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Part 1. Explosions and Seismic Observations.

By The Research Group for Explosion Seismology.
(Read July 14, 1964.—Received July ‘30, 1964.)

1. Introduction

Since November 1961, the Research Group for Explosion Seismology
has carried out three blasts of about one ton explosives at the sites of
Siunzi town, Annaka city and Kawazu town. Seismic waves from the
explosions were observed at temporary stations systematically spread
along longitudinal line 139°E on which the three shot points were
located. Our aim was to obtain precise information about the crustal
structure in the boundary region which geologically divides Japan into
northeastern and southwestern parts. At the time of the Annaka
explosion, seismic waves from a natural earthquake which occurred near
Miyake-zima about one minute before the scheduled shot time were
observed by the observation network.

An outline of the explosion-seismic observations and the observed
data as well as those of the Miyake-zima earthquake will be given in
the following. In addition, observed data on the earthquake obtained
at routine stations of the Japan Meteorological Agency (J.M.A.) and

those of the Siunzi explosion obtained by Dr. H. Kawasumi and others
will also be given. ; ‘

2. Description of explosions

The three shots were carried out only for the purpose of observing
seismic waves. The sandy beach of the Japan Sea coast at Siunzi town,
Niigata Prefecture, was chosen as the site of the first explosion, where
17 blast holes, each 4 inches in diameter and 40m deep, were drilled
and 1.5 tons of explosives charged in.

In the second explosion, about 0.78 ton of explosives were filled in
7 Dblast holes, each 4 inches in diameter and 50 m deep, drilled in farmland
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in the suburban area of Annaka city, Gumma Prefecture.

The third explosion was planned as the reverse shot of the first
one. The shot point was the innermost part of a dead pit of a gold
mine at Kawazu town, Sizuoka Prefecture, being located at the south-
ernmost part of Izu Peninsula, where about 1.5 tons of dynamite were

concentrated.

Table 1. Location and geology near shot point, shot
time, amount of charge and the number of tem-
porary stations for the three explosions.

Shot point Latitude (N) | Longitude (E) | Height (m) Shot time
SIUNZI ' 38°01740.17 139°17/31.9” —-15 1961, Nov. 10, 01*07=00.691s
ANNAKA 36°17/35.8"7 138°5306.5" 206 1962, Sept. 7, 01:07=00.217s
KAWAZU 34°43/57.0"" 138°59/31.8/7 159 1963, Mar. 21, 01*07=00.313s
Shot point Amoun};tgrfl) charge Geologgo?fgr shot Number of observation points
Near shot point: 7
SIUNZI 1.503 Sand Southern profile: 15
Near shot point: 5
ANNAKA 0.78 Mudstone Northern profile: 4
Southern profile: 10
. Near shot point: 38
KAWAZU 1.5 Tuff brececia Northern profile: 13
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Fig. 1(a).
Fig. 1(b).
cross mark: flare bomb.

Topographic map near Siunzi shot point.
Details of blast hole system for Siunzi explosion.

Fig. 1(b)

Solid ecircle: geophone.
Open circle: blast hole.
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Tig. 2(a). Topographic map near Annaka shot point. Solid circle: geophone. Broken
line rectangle: blast hole area.

Tig. 2(b). Details of blast hole system. Solid circle: geophone (up hole). Open
circle: blast hole.

Fig. 3(a). Topographic map near Kawazu shot point. Solid circle: geophone.

Fig. 8(b). Details of blast chamber.

In each explosion, the electric blasting caps were attached directly
to all dynamite charges in the blast holes and pit in order to fire
simultaneously. The shot time was directly registered on the oscillogram.
The location of shot point, shot time, amount of charge, geological con-
dition near the shot point and number of temporary stations are tabulated
in Table 1. The topography near the shot points and distribution of
blast holes and setup of abandoned gold mine are shown in Figs. 1-3.
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3. Outline of observations

The temporary observation stations, 52, in total, were ‘spread
mainly along longitudinal line 139°E as shown in Fig. 4. The routine
observation stations of J.M. A. Where"seismic waves from the Miyake-
zima earthquake were observed are also given ‘in .Fig..4. Name of each

f temporary station, geographical location, epicéntral - dlstance, azimuth
relative to the shot point measured from' due north as well as instru-
ments employed and name of observers are tabulated in Tables 2-4.

The geographical coordinates of the shot pomts , observation stations

and epicentral distances are. determmed by the method based .on; *trian-
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Fig. 4. Distribution of observation stations. Notations corre-
spond to those in Tables 2, 3, 4 and 8.
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gulation. As in past experiments of this kind, electromagnetic geophone
with proper frequency 3c/s, amplifier and electromagnetic oscillograph
were employed at most of the stations. The JJY radio time signal
relayed by the Nihon Hosd Kyodkai (NHK) was registered directly on
the oscillograms. At a few stations magnetic tape recording systems
were used. .

