya | 4930.1 | 3525.9 152 97 21
N1 13 Tukuba 140 06 39.9 J 12 38.6 286 113 05
N 2 13/ r ” j ” ” 112 52
N 2 14 i Kakioka 11 28.1 13 45.6 32 111 05
N1 15 Matusiro 138 12 23.6 32 22.4 383 243 21
|
H1 16 Sh(ﬁolf{%it‘g 140 33 39.6 | 3608 19.8 g NILOOE
v ' 17 | Tomoegawa 2900.1 | 0920.8 17 N 7457w
v 18 Tamari 20 14.3 | 09 34.8 22 83 27
" 137 Tukuba 06 39.9 ’ 12 38.6 286 ‘ 78 51
" 19 | Yiki 139 52 40.6 | 17 32.4 33 | 7430
” 117 | Totigi j 43243 22 06.2 4 ' 7118
" 10” ' Asikaga ‘ 0125 19 00.5 36 78 16
" 7 Ogo : 09 45.3 | 25 39.2 191 75 42
» 20 |Sibukawa 113859385 | 29317 261 74 26
| Agatuma ! 48 55.2 33 51.6 508 73 13
oo 22  Hanasiki ! 3837.4 38 44.9 852 71 54
ro 2 | Yamanouti 24 17.2 45 16.8 478 70 32
r 115" Matusiro 12 23.6 32 22.4 383 78 07
v | 24 | Sekiyama 16 47.6 ; 54 55.2 458 | 6708
» 125 | Omati ' 137 49 50.6 | 33 45.4 861 = 79 08
Survey
1) N1....the first Nozori explosion.
N2....the second Nozori explosion.
H1....the first Hokota explosion.
2) Azimuth of observation points measured clockwise from the north,
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2
4 Electro-magnetic Observers
Seismometer
0.00 3V5 Murauchg, Asanuma M
0~0.80 3V4 M%@‘gﬂb Asanuma, Honda, Omote, Matuzawa,
16.57 P-11 Yamazaki, Saitd, Daikubara
17.21 3v3 Kobayashi (K), Saitd
18.22 2V1, 2H2 Mikumo, Otsuka, Tanaka
24.05 3vi Shima, Sibano
30.18 3v2 Shima, Sibano, Yanagisawa
35.39 3v3, 3H2 Suzuki, Mine )
56.43 3v2 Suyehiro, Ogawa, Usami
65.75 3v2 Ogawa, Usami
73.29 3Vv2 Asano, Yanagisawa
88.86 3v2 Kasahara, Kobayashi (K), Komaki
103.34 N.D. 3V1, 3V2, 3H2 Matsumoto (T), Karakams
107.37 N.D. 3V1, 3V1 ” r
142,99 N.D. 3V1, 3Vv2 Santd, Shimazu, Tazima
” 1H1, N.D. 3V1 Asada, Tazime, Akamatu
149.56 N.D. 3V1, 3V1 Hori, Matsumoto (E)
43.53 1H1, 3V1 Utsu, Hisamoto

Matuzawa, Tazime, Kaneko, Kawashima, Otaki,

0~1.24 73 (E.T.L.), 7V3 Hirasawa, Asanuma, Okamura

'7.24 3V1, 15V2, 2H2 Okano, Kamo

20.26 2V1, 2H2, Strain meter Mikumo, Otsuka

41.26 1H1, 3Vv2 Akamatu, Karakama

63.73 3V1, 3v2 Tamaki, Kitamura

79.46 7V12 (E.T.L.) Noritomi, Ueda, Shibata

97.10 3Vv2, 2H1 Wada, Muramatsu

129.64 N.D. 3V1, 3V1 Takagi, Nakamura

146.06 N.D. 3V1, 3V1 Utsu, Usami

163.63 N.D. 3V1, 3H1 Suzuki, Mine

180.91 N.D. 3V1, 3V1 Den, Tsunekawa

205.01 N.D. 3V1, 3V3 Asano, Yanagisawa

215.94 N.D. 3V1 Suyehiro

221.72 N.D. 3V1 Sima, Sibano

249.60 | Asada, Kobayashi (T), Takeuchi
Okada

3) For example, 3V5 means tt;at five vertical transducers with natural frequency
3c¢/s. were used.
N.D. means transducer with high senstivity (5 volts/kine).
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Table 3. Arrival time of tremors at three explosions

Name

Ref.

Observation

P.U.

