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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 mapping earth crust structures of geologic interest.
In Japan such an experiment was first made on October 25th, 1950
when a large amount of explosives was exploded for engineering
purposes in Iwate-ken. In spite of the short time of preparation, the
experiment went unexpectedly well as has already been reported.?
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Table I. Second: Isibuti
(1951-X11-27, 12" 06™,
1 - : -
. Distance
Obs'Ie)l;)\i'ﬁtxon Location Etlie(z)\;a- fsli;);;:l Seismographs
’ Near the m km .
¢ 2. Tunnel explosion 340 0.22 | Electromag. (20 e¢/s Vert.)
. point 0.32
g -
'gn 1. Orose lggogil gg”ﬁ? 340 1.08 | Mechanical (1 e/s Hor. Vg=400)
>
§ 3. Isibuti 1§g o o E 300 1.69 | Mechanical (1'¢/s Hor. Vi =400)
z
4. Umadome lgg (5),‘73 3? 1}% 195 32(1) Electromag. (10 e/s Hor. Ver.)
5. Atago lgg g,? g(ls II:]I 150 8.65 | Electromag. (10¢/s Ver.)
6. Dobasi 111 01 o8 1}3 100 | 12.09 | Electromag. (3¢c/s Hor. Ver.)
i .1 141 03 41 E ,
.é: 7. Wakayanagi 39 07 43 N 100 14.62 | Electromag. (8 ¢/s Hor.’ Ver.)
t ¥
2 . 141 08 13 B Mechano-optical
g 8. Mizusawa 39 07 54 N 50 21.10 ( ¢fs, Hor. Ve=4000)
Q .
-~ . B
12} . .
S| 9. Ide S 1080 N | 150 | 80.00 | Electromag. (10c/s Hor. Ver.) .
10. Setamai 1522181 100 | 55.90 | Electromag. (3c/s Hor. Ver.)
11. Kamaisi 13; .fg gé I}\EI 10 87.54 | Electromag. (3c¢/s Hor. Ver.)
12. Hondera 102 ) 206 | 15.20 | Electromag. (3c/s Hor. Ver.)
13. Kurikoma lgg gi ?g II:]I 200 22.52 | Electromag. (8 c¢/s Hor. Ver.)
% 14. Hosokura | 130 83338 1 140 | 33.08 | Blectromag. Gejs Ver.)
£
a
g | 16. Kawatabi lgg ;12 g’é E 220 41.92 | Electromag. (3 ¢/s Hor. Ver.)
Q
<
-~
= .. 140 51 30 E
16. Nak: da . 50 60.00 | Electromag. (3¢/s Hor. Ver.
2 akanii 38 34 00 N g ( »/ )
17. Matusima lgé 9,31, gé II\EI 10 81.60 | Electromag. (3¢/s Hor. Ver.)
. 140 30 31 E Electromag.
18. Sinobu 37 41 39 N | 180 | 159.92 (8 e/s Hor. Ver. lc/s Hor.)
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¢=2389°06"22"N, 1=140°563'39"E, h=300m)
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Eleetro-magnetie

Elric;ﬁ%gic oscillographs Observers
(type of vibrator)
None <%‘;1:$‘f3;§eﬂz%2?) Kojima, Huruya, Sakuma
None None Ichikawa, Takahashi
None None %ﬁz‘g}i{i;g;iKobayashi, Sukawa,
None Gelements YEW Matumoto, Aihara, Hayatu

(YEW-D-type vibr.)

1 for H-vibr.

2-elements
(YEW-H-type vibr.)

Tuziura, Mogi

2 for D-vibr.

3-elements YEW
(YEW-H-type vibr.)

Noritomi, Ossaka, Takagi

3 for D-vibr.

4-elements
(YEW-D-type vibr.)

Utsu, Ogawa

None None Miyazaki, Hiraga
1 for H-vibr. 4-elements s s
2 for D-vibr. (YEW-H&D-type vibr.) Akima, Sawakuri
3 for D-vibr G-elements Tateishi, Ujiie
: Haeno-type »
4-elements

3 for H-vibr.