4., Observed results

In the Siunzi explosion, satisfactory records were obtained at most
of the stations, while at the time of the Annaka explosion the initial
motion of the artificial seimic wave was disturbed at stations in the
southern profile by a natural earthquake which occurred about one
minute before the scheduled shot time in the area of the earthquake
swarm having followed the great eruption of the Miyake-zima volcano
on Aug. 24, 1962. Waves from this earthquake were also recorded at
stations in the northern profile. Data of this earthquake obtained at
J. M. A. routine stations as well as that at temporary stations was used
in determining the epicenter.

In the Kawazu explosion, the blast was not so effective as expected
and the background noise were largely excited by snow-melting. These
circumstances are the reason why we could not observe the initial motion
at northern stations.

The seismograms are shown in Fig. 5. The records were read in-
dependently by several members of the Group and the arrival times of
various phases were adopted as valid when satisfactory agreements were
found after discussion. For the sake of convenience, the adopted values
were classified into the following four grades according to their accuracy.

a: At<0.02 sec
b: 0.02<4t=<0.05 sec
c: 0.05<4t<0.10 sec
d: 0.10<4t

Adopted values of the arrival time of the initial and remarkable
later phases, its accuracy and direction of initial motion are tablated in
Tables 5-9 for each explosion and the Miyake-zima earthquake. Travel
time graphs are shown in Figs. 6-9.

In order to obtain information about the superficial layer near the
shot point, several geophones were installed within about 1km distance
from the shot point for each explosion. The observed data is shown in
Tables 10-12 and Figs. 10-12.
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Fig. 10. Travel time graph near the shot point of Siunzi explosion.
Fig. 11. Travel time graph near the shot point of Annaka explosion.
Fig. 12. Travel time graph near the shot point of Kawazu explosion.

Crustal structure in the profile along longitudinal line 139°E, derived
from the above-mentioned data will be discussed in Part 2 of this paper
under the same title.”

As to the romanization of station name, the Japanese system was
adopted except J.M. A. routine stations which were expressed by Hepburn
system as J.M. A. usually does. Confusion in romanizing station name
in Fig. 5 were left unchanged, since they are direct photographic copies
from the original records.

1) H. HoTTA et al., Bull. Earthq. Res. Inst., 42 (1964), 533-541.
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Table 5. Epicentral distance, arrival and travel times
of P waves for Siunzi explosion.

. Di- P,—0 P.—0
Observation 2 ~ |Accu-P1—0O| ! , |[Pe—O| 2
point 4 (km) | (ec) ﬁfn racy | (sec) | (goc) | (S€C) | (seC) (sé’clgi Remarks
l | l Shot
S11 | SIUNZI 0. 000‘ 0.691 — — | 0.000. 0.00 point
S2 | NAKAURA . 13.326‘ 5.12| U | a |4.43 |[+2.21
s4 | SIMOTAKA-" | 49.80011.38| U | b [10.69 +2.39
S5 | MATUO 72. 678’15 16, U a 14.47 |+2.36 15._311 14.62 +2.51]
S6 | YUNOTANI 93.41717.67| U b [16.98 {+1.41] 17.72 17.03+1.46
S7 | IKAZAWA 113.763|20.95 D a [20.26 |4+1.30
S8 | YUZAWA 129. 374‘23 61| U | a [22.92 |+1.36 24.00‘ 23.31 +1.75‘
S9 | NIIHARU 152.00126.88 | U | a [26.19 |+0.86 27.28‘ 26.59 +1.26‘
S10 | ZINDA 178. 871'30 88| D a 180.19 14+0.38 31.33| 30.64 +0.831
S11 | SIMOKUBO 211.839‘35.26 U c 184.57 |—0.74 35.741 35. 05‘—0 23I
a
S12 | OTAKI 235. 313|37 .98 Q d [87.29 \—1.93 39. 24 38.55—0. 67‘ ground
noise
S13 | NIPPARA 244. 430‘40 67 U b 139.98 (—0.76; 40. 73 40. 04:i —0. 70‘
S14 | DOSI 281.101l46.15 D | b 145.46 —1.39‘ 46.35 45. 66‘ 1. 19‘
S15| YAMAKITA | 288. 064l48 1| 9 d '47.42 |—0.59 45. 59 44.90 —3.11 grgund
noise
S16 | MATSUSHIRO| 187. 870‘32 .0 D — 181.30 | 0.00 32. 3 31.6 |+0 3
Table 6. Epicentral distance, arrival and travel times
of P waves for Annaka explosion.
: T Di- Pi—0
Observation 21 Accu- P,—O| ! _ P —
point 4 ) | (see) | T | racy ‘\ (sec) (sé’é? P \P—0 —24/6 Remarks
A1l | MUIKAMATI |85.468 [15.11| U | d 14.89;+0.64 16.00 15.78+1.53
A3 | NIIHARU 44.196 | 8.82| U | b 8.60|+1.23
A4 | NAKANOJO 32.201 {6.82| D | b 6.60+1.23
A5 | ZINDA 21.767 | 5.33| D | a | 5.11 +1.48. Shot
A6 | ANNAKA 0.000 | 0.217 0.00, 0.00 point
AT | AKIHATA 10.935 | 2.76 | U a 2.5414-0.72
A8 | SIMOKUBO 22.010 [ 4.55 | U - a 4.33+0.66
A9 | ARAKAWA |36.511|7.38| U | ¢ | 7.16/+1.07
A 100 NIPPARA 53.637 | 9.88| D [ 9.66+0.72|
A11 UENOHARA | 75.696 [13.76 | D b 13.54'+0.92
A 12 DOSI 87.536 115.45 | 9 d | 15.23+0.64
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Table 7. Epicentral distance, arrival time of P waves for the