of Expl.| No. points 4 0.5 ﬁ + | Number | D—shot |P—4/6—shot
N1 1 Nozori 96.5m PU. 1 00.036 sec
506.2 2 0.718
770.6 3 0.299
N 2 1/ ” 0.00 0.00
N1 2 Sima
N2 2! ” 17.21km | 3.43sec 03.14 0. 27 sec
N1 3 Sawatariguti 18.22 4.20 03. 33 0.29
N 2 4 Nakanozyd 24.05 4.80 04. 51 0.50
N1 5 Takayama 30.18 6.65 05.78 0.75
N 2 6 Ikaho 35.39 6.79 P.U A 06. 50 0.60
N1 7 Ogo 56.43 11.17 10. 30 0,90
N2 8 Omama 65.75 11.73 11.44 0.48
N 2 9 Kirya 73.29 12.94 12,65 0.44
N1 10 Asikaga 88.86 16. 18 15.31 0.49
N1 11 Totigi 103.34 18.58 17.71 0.49
N 2 12 Oya 107.37 18.81 18.52 0. 62
N1 13 Tukuba 142. 99 24.60 23.73 -0.10
N2 13/ r ”
N2 14 Kakioka 149.56 25.13 24.84 -0.09
N1 15 Matusiro 43.53 8.785 07.92 0. 665
H1 16 Hokota 0.0 0.20 0.00 0.00
" 17 Tomoegawa 7.24 2.51 2.30 1.10
" 18 Tamari 20. 26 4.78 4.57 1.19
” 13’7 | Tukuba 41.26 8.08 7.87 0.99
” 19 Yiki 63.73 12.61 12.40 1.78
” 117 | Totigi 79. 46 14.57 14.36 1.13
” 10" | Asikaga 97.10 16.97 . 16.76 0.58
” 7! | Ogo 129.64 22.43 22.22 0.62
4 20 Sibukawa 146.06 25.00 24.80 0.45
" 21 Agatuma 163.63 27.23 27.00 ~0.27
" 22 Hanasiki 180. 91 28.86 28.65 —1.50
” 23 Yamanouti 205.01 31.8 31.60 —2.57
v 15" | Matusiro 215.94 34.12 33.91 —2.08
” 24 Sekiyama 221.72
” 25 Omati 249.60 38.68 38.47 -3.13
Shot time N1: 1954, Nov. 14th, 01h 05m 00.865 sec.
N2: 1955, Aug. 16th, 01 h 05m 00.291 sec.
H1: 1956, Dec. 5th, 01h 05m 00.208 sec.
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Fig. 3. Travel time graph of seismic waves from the Nozori and Hokota explosions.
(: the first Nozori explosion. x: The second Nozori explosion.

®: the first Hokota explosion.

mined by the method based upon triangulation, by which we were able
to keep errors of latitude and longitude within 0.3”. Therefore errors
in epicentral distances were estimated to be less than 10 meters.
Arrival times of P waves and epicentral distances are tabulated in
Table 8. They are also shown in Tig. 38, in which all data of three
explosions except near-by stations are plotted. In order to visualize
deviations from a general trend of travel times, P—4/6 was taken
as the ordinate, and the same data as in Fig. 3 are plotted in Fig. 4.
From a slight inspection of Fig. 4, it is found that a travel time curve
with an apparent velocity of 5.5 km/sec, passing through stations near
the shot point of Nozori explosions and that with an apparent velocity
of 7.7 km/sec., passing through distant stations of the Hokota explosion
are plausibly acceptable, but as to the apparent velocity and the extension
of a travel time curve which passes through stations between 70-130 km
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from Hokota, some uncertainty is left for future investigations.

Fig. 5, 6, Table 4, 5, and 6 are the results of near-by points.
Seismic waves produced by a small blast fired several days before the
first Nozori explosion were observed near the shot point in order to
determine the wave velocity in the layer near the surface. The velo-
city is obtained as 3.00 km/sec by the method of least squares using
the data in Table 5. But the velocity obtained from observations of
the first Nozori explosion at near-by points is 2.7 km/sec. We adopt
the latter value as the velocity in the surface layer near the Nozori
station. :

Table 4 Table 6**
o1h Osm.4| P shot 4 §é§ﬁi§£’ o1h O5m.4| P—shot 4
Shot point | 00.865 Shot 0.205 sec Om
Pick-up 1 901 | 00.036 96.5m 1 0
v 2| 01.044 178 | 506.2 2 .365 0.160 188
r 3 .165 299 | 770.6 3 .523 .318 471
- 4 .637 432 676
5 724 .519 840
Table 5* 6 .839 .634 1090
Pick up P it ) 7 .972 767 1240
position *¥* By the method of least squares, we
(0) 0.000 sec 0.00 m have
1 .039 76.7 £—0.2584—3— .
2 .056 155.2 L7
3 .077 248.6
4 .138 403.9 From the observations at near-
5 .202 570.0 by stations of the Hokota explo-
6 .512 1454.4 sion, the velocity in the surface
* By the method of least squares, we  1ayer was found to be 1.79 km/sec
get by the method of least squares
t=0.0003374(meter)+-0.00448 sec using the data in Table 6. From

V=3.00 km/sec. these results, we consider that a

surface layer with the P-wave velocity of 1.79 km/sec and one with
the P-wave velocity of 2.7 km/sec lie respectively near the Hokota and
the Nozori shot points.

Crustal structures inferred from data in Part I will be given in
the second part of this paper.
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Fig. 7. (1) Seismogram obtained at Nozori in the first Nozori explosion.
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Fig. 7. (16) Seismogram obtained at Matusiro in the first Nozori explosion.
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Fig. 7. (24) Seismogram obtained at Asikaga in the first Hokota explosion.
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Fig. 7. (25) Seismogram ubtdmul at (l\_i_,_fo in the first Hokota explosion

Fig. 7. (26) Seismogram obtained at Sibukawa in the first Hokota explosion.

(28)

Seismogram obtained at Hanasiki in the first Hokota explosion.
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