(YEW-H-type vibr.)

Kasahara, Sato

3 for H-vibr.

1-elements
(YEW-H-type vibr.)

Hori, Den, Shimizu

3 for D-vibr.

4-elements
(YEW-D-type vibr.)

Murauchi, Honda

Tamaki, Okano, Kozuki

4 for D-vibr.

7-elements
(YEW-D-type vibr.)

Tazime, Kobayashi

8 for D-vibr.

b-elements
(YEW-D-type vibr.)

Shima, Shibano, Yanagisawa

8 for D-vibr.

7-elements
(YEW-H-type vibr.)

Yamazaki, Kobayasi, Hagiwara

8 for H-vibr.

4-elements
(YEW-H-type vibr.)

Suzuki, Mine, Oowaki
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After that our group awaited for the second opportunity, which came
on December, 27th, 1951. In this paper, the second explosion-seismic
observation will be reported.

2. Preparation of observation.

With the experience of the first experiment as a guide, every
phase of the instruments was much improved both in quality and
quantity as compared with the first experiment. Vertical and horizontal
electromagnetic seismographs of 3 eycles in natural frequency, high-gain
electronic amplifiers and electromagnetic oscillographs were prepared
in a large number. Most of them were designed on almost the same
standard so as we could register ssismic motions of the ground far
from the explosion point and compare seismograms with sufficient
accuracy. In addition to the seismographs of 8 cycles, electromagnetic

140°

Fig. 1. Seismic observation stations for the second Isibuti explosion.
(Letter E indicates the place of shot and the numbers correspond to those in Table I.)
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seismographs of 10 eycles and 1 eycle, mechanical seismographs and
mechano-optical seismographs of 1 cycle were also employed.

As for the time-marking system, a similar method to that used
in the previous case was adopted, whereby the time signals of the
standard radio wave, JJY were received by a special receiver and put
directly on the seismograms. Chronometers and other clocks were also
prepared to cover unfavourable conditions of radio receiving.

Thus equipped, 18 temporary observation points were established
ag shown in Fig. 1 and Table I. Generally speaking, observations in
only one direction are insufficient for mapping earth crust structures,
and this is especially the case in the Tohoku District (North-eastern
part of Honsyu) according to our geophysical knowledge. From the
above point of view, the observation points were lined up in two
directions, eastwards and southwards from the explosion point.

The amount of explosives used in the present explosion was one
seventh of that of the first explosion, but the observation points could
be extended as long as 160 km owing to the high quality of instruments.

The communication among these observation points was made by
the government telephone network, the special telephone network of
Tohoku Electric Company and the radio broadeast of NHK.

3. Explosion point.

7.8 tons of carlit were exploded at Isibuti (in Wakayanagi-mura,
Isawa-gun, Iwate-ken) adjacent to the site of the first experiment
(1=140°53'39"E, ¢=389°06'22"N) in order to loosen 86,000 cubic meters
of rock for the construction of a dam (cf. Fig. 4). The explosives were
charged in 9 chambers and were fired simultaneously by electric de-
tonator and fuse (cf. Fig. 2). In one of the 9 chambers an electric
circuit was put in to mark the time of explosion.

The explosion came off at 12h 06m, 27th of December, 1951.

4, Observation and results.

Unfortunately a strong wind and rain or snow due to a barometric
depression which was passing over the Tohoku District from the day
before and the bad condition in radio receiving affected the observation
to some extent, but generally the observation went on successfully.

It would have been desirable to make an observation of three com-
ponents in every observation point for the analysis of seismic waves,
but it was practically impossible to make such observations. However,
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. in order to analyse the local state of propagation of seismic waves,
several seismographs were lined up some hundred meters apart at
several observation points®.

The epicentral distances were calculated through spherical trigon-
ometry (the radius of the earth: 6367.7 km), the longitude and the
latitude of the observation points being determined from the ordnance
map (scale: 1/50,000). However, the epicentral distances of the observation
points in the neighbourhood of the explosion point were measured horizon-
tally on a 1/5,000 map. In this case, an epicentral distance means
the distance from an observation point to the nearest explosive cham-
ber among the nine, and the error is supposed to be less than 30 meters.