earthquake which occurred near Miyake-zima. Epicentre
was assumed to be at 34°06'N, 139°26'E.
Observation | Direc- | Accu- | P,—4/6 P:—4/6
point 4 (km) | Py (sec) tion racy (see) P (sec) fsec)
01r06m
Al6 KAWAZU 80.98 | 50.50 Q a 37.00
Al5 YUGASIMA 98.90 | 53.32 D a 36.84
Al4 IZUNAGAOKA 113.86 | 55.87 U a 36.89
06
A13 ASIGARA 139.63 59(.]'?5 U a 36.28 | 59.70 36.43
A12 DOSI 169.59 | 2.64 U b 35.71
All UENOHARA 172.91 | 4.38 D a 35.56
07m
Al0 NIPPARA 195.38 | 7.35 U b 34.79 7.45 34.89
A8 SIMOKUBO 228.27 | 11.68 ? d 33.64 | 12.44 34.40
AT AKIHATA 237.75 | 12.89 U c 33.37
A5 ZINDA 269.56 | 17.00 ? d 32.07 | 17.71 32.78
A3 NITHARU 291.09 | 21.08 U a * 32.57 | 21.54 33.03
Al MUIKAMATI 330.97 | 25.00 U [ 29.84 | 27.29 32.13
Table 8. Data obtained at J. M. A. routine stations where
seismic waves from the Miyake-zima
earthquake were observed
o Lati- | Longi- Hei T B
. ght P,—4/6 Py,—4/6
Station t(l%\%e t(%%e (m) A (km) | P; (sec) (sec) P (sec) (sec)
06m
A TOMISAKI 34°565'2 | 139°49"7 12 97.92 | 53 37
B | AJIRO 35 02.6 139 05.8! 66 |109.10 | 54.7 | 36.5
C HACHIJO 33 06.1/139 47.9| 80 | 115.52 | 56.7 37.4
D MISHIMA 35 06,7138 55.8 20 1121.86 | 58 38 0
. 7m
E : OMAEZAKI 34 36.2 (138 12.8 45 | 125.87 53.2 36.3 13.6 52.7
7m
F YOKOHAMA 35 26.21139 39.3 38 |149.66 | 21.1 56.2
G FUNATSU |35 29.9|138 45.8 860 | 165.42 | 07.4 39.8 24.1 56.5
H TOKYO 135 41.2:139 45.7 21 | 178.56 | 06.5 36.7
J HAMAMATSU . 34 425|137 43.4 32 1171.09 | 04.0 35.5
K KOFU 35 39.9|138 3351 272 |189.81 @ 11 39 31.6 60.0
L CHICHIBU 35 59.5(139 04.9: 218 | 212.30 | 34.6 59.2
M | KUMAGAYA |36 08.8]139 23.1 30 [227.10 1 13.5 35.6 14.0 36.1
N | NAGOYA 35 09.9 136 58.1 52 |254.32 08 26
P MAEBASHI 36 24.1|139 03.9 112 | 257.55 | 40.1 57.2
Q GIFU 185 23,9136 45.9 13 | 284.18 | 52 65
R MATSUSHIRO 36 32.3138 12.5 440 | 292.55 | 22 33 57.0 68.2
S NAGANO 136 39.6 138 11.8 418 | 305.44 | 54.8 63.9
T HIKONE ‘35 16.4 | 136 14,8 87 [3819.71| 51.5 58.2
u MITO 136 22.7| 140 28.3 30 |, 270.22  22.2 37.2
Y IIDA 35 30.6 | 137 50.1 482 1 214.79 | 18.0 42.2
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Table 9. Epicentral distance, arrival and travel times
of P waves for Kawazu explosion.
Observation | 5 qamy| 21|z [Aeow B0/ gl 2o 0% e
K1 | KAWAZU 0.000‘ 0313 — | — |0.000 0.00; Shot. ¢
K2 | YUGASIMA 17.902 4.03 | U | a |8.72 40.74 4.07 3.7640.78
K3 | 0 caoka 34.218k 6.78 U | a | 6.47 |+0.77 6.85 6.54|+0.84l
K4 | SUSONO 48.580 9.50 | U | b |9.19 +1.09
K5 | YAMURA 88.234}15.63 U c 15.32 |+0.61] 15.82 15.5 |-+0.80 P»: clear
K8 | ANNAKA 175. 456'29 00, 9 | d [28.69 |—0.55
K9 | NIIHARU 224. 663‘37 81 U c 37.47 |4+0.03
K10 YUZAWA 244. 694‘46 00 9 | d 45.69 +4.91 40.64 40.33 —0.45
K11 YUNOTANI | 272. 038’44 50| 9 | d [44.19 —1.15 46. 56‘ 46. 25‘+0 91‘
K12 TOTIO 305. 871‘A8 89! 9 | d 148.58|-2. 40‘ 51. 70‘ 51. 39)+0 41
K13 YAHIKO 329.231‘52.21 9 . d 51.90 |—2. 97i 55. 06! 54. 75l 0.12
K141 MATSUSHIRO‘ 212. 876{35 Q ‘ — 135 —1. 00| E ‘ li
Table 10. Travel time near the shot point
for Siunzi explosion.
Obsgf)‘l’gglon 4 (m) P (sec) | P—0 (sec)
01107™ ‘
Shot point 0 00.691 ‘ 0.000
No. 1 (Up hole) 0 0.713 i 0.022
No. 2 100 0.773 ‘ 0.082
No. 3 200 0.842 ‘ 0.151
No. 4 300 0.900 0.209
No. 5 582 1.055 0.364
No. 6 823 1.255 0.564
No. 7 1049 1.353 0.662
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Table 11. Travel time near the shot point
for Annaka explosion.
Obsgl(;‘i’;jg‘o“ 4 (m) P (sec). P—0 (sec)
01rQ7m
Shot point 0 00.217 0.000
No. 2 109 0.276 0.059
No. 3 174 0.324 0.107
No. 4 299 0.363 0.146
No. 5 401 0.410 0.193
Table 12, Travel time near the shot point
for Kawazu explosion.
Obs;?{sgwn 4 (m) P (sec) P—0 (sec)
01pQ7m
Shot point 0 00.313 0.000
No. 1 216 0.401 0.088
No. 2 387 0.462 0.149
No. 3 463 0.488 0.175
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26. MM HbFREHBIIC & B A SR 2 AR 5
TR L D HEeA

