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1. Data of observations.

As stated in other papers,” the boundary between a layer with P-
wave velocity 5.75~5.85 km/sec and one with 6.10~6.20 km/sec on the
west side of the Kamaisi mine was calculated to have a probable dip
6°~11° rising eastward. In order to determine more precisely its
position and the form near its shallowest point, we set off four explosions
as in Table 1.

Table 1.

Shot Point Latitude Longitude Height Shot time Arg}(}):rnéeof
A Dobsen 39°14724.8"7 141°46’ 0.6’ 380m 1954, May 1, 1h35m00.28 s 0.l1ton.
B Sin’yama 17 36.7 41 31.6 360 335 00.513 1.0
C Daido 14 32.5 41 23.9 530 3,135 00.170 0.1
D Takinosawa 15 54.1 54 55.2 2 335 00.513 1.0

All four explosions were observed at stations and by observers
common to all of them. Positions of shot points and observation stations
are as shown in Fig. 1, and tabulated in Table 2, with additional data
of instruments.

Examples of seismograms are shown in Fig. 2~17.

The positions were determined by the method of aerial photography
and the plane table survey. The maximum error of the horizontal
distance is about 10 m and that of the height is 2m. The accuracy of
the relative time is within the limit of 1/100 sec.

Results of measurements are shown in Table 3.

Travel times for each shot are shown respectively in Fig. 18, Fig.
19, Fig. 20, and Fig. 21.

1) Research Group for Explosion Seismology, Pub. Bureaw Central Séismologique

International. Série A. Travaux Secientifiques, 19 (1954) 229-242; T. Matuzawa, Bull.
Earthq. Res. Inst., 37 (1959).
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Shot and Observation Points in  Last Blast
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Fig. 2. Seismogram at Sin'yama_for shot B.
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Fig. 3 (1). Seismogram at Ohasi for shot A.
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Fig. 4 (4). Seismogram at Omatu for shot D.
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Fig. 5 (1). Seismogram at Désen for shot A.
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Fig. 5 (3). Seismogram at Désen for shot D.
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Fig. 13 (2). Seismogram at Okirai for shot C.
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In Fig. 22 travel times
for all shot points are plotted
in such a way, that all shot
points are on a common axis
of abscissa, however, point B
is put at the same position as
point C. Travel times belong-
ing to one and the same shot
point are grouped into two
branches, which correspond to
the east side and west side
relative to the shot point.
The epicentral distance is taken
as the abscissa, however, it
is not the distance projected
on the east-west section but
the true distance.

2. Principles for deducing
a structural model from
the observed data.

In deducing a structural
model the following guiding
principles are adopted :

(a) To adopt as simple a
model as possible, that means,
a model which can explain
well the observed data with
the least number of probable
assumptions.

(b) To make the dif-
ference between the observed
travel time T, and the travel
time T, calculated from the
assumed model, lie within the
limit of +0.03sec. For a few
points under special circum-
stances this condition is neg-
lected.
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At many places, late phases as well as the S phase were clearly
observed, however, the travel time of the first P phase was exclusively
used in this analysis.

3. The first approximation to the model in
the east-west vertical section.

As apparent from Fig. 1, it may be safely assumed that shot points
A, B, C, D, and observation points 1~11, 15, 16 and 17 approximately
lie in a common east-west profile. Therefore, from travel times at these
places, the first approximation of the model in this section is deduced.

First, if we compare the travel time at point 9 from shot A
with that at point 4 from shot D (Table 3), the difference is very small
i.e. 0.01 sec. This fact fulfils the condition that the ray path is common
between both shots.

If travel times at points 4 ~11 from both shots A and D are plotted
in a figure (Fig. 28), points belonging to shot A are arranged on a line
clearly different from that through points belonging to shot D. The
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Fig. 22. Travel time for shot A, B, C, and D transferred to the section CAD.
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apparent velocities are deduced respectively as 5.45 km/sec and 5.54 km/sec.
Therefore, their mean value 5.50 km/sec is taken as the true velocity in
the second layer. o

In Fig. 23 another branch of travel time curves is observed at points
near the shots. Its approximate velocity is given as 4.5 km/sec, and
this value is adopted as the velocity in the first layer. The point of
intersection is at a distance of 0.78 km for shot A and 2 km for shot D.
Hence the depth of the
first layer is 122m at A o3[ ' %0
and 314m at D. Con-
sequently the dip of the
boundary between layer
1 and layer 21is ¢,,=50.3 o2
to the east.

Next, from the east-
ward branch of the travel
times for shot B (Fig. 19)

the apparent velocity V, o

is found slightly larger

than V,=5.5 km/sec, with X

no intercept time. There- o= A
fore, it is inferred that o 5 5 e

there is a third layer with
true velocity larger than
V, and the boundary between layer 2 and layer 3 dips toward the east
and layer 3 is almost exposed at point B. Exact value of the true
velocity of layer 3 is yet uncertain. In Fig. 21 point 16 and point 17
for shot D lie probably on the farthest

Fig. 23. Travel time for shots A and D.