In determining the arrival time of the phases, more stress was
laid on the seismograms of vertical component, and other components
were referred to only when necessary. The seismograms obtained are
shown in photographic copies (Figs. 5~9), where the arrows show the
commencements of the phases adopted.

As described previously, the time accuracy reaches about a hundredth
of a second, favoured by the direct mark of the radio time signal.
The time determination of the initial phase is comparatively easy, and
its error is supposed to be less than several hundredths of a second, éven
when every source of error is taken into consideration. In fact, the
arrival time of the initial motion was determined twice, once by the
observer himself and then by another, and the personal error was
only two or three hundredths of a second. On the other hand, the
determination of other phases is largely affected by personal judgement,
and the accuracy in this ease is poorer.

In Table II. the arrival time of every phase is shown and arrival
times which are supposed to belong to the same phase are shown in
the same column. Numerical values written besides are deviations
from the value which is computed by the least square method (cf. eqgs.
(1)-(5)). The travel-time curves from the data are shown in Fig. 3,
where (a) is the travel-time curve consisting of the nearby points to
the explosion point, while (b) consists of more distant points. In the
diagram (b), it is an outstanding fact that travel times in eastern
direction and those in southern direction show different features. For
example, at Wakayanagi and Hondera, and at Mizusawa and Kurikoma,
in each pair two points being at almost the same epicentral distance

2) At Umadome, Hondera, Kawatabi and Kamaisi were made these arrangements
of seismographs.
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Fig. 2. Location plan of the explosive chambers and the area to
be loosened by each chamber charge.

but not the same in direction, a difference is obviously greater than an
error seen in the arrival time of the initial motion. From this fact,
it is reasonable to discuss the results of the two directions separately.

Observation points, “Inside of tunnel”, Orose, Isibuti, and Umadome
are located in different directions from the explosion point. Therefore,
the results from the observations at these points are treated separately
from those of the above two profiles. As seen in Fig. 3 (a), the travel-
time of these points are on a straight line, and by the method of the
least squares, the line is given by the following equation, (A being
measured in kilometers.)

t,=12h06m + (—0.1617--0.0022)s + (0.39100.0008)A.s ...(1)
Consequently, the velocity corresponding to the equation (1) is
' V,=(2.56::0.005) km/sec.

As shown in Fig. 3 (b), the travel-time curve of the initial motion
in the eastern direction consists of a combination of two straight lines
of different tangents showing different velocities. If number 2 is put
to the line of lower velocity and 3 to the line of higher velocity, line 2
and line 8 are expressed by the following equations respectively,

t,=12h06m 4 (0.8310.040)s+ (0.2144:-0.0016)A.8, ....... 2)
t,=12h06m + (0.602+-0.076)s + (0.1646-£0.0017)A.8. ....... 3)
Then the velocities are .
V,=(4.67=:0.034) km/sec, V,=(6.08-:0.063) km/sec.

In the seismograms in the southern direction no phase corrospond-
ing to phase (2) can be found, therefore the initial motion may be
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considered to correspond to phase (8). If this phase is on a straight
line (let this be called 8'.), the line shows a larger tangent than that
in the eastern direction. On the other hand, in the seismogram Sinobu,
two phases can be seen in a similar way one after another (I and II in
the photographic copy of the seismogram). Which phase belongs to 3’
is a very interesting problem as shall be treated later. The equation
in each case is obtained as follows,

t,(1)=12h06m + (0.400-:0.142)s + (0.1645--0.0017)A.s , ....(4)
t,(I1)=12h06m + (0.2320.051)s + (0.1693:0.0006)A.5 . ... .(5)

Of these two, by reason of the smaller mean error of each coefficent,
the latter equation is preferable.
The correspoding velocity is

Vi =(5.91:0.021) km/sec.

The later phase (4) shows the same feature in both directions
(Fig. 3 (b)), and the corresponding velocity seems to be

V,=(3.37+0.014) km/sec.

