6. The Fourth Explosion-Seismic Observations in
North-Eastern Japan.
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1. Preface.

Seismic prospecting on a large scale, using a large amount of
explosives, is highly effective in studying the propagation of seismic
waves as well as in investigating the crustal structures. In Japan, the
first opportunity for such experiments was afforded on October 25th,
1950 when a large amount of explosives was exploded for engineering
purpose at the construction site of Isibuti dam in Iwate-ken, and our
research group named “The Research Group for Explosion Seismology
R.G.E.S.)” was formed.

After that time, on December 27th, 1951 and on July 25th, 1952,
explosions on a similar scale took place at the same spot, and experi-
ments were made on each opportunity, the results of which have already
been reported respectively.D

On December 7th 1952, the fourth opportunity was offered when a
large amount of explosives, i.e. 29.7 tons of dynamite, were exploded
for the purpose of setting down the weakened deposits in the Kamaisi
Mine at Sennin-toge, about 18 km west of the city of Kamaisi, Kamihei-
gun, Iwate-ken.

Very fortunately the new explosion point was situated exactly on
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the eastern profile of the second Isibuti experiment, and it provided a
good opportunity for us to reexamine the previous results.

2. Preparation for observation.

Nineteen temporary observation points (14 points on the southern and

' 5 points on the western profile)
were established. Their locations
are shown in Fig. 1. The pick-ups
used were vertical or horizontal
electromagnetic seismographs of 3
c/s, except in a few points, and

* high-gain amplifiers and oscillo-
graphs were prepared as in the
previous case.

139° 140° 141° 142

As for the time marking sys-
tem, in addition to the time signals
of J.J.Y. in 4 Me, special cooper-
ation was given by NHK, Nippon
Broadeasting Company, who kindly
received the time signal of J.J.Y.
and broadeast it in its ecivil
broadeasting frequency band of
590 Ke from JOAK, Tokyo, for 20
minutes before and after the ex-
plosion time. The special broad-
casting from JOAK was also
utilized for the communication
between the observation points.

The shot-time was calculated
as 03h 34m 59.91s from the re-
cord obtained at the shot point.
The explosives were fired in 7
steps with 25 milli-second delay
detonators.

Fig. 1. Seismic stations of the first
Kamaisi explosion of Dee. 7, 1952.

3. Observation and results.

At several disfant ones of the nineteen observation points, it




81

g
Q
S
™
1S
&
2
3
R
=
-~
S
=
I
B3
w0
I3
-3
e
IS}
2
N
D
@
=
<
Q
e
g
@
kS
%
I3
Q
3
@
=
g
R
<2
-
&
2
[~
Ry
D
-=
&
-
ey
~
3]
N

-£ousnbaay [eIN}BU §/0 ¢ JO SI9)OWOWSISS [BOI}I0A OM] SUBIW ZAE "€'N

swize], ‘eHysBWE) THE ‘TAE 07961 or 1100,68 1198880681 TAEBRL <
emesigeue ) ‘oueqlg ‘() BwWlS SAE G 08T 00T 118919088 18LLT emeSoInwey m
oury( ‘IfBWE], €H3 ‘AT €601 031 119860 108,08 BABZOE m
eaeS0 ‘nsifl THE ‘TAE 8°0L 008 1V7.90 118279071 unqsy |
wes) ‘emedng ‘reses THT ‘TAOT 718 19 1128420 +TL80 emesnziy w
eanifnsy, ‘ew IV THE ‘TAS (w¥6°98  |WOFT | Nu23:0T.68 o 487 LT TV °PI | &

eqeseq ‘LSOl ‘ued THI ‘3A8 0°01¢ 03 1/98,/98078 __ 1128096681 squey]

1nzng ‘ryseje] TAE 0°9v¥ 9 4T198.98 1 189,98 oA3o],

ofnyp ‘eaeyese)] TAS 6°69€ 083 119831 107,90 eqOINT,
(1) pinzng ‘exeue] TAE 9°11¢ L8 118811898 190,98 ey -
(e0eN) Iyseleqo)d] ‘BjvzeWEX THE ‘CAS 1°192 081 186,01 181,93 BMeZIBON m
swly ‘(7)) vnzng ZHE ‘TAS Q97933 ove 108,63 116988 eMl0JIS m.
vieyiSeq ‘(1sofoeN) luseLeqoyy THE ‘BAS §°403 092 16V.0V uLvi98 BlRWEAMEY] | B
rwnuesy ‘epuol ‘rqoneinpy THE ‘TAS L7ELT 08 1/€Vi€9028 NNid eweleuey] m
vmweyeN (1) rwlg ‘eweilysox THS ‘TAS 0°0PT 08T 198V 11L0/6750FT maﬂ?wez =

ByEsSSQ ‘I8eye], ‘TWOILION THE ‘TAS €°L6 02 191,93 | 112103 BMESBUQ

nyedeq ‘(1) ojownje] THOT ‘TAOT g°ay ag 19989088 | 19878 BUWNUUSSII]

0}eg ‘ouesvy THOT ‘TAOT 7703 08T 180,60 I 2 leweleg

eAnany ‘oxouel] gIA0Z | wiQ wo0g | NuL8LTo6E | HubVIV.TVT jutod joyug

SI9AIESqQ 91jewWoWSIo] v q & 14 uoI}els
‘I elqel




82 The Research Group for Explosion Seismology. [Vol. XXXII,

failed to record the seismic waves generated by the explosion. v
This regrettable result may have been caused from the fact that the
explosion at this time was not effective enough to produce strong seismic
waves on account of the following reasons: the first is that the explosion
of 29.7 tons of dynamite was performed by delayed blasting : the second
is that fairly large amount of blasting energy was probably released
into free air due to the condition of blasting chamber. For such rea-
sons, records of only 8 stations in southern and of 3 stations in western
profiles were used for the bresent analysis.
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Fig. 2. Time-distance curves in the southern profile of the -
first Kamaisi explosion seismic observations.