Table 4. .
branch, which shows the apparent velocity
Vs 023 5.86 km/sec and the break point at 14 km
5.78kmjsec  1° 3 207 from the shot point. Adopting a triple
5.80 30 20 layered model and using V., V,, 06,. and
5.82 —6 40 apparent velocity 5.86 km/sec, a set of dip

angles of the boundary between the second
and the third layer, 6,, can be calculated, taking V,, the velocity in
the third layer as the parameter. (Table 4)

As obtained before, the boundary must dip eastward. Therefore,
V; must be less than 5.81 km/sec. Thus we infer that V,=5.8 km/sec
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in the former paper® corresponds to V; in this case, and put V,=5.8 km/sec.
Assuming this value and 0,,=30’, and taking travel times at point 16
and 17 into consideration, the following relation between the thickness
of the second layer 2km at D and the distance 4, km of the break point
of the travel time curve is deduced. Namely,

h=10.08084,—0.0659 .

For 4,=14 km, A turns out 1.05 km.

From travel times at point 14 and point 15 for shot B, i.e. in the
nearly N-S profile, an apparent velocity 6.0 km/sec is got. Comparing
the result in the former paper, 6.2 km/sec is adopted as V, in this case.
In this profile, assuming a horizontal double layered model with layers
V, and V,, the sum of the thickness of the V, layer at shot B and at
point 14 is calculated as 1.5km. Therefore, the depth of the upper
boundary of the fourth layer seems comparatively shallow in the B-C

C

A
O— = 4.5M5ec D
m Jad O

77 777 FO3KM

— —ﬁl‘z\u%,ssm}g& ’g&f LosKM

) I —— T

=% G ——
— Vi = 6.2KMéec >

;Q

Fig. 24. First approximation to the crustal model in section CAD.

section. From the southward profile for the D-shot, the depth to the
fourth layer at point D seems somewhat deep, however, its exact value
cannot be given. Taking the westward travel times for shot D into
account, we tentatively put the depth equal to 4.5km. The travel
times at point 17 for shot B and C seem to belong to the path through
layer 3.

If we assume that the top edge of tne third layer be at sea level,
the dip of the upper surface toward the west is calculated 4;,=4°20
from shot B and 0;,=2°50" from shot C. The mean value 3°30’ is taken
as the first approximation.

From above considerations, a section as shown in Fig. 24 is taken
as the first approximation.

2) loc. cil., 1).
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4. Determination of the east-west profile.

For further approximation, heights of the observation points and
shot points, which were neglected in the first approximation, are taken
into account. Starting from the approximate structure in Fig. 24, by
the trial and error method we get the final structure as shown in
Fig. 25, which is so determined that the O-C residues as a whole
remain within the limit 0.03 sec. The residues thus calculated are shown
in Table 5.

No sufficient data are at hand for the exact determination of the
position of the boundary between the third and the fourth layer. How-

16 5.0 AV, =45%Mgc
17 0O .l 2 3
SEA LEVEL L, ° : 17 o I o

/gc; BN o 50 o3t
v V3 + 5.5KMéee
1.5KM 1.0sKM
e — T — il
J \
~

- p Vi = 6.2KMkes 4.5M

~

Fig. 25. Final result of the crustal model in section CAD.

ever, it is qualitatively doubtless that it dips down away from the B
shot. The third and fourth layers in this report respectively correspond
to the P, and P, layer in the former paper.®

The presumption stated in the former paper, that the P,, P; boundary
should rise eastward and almost appear on the surface near the Kamaisi
mine, is confirmed in this study.

5. Underground structure in the southern part.
We have 3 observation points, 12, 13, and 14 in the south. The
unique determination of the underground structure from these scanty
3) loc. cit., 1).
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Table 5. T-T, (unit in sec)
"~ Shot | N T
.
Station \\\ A D
Position
1 c —-0.024 I
d —-0.007 ”
2 a -0.035 I,I -0.008 ”
b —0.045 ” 0.04 1,0I,IT
3 b 0.006 14 0.00 I,II i 0.04 ”
[ 0.015 ” 0.013 ”
4 a 0.007 1 1,1 0.02 1,0,II
b 0.000 ” " 0.03 4
c -0.007 4 0.01 v
d —-0.007 ”
5 —-0.025 1,10 —-0.04 1,1 0.03 1,0
6 a —-0.035 v 0.02 1,0,I0 I1,I0,I0 0.00 4 7
b —0.055(z) ~ 0.03 ” 0.01 "
7 a 0.015 ” 0.04 (u) ” 4 —0.02 14
b 0.035 " 0.08(u) 4 0.01 4
8 -0.015 " -0.01 ” —0.009 ” )
9 a 0.015 1
b 0.008 ”
[ -0.005 1,0, | —0.01 1,0, 1,1, 0.006 14
d 0.002 ”
e —-0.007 14
11 -0.026 I,HO,IIr 0.025 1,0O,1I I,I0,I0 0.005 ”
12 0.04 " 0.06 I, 001 1,0,
13 -0.018 —-0.05 II,I,IV o 0.00 p,
14 a 0.05 1,I0,1Im,1Iv| 0.015 " 0.11 1,1II,I0,IV
b 0.015 ” il 0.12 ”
c ” 0.12 ”
15 a —-0.015 1,01 -0.05 I,II | 0.03 I,0,I1
b —-0.020 ” —0.08 " ” 0.05 ”
[ —-0.08 " ”
d -0.08 "
16 a —0.008 I b —-0.06 I,IO,I0
[l —-0.018 4 ”
e 0.00 1.1 -0.03 ” ”
1 ” —0.04 1,0,
17 —0.003 1,0O,II 0.015 II,m o,m 0.17 1,0,I0,IV
I, II, ....denote layers through which the wave, that reached the observation point