5. Discussions.

How can the earth erust structures be interpreted from the results
of the above observation? Now let us assume, for the sake of simplicity,
that the underground structure of the Tohoku Distriet consists of a
geries of uniform horizontal layers. If phases (1), (2), and (3) in the
nearby region and eastern direction correspond to the direct and re-
fracted longitudinal waves, the thickness of each layer can be computed
as follows from the intersections between travel time curves.

7,=0.75+0.06 km,
Z,=1.59-:0.33 km.

Here, Z, means the depth from the surface of the ground to the bot-
tom of the first layer and Z, to the bottom of the second layer. From
the observation of the first explosion at Isibuti, the existence of twolayers
with the boundary (1.83+1.27)km under the surface was inferred as the
mean structure of the Tohoku Distriet, the velocity being (5.26=+=0.007)
kmj/sec in the upper layer and (6.180.017)km/sec in the lower. Z,,
V, and V, seem to correspond to the above values, respectively. Z,
and V, coincide well with the values in the previous case, while V, does
not. Further discussion will be necessary on this difference.
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Up to here, the velocity of waves has been assumed to be uniform
in each layer. However, the fact must be taken into consideration
that near the surface, the velocity changes with depth. For the sake
of simplicity, the velocity is assumed to increase with depth as expressed
by the following equation,

V=Vil+az)  eeerrenn. (6)

where, V, is the velocity at the surface and z the depth. When the
equation of the travel-time is expanded with A and smaller terms than
A’ are neglected,

1 a?
rel(aZa)ien 7
V or )+ | (M)
is given. On the other hand, if the phases expressed by the two lines
(1) and (2) should be formulated by a third degree equation with A,

t=12h06m + 0.128s 4 0.2296A.8—3.776 x 10~°A%s  ...... 3

is given, and thus V;, and « in the eq. (6) can be obtained. According
to these values, the waves which give the initial motion at the epicentral
distance of 55km, show the velocity of 5.15km/sec at the deepest
point of the seismic ray, and its depth is about 9km. On the other
hand, from the intersection between equations (8) and (8), the boundary
of the two layers is seated only 4km from the surface of the ground.
This value of 4 km obviously contradicts with the above value. Conse-
quently, it is inadequate to interpret the travel-time curves (1) and (2)
en bloc by the assumption that the velocity varies with depth in the
upper layer.

In the southern direction, as described previously, the features
are different from those in the eastern direction. For instance, phase
(2) which is identified in the eastern direction is not clearly seen in
the southern direction.

This is a fascinating problem, though it is premature to infer the
lack of the second layer in the southern direction simply from this fact.
Phase (3’) shows similar features to those of (3) in the eastern direction,
while considerable differences are seen between times at the origin
and velocities. So far as uniform and horizontal layers are assumed,
the heterogeneity of seismic velocity in the third layer seems to be
beyond dispute. However, owing to some uncertainty in the assumption,
no decisive conclusion can be obtained in this stage. If the travel times
of the nearby region and in the southern direction are considered en
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bloe, the thickness of the first layer turns to be (0.55+0.08) km. But
this value is the result of mere assumption.

From the standpoint of lessening the mean error in the travel-time
equation, phase II of Sinobu was considered to belong to phase (3').
If this be true, initial motion I of Sinobu must be given by the waves
which are propagated through a layer beneath the third layer with
a higher velocity. The velocity of phase (8) or (8’) coincides with
that of the so-called P*, and therefore it gives rise to a possibility of
correspondence between initial motion I at Sinobu and so-called P,.
Then, if this assumption is reasonable and if the velocity of P, be
7.5km/sec (which has been obtained from the observations of natural
earthquakes in Japan), the depth of the layer of P, is computed at
about 24 km, and this value does not seem to be unreasonable. However,
this conclusion is too premature, and further investigations, such as
observations in the coming third large explosion, are desirable to give
us a definite answer to-this problem.

