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1. Introduction.

Our knowledge about the internal structure of the earth has been
‘considerably enriched through the constant endeavour to revise the time-
distance curves of seismic waves. But notwithstanding many brilliant
achievements, the accuracy of time observations at routine stations has
now reached the limit and we can expect no further development in this
field without recourse to the statistical method. On the other hand, recent
progress in the seismic exploration method gives promise of bringing the
dead-lock in question to an end, and the highlight in recent seismology has
been, in consequence, focused on this point. However, the thickness of the
crust with which we have first to deal is about 50km, so that the time-distance
curve as far as 200 km or more must be determind with a higher accuracy.
“The explosives necessary for such explosion-seismic study amount to so
much that we had such opportunities only on rare occasions. In Japan we
have only one record of a blast of 20 tons by the navy on a south sea island.
Unfortunately, we had no means to make observations at the surrounding
ocean at the time.

2. Project of observation of Isibuti explosion.

In order to get 200,000 m® of rocks for the construction of the rock-fill
dam, Isibuti, Wakayanagi-mura, Iwate Pref., about 20 km to the west of
Mizusawa, a simultaneous explosion of 57 tons carlit had been planned to
be detonated on 25th October 1950.

* Members of the group, who participated in the project are as follows (in
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It was the first time in Japan that such a‘ large amount of explosive
was set off at one time and the explosion was a golden opportunity to
seismologists. Unfortunately, it was only ten d:;ys before the explosion when
we were informed of it. We at once establisﬁed a project of cooperative
observation though restficted in time, instruménts, personnel and budget.
Amplitudes of the ground at different epicentral distances were estimated
by taking into consideration the data of previous explosion seismic obser-
vations and the observing stations, instruments and personnel were distributed
as are shown in Fig. 1 and Table I. As are seer“l in the figure, the observing

139° 140° 191

ar

® TEMPORARY STATIONS

O C.M.O. Srarions

Fig. 1. Seismic observation stations
for the Isibuti explosion.

stations were set up along the Tohoku railway line for transportation
facilities and at the same time near the branch offices of the Tohoku Electric
Supply Co., where telephone communications 'from the explosion point are
available thrdugh private lines. No station'was set up on the alluvial
layers. Then, eight temporary stations were set up at about 20 km intervals
starting from the Isibuti station which was 1.$ km from the explosion point

as are shown in Fig. 1.
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In order to determine the time of commejncement accurately at each
station, at six of the eight stations second—magks from the standard clock
of the Tokyo Astronomical Observatory were placed on seismograms
directly by the radio time signal, JJY (4 Mc).“ Others used chronometers
checked by the NHK time signal at every hourf. The firing time was fixed
at 12h 06 m 07s, 25th October 1950 so as to be fit for the broadcast of the
JIY time signal. - ‘ .

The speed of recording paper or film was 2‘ mm/sec at Wakayanagi and

. . . |
Hanaizumi, 3 mm/sec at Matusima, 4 mm/sec at Maesawa and more than
5 mm/sec at the other stations. \‘

|
|
1

3. Explosion. |
|

How the explosive was charged and detonafced are described as follows.
As shown in Figs. 2 and 3, seven large explosi“ve chambers and eight small
ones were dug at the height of 20 m above the: adjacent river floor into the

north-northeastern slope of the Saruiwa Rogk, a massive igneous rock
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Fig. 2. Explosive charr;bers.
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Fig. 3. Explosive chami)ers and
the net of exploding fuse.
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block. The explosive amounting to 57 tons was charged in these fifteen
Jarge and small chambers. At a distance of 300 m from the chambers, an
electric detonater was placed, and an ignition switch was set at 400 m from
the detonator. The detonator and each explosive chamber was connected
with a fuse, each fuse having the same length so as to set off all the
explosive at one time.

As scheduled beforehand, the electric switch was closed at 12h 06m 07s,
25th October 1950." A series of photographs in the Plates (Figs. 4~5) will
show us vividly the process of explosion. From the viewpoint of civil
engineering, the blast was quite successful and nearly 300,000 m3 of rocks
were loosened. However, contrary to our expectations, sounds and vibrations
were not strong. Seismic intensity was II at the epicentral distance of
about 2km, and beyond 15km no vibration was felt. But, shocks were
felt by some persons at Kurosawaziri, 30 km northeast from the explosion.
Closer inquiries of the shock at various places is now under way by mail.

4. Results of observations.

Favoured by clear telephone communications from the explosion point
10 each station, exact ignition as scheduled, and perfect receiving of the
radio time signal it was possible to register the ground oscillations excellently
-at all stations except Kogota. Table II shows the time of commencement

Table II. Arrival times of the Isibuti explosion tremors
observed at eight temporary stations of the group.

Arrival times (12h 06 m.)
"No. Station
P, P s | s
Acc l i gec. gecgl 588%2 J sec.
. . el. — . . | —
1 Isibuti { Displ. - 8.31 8.61 9.27
2 Wakayanagi | — 10.80 12.46 (13.69)
3 Maesawa _ i — 12.04 — ; —
4 Hanaizumi i 14.47 15.25 19.0 | 20.0
5 Kogota | — — — ! —
6 Matusima . 2143 - - i -
7 Sendai | 24.5 — 35.9 | 37.2
8 Watari [ 28.0 ' — — i —
| |

1) According to a witness, the switch-in seemed to have been 'somewhat later
-than the predetermined time.




