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1. Introduction

In the first paper?, the writer made use of the accurate observations
in a small scale explosion seismic experiment carried out by the Seismic
Exploration Group, and tried to gain some clue to the accuracy of
hypocentre determination. There he assumed the actually known position
and time of shot as unknowns and solved them by the usual method
of least squares using the arrival times of P-wave just as in the studies
of natural earthquakes, and the results were compared with the actual
items. Although the span covered by the spread was only 180 m. the
velocity in the soil was low while the time accuracy was high corre-
spondingly, so the similitude with the case of a natural earthquake was
not so bad. The results obtained were as follows:
in the least square solutions

(1) the epicentre and the value of velocity are relatively well-
determined,

(2) the shot time and focal depth affect each other and seem to
be sensitive to a superficial layer,

(8) the larger the number of observations, the more accurately
is the hypocentre determined,

(4) when the effect of superficial layer is not taken into con-
sideration, the probable error does not always represent the
extent of discrepancy between the actual and determined values.

In this report the author made the same trial as in the first paper
by using the data obtained by the Research Group for Explosion Seismo-
logy (abbreviated to R. G. E. S. in this paper) which in respect of scale
are close to those of natural earthquake and in respect of accuracy ten
times as good as in the observations of natural earthquake. Of course,
the results obtained furnish only one example under special conditions,

1) S. ASANO, Bull. Earthq. Res. Inst., 32 (1954), 371.



200 S. AsaNno. [Vol. XXXIII,

but if those conditions are taken into consideration, we can infer the
accuracy of hypocentre determination in case of a natural earthquake.

2. Materials used

Materials used are the data obtained by R.G. E.S. in cases of the
second® and third” Isibuti explosions. As these explosions were carried
out at almost the same position (the third one being situated as close
as 20 m. south of the second”), the data are here regarded as obtained
from one explosion. A consistent analysis has been made by R.G. E.S.
to cover all the data of the six explosions within the error of 0.1 sec.
with the remarkable result of the crustal structure as shown in Fig. 1»
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Fig.1. Underground structure of the north-eastern part of Japan obtained
by R.G.E.S.
I: Isibuti shot point; M: Mizusawa; K: Kamaisi; /;=630m. ;
hy=0.5-2.0 km.;
Velocity of P, layer: V¥ =2.51 km./sec.;
7 P, r» : Vp,=5.75-5.85km.[sec.;
” Py 7 1 Vpy=6.10-6.20 km./sec.;
" Py 7 Vp,=7.58.0km.fsec.;

Strike 200-210° is measured clockwise from north direction.
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which gives the section along the nearly east-west direction of the
north-eastern part of Japan. Most of the first arrivals observed within
about 4=90km. are shown to be the waves passing through the second
layer, while those between 4=90km. and 4=150km. are the waves
propagated through the third layer. The shot point and the 18 obser-
vation points within about 4=90km. are given in Fig. 2. In the above
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Fig. 2. (a) Shot and observation points.
) E: Shot point.

(b) Relative positions of the determined epicentres.

analysis made by R.G. E.S., deviations of the observed travel-times
from the calculated one with the velocity of 6 km./sec., that is, the
values (T . —4/6) were analysed instead of the usual travel-time curve
with the result that the waves traveled through not only the first and
the second layers but also the second and the third ones were distinguished
from each other very easily. On the other hand, from the usual travel-
time curve (Fig. 8), the waves related to the second and the third
layers cannot be distinguished so clearly. This usual travel-time curve
gives the velocity of about 6.1km./sec. The deviations of observed
travel-time from the calculated time for the wave traveled with the
velocity of 6.1 km./sec. are within+0.5sec. Therefore, as the effect of
the shot depth and the height of observation points on the travel-time
is less than observational errors, those quantities were not taken into
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consideration in this paper as in the analysis made by R.G. E.S.
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Fig. 3. The actual travel-time curve.