In order to avoid personal error, the arrival times of phases in each
record were measured by three members independently of one another.
From the data of these results, the travel-time curves are drawn as
shown in Fig. 2 and 8, for southern and western profiles respectively.
In Fig. 2, the points marked O, ¥, and ® correspond to the phases
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which were recognized by all 8, by 2 and by only one of the 3
persons respectively.
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Fig. 8. Time-distance curves of the E-W profile of the
first Kamaisi explosion seismic observations.

4. The travel-time curves in southern profile.

Based upon the data concerning the arrival times of identified
phases in each record, three travel-time curves are drawn, which are
shown Dby solid straight lines in Fig. 2. By reducing the equations of
these lines by the least squares, they are expressed as follows :

A
I £=0.21+0.07+ — >
00t e 950.02
II $=4.184+0.29+ &
7.37+0.06

A
III t=7.06+£0.404+ B
. F 00t e 501 0.10

The data used for reducing these equations are in Table II.

Equation I means the existence of a layer in which the P-wave
travels at an apparent velocity of 6.19km/sec. This layer seems to
correspond to the 38rd layer found in the last three experiments at
Isibuti, and the apparent values of P wave velocities obtained in the
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layer were (6.13+0.02) km/sec, (5.91+0.02) km/sec and (5.98+0.01) km/
sec respectively. .

The value of V,=(6.19+0.02) km/sec calculated in the present case
is significantly larger than the previous ones just given above. This
fact deserves investigation in the near future. Anyhow, it cannot be
considered as observational errors and we must reexamine our whole
process of inferences, taking geographical distributions and geological
informations of the profiles into consideration.

Table II.
Station P, P, Py S @
o Shot time: 03h34m59s 91
1 m s | t | s
o 2 35 03.51 | ; 06.08
g 3 07.63 } !
2 4 16.77 | !
g \ | s s
g 6 1 28a2 | 2832 o882 4945
E 7T L os22l | 8L 50.40
w8 | 8.4 | 8452
; 9 | | 403 | 89.00 | 71.38
| s | s
a2 14 | 06.30 | ‘ 10.9
jae ! o :
28 15| 09.00 | | 16.0
m |
2 17 | 18.00 ; 30.79
18 ‘ 22.67 !

Equation III means the existence of a layer in which P-wave travels
at an apparent velocity of 8.20km/sec. Such a value of velocity has
never been observed in Japan, though similar values have been found in
other countries. On the other hand, the value of V,=7.87 km/sec ex-
pressed by equation IT cannot be disregarded in considering the result
of observations in the 38rd Isibuti explosion and values of V, found
in natural earthquakes in Tohoku district.

It remains unsolved which of these two travel-time curves expressed
by II and III, is more probable, or whether we may not admit the
existence of two layers corresponding to II and III. At present, how-
ever, upon the present observations, we will admit the existence of the
2 layers corresponding to I and III, and as to the existence of the
layer corresponding to II, we will make sure of it on the next oppor-

tunity.
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On an assumption that thicknesses of the layers remain the same
southward along the profile, they are calculated from the above equ-
ations I-II, II-IIT and I-III as follows :

d,=(27.2438.0) km,
: dy=( 5.1+8.3) km,
and d;3=(32.3+1.8) km.

In these expressions, d,,, for instance, means the thickness of the
layer corresponding to I overlaying the layer corresponding to II.

As no observation points were spread, at this time, near the shot
point, the travel-time curve corresponding to the layer which may prob-
ably exist over the layer of V,=6.19km/sec could not be found. But,
considering the intercept time of (0.21+0.07) sec in equation I, it seems
to exist.

A dotted line in Fig. 2 shows the velocity of waves 4.1 km/sec,
which seems to be slightly larger than that of S-waves.

5. The travel-time curves of the western profile.

Fig. 8 shows the travel-time curves of the western profile. By the
least square method, the equation of this line becomes as follows :

—(_ s A

t=(—0.02+0.01) +m
which shows an apparent P-wave velocity of 5.76 km/sec. This value
is almost the same as what was found in the same western profile in
the last Isibuti experiment (5.78 km/sec), and will confirm our estimation
on the crustal structure of the east-west profile of these regions which
we have obtained previously.

The dotted line in Fig. 2 shows a velocity of approximately 8.4 km/
sec, which seems to correspond to the velocity of S-waves.

6. Conclusion.

It is regrettable that sufficient number of records of seismic waves
generated by the explosions could not be obtained and that few points
remain unsolved. But we may say that the following points in
the present investigations are of special interest. (1°) The velocity of the
P-wave in the 3rd layer in Isibuti case was found to be significantly
larger than that in previous cases. (2°) The layer having the value of
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8km/sec was found at a depth of approximately 30km. (3°) The
crustal structure of the east-west profile of these regions estimated in
the last Isibuti experiments was confirmed.
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Fig. 4. The first explosion at Kamaisi, Iwate-ken, on December Tth 1952.
Charged walls along the gallery in the mine (A). Seismograms on the eastern profile
at Shot point (B) and Setamai (C).
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Fig. 5. Seismograms obtained at the first Kamaisi explosion of 1952 on the southern
profile at Kesennuma (A1), Onagawa (B), Kanayama (C) and Kawamata (D).
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Fig. 6. Seismograms obtained at the first Kamaisi explosion of 1952 on the southern
profile at Siroiwa (A4), Nogizawa (12) and Hitati (C).
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