102 The Research Group for Explosion Seismology, Tokyo. [Vol. XXIX,

at each station checked quite independently by each observer. Seismograms
at several stations are shown in Figs. 6 and 7. Fig. 8 indicates travel-time
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Fig. 7. Seismograms at Hanaizumi (A4),
Matusima (B), and Watari (C).

curves drawn from the above data. Considering the presence of second”
marks from a standard clock on most of the records and the high speed
of recording papers, we believe that the accuracy of these readings are-
much higher than one tenth of a second. As shown clearly in the diagram,‘
the times of commencements at Isibuti, Wakayanagi, and Maesawa seem .
to lie exactly in a straigh:c line, and those of Matusima, Sendai and Watari .
also seem to lie in another line. A weak initial phase at Hanaizumi lies.
just on the former line and the following stronger onset lies on the latter -
line. These phases are named P, and P. respectively. Least square solutions
of these lines give the velocities 5.26+0.007 km/sec and 6.1240.017 km/sec -
and intercept times 7.97+0.032sec and 8.23+0.24sec after 12h 06m for P;,
and P respectively.
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The two lines intersect with each other at an epicentral distance of
9.54+9.74 km, and if we assume the existence of a uniform and horizontal
layer, we have 1.3+1.27 km for the thickness. The velocities above mentioned,
5.26 km/sec and 6.13 km/sec are nearly the same as 5.0km/sec and 6.1 km/sec
in the granitic and the intermediate layers respectively as determined by
T. Matuzawa from the earthquake data in Japan. But if such interpretation
is to be approved, the unexpectedly small thickness of the first (granitic)
layer is hard to interpret, and if the basaltic layer is to be located at such
a shallow depth, the geological fact that no outcrop of such rock has yet
been found in the vicinity seems also unexplainable. Another alternative
explanation of these observed facts may be found in the difference in
azimuths of the near and far stations where P; and P. phases were clearly
observed separately, if we neglect the difference of the origin times of these
waves. Butthe accuracy, as seen from the probable errors and the appearence
of these two phases at Hanaizumi, is not in favour of such alternative explana-
tion. We must therefore refrain from giving the conclusion for the present.

As to the other phases following the P phase, though clearly observed
at respective stations as they were, almost all of them could not be seen
as waves propagated with definite velocities. However, there could be found
only one particular phase at Wakayanagi, Hanaizumi and Sendai, which
respectively lies in a straight line indicating a velocity of 3.3740.005 km/sec.
This may be-interpreted as a kind of S-wave. Furthermore, a clear phase
appearing slightly later than the last phase is also identified at Isibuti,
Hanaizumi and Sendai, and constitutes a travel-time line running parallel
to the above line with a lag of about 1 second. The remarkable impetus
of this phase on the seismogram at Isibuti is to be noted. Qn examining
the cinematographic film taken at the very instant of the explosion, the
following consideration might be accepted as an alternative interpretation
of the generating mechanism of elastic waves. (See Figs. 4, 5) First, at
the time of explosion, a big destruction occurred around the place where
the explosives had been charged, and the waves were radiated in all
directions. Then, one moment later, by tbe sliding down of a large amount
of loosened rocks, secondary shgar waves were generated. Thus the S-wave
generated by this last mechanism may correspond to the last phase in the
diagram of travel-time curves. It is also to be mentioned that the impact
of the falling rocks may also be capable of generating considerable waves,
since the potential energy released will amount to as large as 8x10'7 ergs
by the fall of 10m. This amount is comparable with the energy from the
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explosives‘which is estimated at 2.4x10' ergs. Therefore this may also
serve as an alternative explanation of the generation of the later phases.

5. Concluding remarks.

Now we may conclude from the above statement that the crustal structure
in NE Japan is somewhat different from what we have expected on the
previous knowledge as deduced from the observations of natural earthquakes
in other parts of Japan. The velocities of the P, and P: phases we have
obtained are very near to those of P and P* waves, but the thickness of
the surface layer seems too small to be ascribed to that of the granitic layer.

The wonderfully good alignment of the travel-time plot is of course due
to the observational accuracy due to the second mark of JJY from a standard
clock of the Tokyo Astronomical Observatory, as directly recorded on the
seismograms at most of the stations as well as the high speed of the recording
papers; but we must ascribe it also to the unexpected smallness of the
difference in the effect of the underground structure.

The apparently poor definition of the S phases and surface waves may
also be due to the smallness of natural periods of seismometers and the
recording galvanometers used through necessity.
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Fig. 4. Isibuti Explosion (I) A: Before the explosion. (By courtesy of the Press Asahi)
B-E: Process of the explosion (From the Yomiuri News Reel). Cut interval between B and C,
Cand D, D and E, and E and F (Fig. 5) are 15, 15, 15, and 30 cuts respectively. Film speed
was about 0.04 sec. per cut.
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Fig. 5. Isibuti Explosion (II) F--J: Process of the explosion (From the Yomiuri News
Reel). K: After the explosion (From the Yomiuri News Reel). Cut interval between E (Fig.
4) and I, F and G, G and H, Hand I, and I and J are 30, 10, 95, 115, and 85 cuts respectively.
Film speed was 0.04 sec. per cut.
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Fig. 6. Seismograms at Isibuti (), Maesawa (B), and Sendai (C).