HLER ISR, Ly, WREURRGUER T OB
PRBOOTRTE 7oy — 7

RO REITITE 2 v — A, AMEEINIT 2 KBTS B REHBE O RIHE 2 T 5 )
1z 1961 4E 11 A LISk, PraBLsET=hny, FEGELHHT, HIGEAHIT o 3 T 8 Eo AHEs
KIRIE BT, FRIC X AR EEN LA, chbidvbhd s BT, %5%, &Ptk
B4 A v, EX 40~50m ORWILE Mo, AT, FEHRO Wi FHLE ZHTiiy 0.8
by, WM, WEECIE, 1.6 by o KERMO, B chbo BT SR FiFhic SBsiE
139°E i Bz iR Shte, Som Aok By 800km ©h%, LRI BEL G, TEE
B0y 1 A, ZSEMBTICAR D OMERAE T, Zhic X 3B ODIZ, WMHBEIAT
Wk, R0 X AMBHEEN T Eisol, LaL, o iEE, JEFBRIUATS fmIhico
T, ZOMRIZOWTCHMH Lok, MADOHEIC XY, REBEREZRVTL, WBze bz
OB A B0k, T SO X UERIIARTHIRL Th 5.

AN B2 TR DTT % 25 b S KOMTEEZFFO T e, ThboFAIESRMLET.

BACHE Sy, b, BIIE, JOR, hIEE N4t DR ABREASRITIER: BIRFILT SR,
g A HAGRNHR S AMYHRNEA S SR, ENAPHEO IR 83S, YT,

Fir, ZSHEEMEOBMNESRERTT I o &, SIEHRE oMY & i 5 T a0k 1A
FASICIRA L 3. 3, =0 BEE A ET eI o — e LT frbohic o
T, TIENATE, WORTE, R, EEAEISONEE W W, RUTRBIL £,