The phase with the velocity of V,=8.37 km/sec observed in both
directions is the same phase as was observed in the previous experi-
ment and temporarily called S,. Though little is known about this
phase, it may be a kind of surface waves. Anyhow, further investiga-
tions are also requested in this matter. In the previous experiment,
-the peculiar phenomenon was seen that phase S, showing the same
veloeity as that of S, appeared 1 second after S;. But this phenomenon
was not seen in the present case. If such a phenomenon depends on
the way the explosives are charged and exploded as was alluded to
in the previous reports, the lack of the phenomenon in the present
case may be understandable, because the conditions of explosion were
different from those in the previous case. (cf. Figs. 4, 5 of the previous
paper and Fig. 4 of the present paper.) :

-6. Conclusions.

More facts about the propagation of szismiec waves in Tohoku District
have been revealed by the seismic observations of the present explosion.
The most outstanding fact is that the propagation of seismic waves in
the eastern direction differs from that in the southern direction. In.the
eastern direction, at least three layers are expected on the assumption
that the underground structure consists of uniform and horizontal layers.
The depths from the surface to the two boundaries are 0.75km and
1.59km and the velocities of the seismic waves which give the. initial
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motion are 2.56, 4.67 and 6.08 km/sec, respectively. =Different features
are seen in- the southern direction, that is, no effect of the second
layer can be recognized, and the velocity in the lower layer is about
5.91km/sec. = At the observation point where the epicentral distance is
160 km, a phase is seen, which may correspond to the so-called P,. Also,
a phase with the velocity of 3.37km/sec is seen in both directions.
Though it corresponds to the phase which was supposed to be S wave
in the previous ‘experiment, no phase of the same velocity is found this
time about 1sec before or after.

, After all, the present results have clarified that the phenomenon
which we observed and tried to interpret by means of experiment
is not so simple. Further development covering this complicacy and
giving a clear interpretation about the earth crust structures of Tohoku
District calls for a third explosion seismic observation in the same area.

7. Acknowledgements.

Finally, many thanks go to the agencies and persons under whose
helpful cooperation this experiment has been successfully done. They
are Tohoku District Construction Bureau of Ministry of Construction,
. Nisimatu-gumi Construction Company, Tohoku Electric Company, Sendai
Broadecasting Station of Nippon Hoso Kyokai (NHK), Broadcasting Station
of Standard Wave JJY, Prefectural Authorities of Iwate, Miyagi and
Hukus1ma-ken and Mizusawa Forestry Bureau.

‘We also acknowledge the help given by the Geophysmal Committee
of the National. Couneil of Japan, the Director of the Central Meteoro-
logical Observatory and the Director of the Earthquake Research
Institute, in preparing the experiment.

24. Wik szzux«w 2552 Dﬂcﬁrﬁiﬁﬁiﬂnﬁmﬂ

ﬁ’%ﬁ)ﬁﬂL RIS~ — 7

HORHIFRREZEET, HBUCHRRMERSES S, P RGLIHREE,
Ho R RS BTUPEERGK, AU MBI R S, BRI,
PR W W 08, FURHBRRIEEREHE,  AKIREREEBINET.

1950 4z 10 A 25 B4 PURNG IR TAIA A 3 GRIBEFH 20 km) -cdb b 7R B ss iR T s
DEOHIIToR BT v o RIBBICE 2RI RN L 2R el L e, 1961 4212 g 27
HaE AUHFICIsWT 7.8 > oIIIENRThA T Eickomn T, bhbh@iEic]
bHISMEL 23 e A & L T oWREIIN £ 36 T b, JHBMLE OmEEkIc o T @