at first, passed. Values of O-C in Gothic type are obtained by the method of §5.
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data is almost impossible. Thus we must resort to search for such a
model, which is compatible with the result in the east-west section and
makes the O-C residues at these points as small as possible.

To begin with, a profile B-C-14-15 is tried, taking travel times at
point 14 and 15 for shot B and at point 14 for shot C into consideration.
Referring to the former results, we assume point 14 is on the boundary
between the third and fourth layer, the boundary between the second
and third layer under point B and
C is at sea level, and the thick-
ness of the V, layer is 1.5km
under point B. (Fig. 25)

From these assumptions, a
model shown in Fig. 26 is obtained.

Layer V, is cut off slightly in the south under point C, otherwise
the travel time at point 14 for shot C comes out too early. O-C values
calculated from the Fig. 26 model are shown in table 5.

Next, a profile D-12, 18 and 14 is tried, taking travel times at
these points into account. Though point 14 deviates from the line D-

12-13, for the sake of ap-

14 SEA LEVEL . . . .
3 12 %m proximation, the .pomt .lS
) Ff)sKM brought on to the line, while
V55,6006 ——1— maintaining its distance from

S — shot D.
M 2% Again referring to Fig. 25
— and assuming point 14 on the
% V~V, boundary, we get a
. model shown in Fig. 27. The

Fig. 27.

V.-V, boundary is determined
in such a way that the residue O-C at point 12 be nearly zero. The
wave path in this case should pass through the V; layer.

Referring to Fig. 25, 26, and 27, the depth of each boundary under
each shot point and observation point is given. Thus, travel times for
all combinations of shot points and observation points can be calculated.
In this procedure, slight interpolations to the position of the boundary
are taken for granted. For example, in the profile A-14, as the depth
of each boundary is given at A and 14, connecting each corresponding
boundary, we take the connecting line as the corresponding boundary
under A-14 section.

As for the V,-V; boundary in section A-14, the boundary in Fig.
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27 is prolonged to the vertical line at point 14, and its intersection point
is connected to the corresponding point under A. Thus we can calculate
the travel time at point 14 from shot A.

0-C residues thus obtained are tabulated in Table 5.

6. Concluding remarks.

There may remain some freedom as to the true velocity in the V;
layer, its thickness, and the position of the V,~V, boundary. That is
to say, they may be subject to some change without changing O-C
residues much. Of course, it is possible to add some mutually in-
dependent assumptions to the underground structure, in order to amelio-
rate each O-C residue, for example, to insert a certain very local
singularity in the path of waves. This means to add one assumption
to one datum. Such a way of procedure is excluded from our guiding
principle stated in 2.

Geologically speaking, the dotted line in Fig. 1 is a boundary be-
tween granite and palaeozoic strata, which is almost coincident with
the boundary between the V, and V; layers.

In this report the observed data were compiled mainly by S. Asano
and the part concerning the crustal structure was compiled mainly by
T. Usami.

We are much obliged to the prefectural authorities of Morioka,
Huzi-Seitetu Company, Morioka Department of Japan Government
Railway, the Technical Department of Toky6 Central Station and Morioka
Branch Station of NHK., provincial authorities and police stations at
each temporary observation station, for much indispensable help and
facilities given by them.
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6. ZHEFLLFE 4 B OREFHET OBl 2T
BRESURTRIE 7 v — 7

T TCifThbhicall 3 s LSRN 2 MO XEROBINEREZLES LT, Jdh o T
WEAET I e, T O TEL RGO 5L, P i)y 5.8km/sec ks X ¢* 6.1km/fsec @ 2
DEEOH DL D EFX, $HCHEDL B LD TH B, £ O YHHOHE 22 75 X < bhbigholed
T, B, ThiEdhide, ERELS LU SRHEHETDO 4 MOEEO b LWz 7o
b DTHB.

TRBE ROV 1, BIAE WL 2 KR&h, TOMFDOLLF L, o 1 Micdiw
LThsb., EFTOMIE 3 Kb L{R&N, EHKIKN 18~22 KRTLBHITHS.

T HEE OTRTENE I DTS 25 [, Wb (72 DWHE) oW T, M 26 M XU
21 IOk 5kdOnHEEE RS,