3. The results of hypocentre determination and discussions

In the first place, the coordinates of epicentre of the first ap-
proximation were determined as a,=6.00 km. and = —0.50 km. by using
the time of commencement of P-waves, and the travel-time curve
_derived from the determined epicentre is given in Fig. 4. Although,
as may be seen from this travel-time curve, there are some indications
of the effect of the layer with velocity of 2.51 km./sec. in the travel-
times within 4=15km. a uniform structure was assumed for the first
approximation, and the velocity and origin time were taken to be 6
km./sec. and 0.8 sec. respectively. These values of the first approximation
are tabulated in the column I of Table I. Using the formula

(xo - xi)axa + (yo - y;)ayg + ZOBZJ + ’vg(t; - tg)ato - /vo(tl - to)25?10='l7§(t1 - to)ati ’

the corrections 6, doyo, ot, and 6v, were obtained by the method of
least squares. In this calculation 18 observation points were used
discarding those at 4 over 90 km. where the first arrivals are presumed
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to be the waves passing through the layer with a velocity of 6.2 km./sec.
The results obtained are given in the column II of Table I and the
position of epicentre relative to the actual one is shown in Fig. 2-(b).
The distance between the epicentre of the first approximation and the
actual one, 4;, is 2.16 km., while that of the second approximation, 4;;,

- Tsec ’
L . '

15~ ® %
i °
10+ ®
| °
i °
i °
°
5_
! ¢
. L
e
o Akm
1 1 1 1 I 1 1 1 L
0 50

Fig. 4. The travel-time curve of the first approximation.

Table I. The comparison of quantities of successive approximation.

Actual I II 111 Ir
o 5.26 km. 6.00 6.75+0.37 6.73+0.41 6.11::0.20
o —2.53km. ~0.50 | —3.34+0.57 | -3.7040.66 | —1.27:0.38
to 0 sec. 0.80 0.514+0.15 0.5140.19 0.53+0.09
vy | 5.75-5.85 km./sec. 6.00 5.93+0.07 5.94:0.09 5.83+0.07
4 0 km. 2.16 1.70 1.88 1.52
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is 1.70 km. Thus we see that the epicentre of the second approximation
really moved towards the actual one. Furthermore both the position of
the origin time and the value of velocity were improved in comparison with
those of the first approximation. But as to the velocity, the determined
value is larger than the value 5.75-5.85 km./sec. as obtained by R.G.E.S.
This difference seems to be due to the simplified assumption of a uniform
structure, and partly to the inclusion in the calculation of the obser-
vations of the first arrivals of the waves propagated through the lower
layer of velocity 6.2 km./sec., etec. The intercept time is reasonable.
The resulting travel-time curve is as given in Fig. 5, and the effect
of the superficial layer with velocity of 2.51 km./sec. is more clearly seen
than in Fig. 4 of the first approximation. As may be seen from Fig. 5,

™~ Calculated curve

‘Akm

Fig. 5. The travel-time curve of the second approximation.

the observation points where the travel-time was affected by the layer
of 2.51km./sec. show large deviations, (O—C). Therefore, as in the
natural earthquake study, five observations with larger (O—C) values
were omitted in the following calculation, and the unknowns were again
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determined. The results are tabulated in the column III of Table I,
and the determined position of the epicentre is shown in Fig. 2-(b).
These results agree very well with the values of column II of the same
table within the mean errors. The fact that we had almost the same
results in the third approximation as those of the second approximation,
notwithstanding the neglect of the five observations of the arrival
times much affected by the layer with the velocity of 2.51 km./sec.,
seems to indicate that the discrepancy between the velocity determined
in this trial and the actual value obtained by R.G.E.S. was not due
to the assumption of a uniform structure.

Next we have to consider the effect of the subjacent layer with
the velocity of 6.2km./sec. on the accuracy of the hypocentre de-
termination. Four observations of arrival times near 4=80km. which
are presumed to be affected by the lower layer were omitted out of the
eighteen in the calculation. The results are entered in column 11 of
Table I, and the position of the epicentre relative to the actual one is
shown in Fig. 2-(b). It is to be noted that the velocity is well-deter-
mined this time and agrees well with that of R.G.E.S. Therefore it
may be said that in the hypocentre determination" the identification of
phase is of the prime.importance. I[n this case the distance )
between the determined epicentre -and the actual one is 1.52km. and
smaller than 4,;(=1.70 km.).

4. Summary

In the present paper, the author made the same attempt as in the
first paper, that is, the attempt to determine the position of shot and
shot time assumed to be unknown and compare them with the actual
known values. The data used were those obtained by R.G.E.S. on
the occasions of the second and third Isibuti explosion. Through this
trial we could confirm the results obtained in the first paper, so actually
the epicentre and velocity are relatively well determined, while the shot
time seems to be sensitive to the nature of the superficial layer. Besides
these results, the identification of phase is considered to be much more
important in the hypocentre determination than the superficial layer.
As to the velocity, when only a certain phase was used, it was determined
very well in comparison with the actual one.
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