292 The Second Explosion-Seismic Observations in North-Eastern Japan.

IV T AAKHAEES BT e TRE
ol I #2045 1 FicL &)T; 5 IR RGERS, HOFWE, HAMBIChy Tai 18
OB E L 5V, FOKRESTZD 6 RICHER S A RETWIRHE L b, £ ade RN R
FERL 2. IBREHEEEE &G, F 2 L bt s RBERBRc—~FRlissc ok,
A FRICEE DT £ FRSk T 5 2 ®, BRI EE vwhn, HoMfiokhc 0B KRN
i FIHC & 0.
MRABTEo 2 Y HEAN, S0 & C o956 {,WHREL b3 MRS HmeE (JIY) o3
ZLEECcH o, 2~3 ol E X THICRL 2. FIR II~V]I n#Komgkgicd s,
W3 L CHETFomlicontor a0 Il HcRT o1 chy, chA e ERL 2ERHA
ZESECH s, HHNBEHHFUME B AICE Y Dor s FRENTH DT EEELER L.
FRErMPCEEOAEOTOLIVICED. Thbh, HFENOERLTIARKCI VL ED
3, 4d # km ceoT,
PR MEE: g =12006m 4-( — 0.51617-£0.50022) +(0.3910-+0.0008) 45,
V,=2.562:0.005 km/s.
K ) E: £,=12h06m (0.63814:0.5040) +(0.2144--0.0016) e,
t3 =12806m +(0.8502-+0.5076) +(0.1646--0.0017) 45,
V,=4.6740.034 km/s, V3=6.08:0.063 km/s.
A0 ta’(I1)=12006m +(0.523240.5051) +(0.16930.0006) 45,
Vi’ =5.91240.021 km/s.
(t5'(1) =12006m +{0.54000,5142) +(0.1645:0.0017)45 X R A B REROWBI £ & o =35
a<c, B22eror /I K GRERKECDOTT TE. FENEL VB FCEE
TRk EEL LA D, DTS D)
ch iy, Jubih o c oS oRERBEER, A Rcro¥o st s.
1 (P RRpE 266 kmjs) SRWORES Z,=0.750.06 km
i 2 JF (P 23 4.67 km/s)
BEREOTES Zy=1.5940.83km
45 3 JF (P 2 #pE 6.08 km/s)
A IRCIEIE 2 [FieHiE+ 2B oA TRv 2, MY e RAERCHlNI Yo c, §
2 BREHFCHrIThIEnS T 2ETE . v B/ ofknk:z » (intercept time) i1 ¢
DEREDILYERDTRY, el 2 t2 DL DOITEW. 2o C—Hi5 2 [F4 L &FHLAITEBK
AMSEoEIFE A be T,
4 1 JF (P #:8pe 2.66 km/s)
BRmoEs 0.6540.08 km
5 3 J§ (P Z5EpE 5.91km/s)

7‘:51?&»;%& bha.

ERos 1l 22 9E-R G AR z&xbo)im?}ﬁz’eaﬁ’xét z, PYICEThEARMRD
P, cdrneL, AL T0km/s tBETHLIE, coffscofEs iz 24km ks,

5 1 FloREREoHEcaliERBACEWEFIRE, Bl 2THT, b
A REBNIEGICRM R ok, ZomiE4m- co NI o E AT . 51 Flos
B, EHE LTINS 1.8+21.2Tkm ¢4 1 e 5.26£0.007km/s oififFoFxnd v
Z 0T 2 Fosfifgx 6.13+0.017km/s cHox.

ieie, W, HAHREIEE L Vi=33Tkm/s o¥nzdbh, chXHF—E S X ksl
DICEHEL T 3. 28yt S LS IEEML D 208, MR Sy 2 BAUicds.
B Sy e 1 i h S tACHMECcorbs S pukx {fRgkshnn, SHrcol

o AT IR DRI o . RBHEEO BT 3 o8 Bl fue.

RS HOBINCoWT, £ERPHEIPEDE LS AeTEHLnFIR D, THHREL, Rdeahister
ik, BAHGRIGCMIZIGERE), TR I EMNE, AREWRE, &5 TR A TR N,
IR BT R M RO S DN SE AT BB B Rt e o Uil L B aRIcd 5.

AP PR O~ AL AFEFHEIICE 2L 0T 5. WRL THELET 2.



[The Research Group for Explosion Seismology.] [Bull. Earthq. Res. Inst., Vol. XXX, PL. IX.]

"“Q" . s it L4 ‘.) e . u, e L o ;

Fig. 4. The second large explosion at Isibuti, Iwate-ken, on December 27th, 1951.
A. Broken line indicates the area to be loosened.

B. Instant of explosion.
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Seismograms obtained at the second Isibuti explosion of 1951
at Isibuti (A) and Orose (B).
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