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Abstract

By using data of the first and second Kurayosi and the Hana-
busa explosions presented in Part 1, the crustal structure in the
western part of Japan was derived. The velocity structure of the
second layer with velocity 6.1 km/s was considered and the existence
of the layer with velocity 6.4-6.6 km/s was ascertained. On the
travel time graph of the Kurayosi explosions, the phase with
velocity 6.4-6.6 km/s gives clear first arrivals. Neglecting fluctuation
of travel times due to inhomogeneity of the surface or within the
crust, the trial was made to obtain the range of depth of boundaries
as well as that of velocity whenever possible. From the interpre-
tation of travel time graphs, two possibilities for the deeper part
of crust, Model I and Model II, are given in Figs. 3 and 4. In
Model I there is a gap of the Mohorovi¢i¢ discontinuity west of
Biwa Lake by about 4km and in Model II there is another layer
with pretty high velocity 7.4-7.5 km/s above the layer with velocity
8.0-8.2km/s. The thickness of crust is quite different between the
two models. The apparent velocity of 8.1 km/s was obtained pretty
clearly.

Introduction

In this paper the crustal structure derived from the data obtained
from three explosions—the first and second Kurayosi and Hanabusa ex-
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plosionst’—is discussed. As mentioned in Part 1,® the quality of the data
is good because of the improvement of the instruments and the method
of explosions. The recording with magnetic tape recorders (data recorders)
enabled a more detailed analysis to be made of later phases and wave
forms than in the past.

§ 2. Fundamental assumptions and procedures

The analysis of travel time was carried out on the basis of the
following assumptions or procedures:

1) The first arrivals and all later phases are picked up and classified
into four grades by considering clearness of phases and time accuracy of
identification.”

2) Layered structure model is adopted.

3) Probable lines are drawn on the travel time graph with consider-
ations of the quality of each point and efforts are made to obtain the
possible ranges of depth of boundaries and velocities.

4) The fluctuation of travel times within +0.1 sec is assumed to
be due to the inhomogeneity near the earth’s surface or within the crust,
or the change of thickness of surface layers. Therefore, no effort has
been made to explain fluctuation of travel times as long as 0.1 sec only
by the change of thickness of surface layers. Thus the ambiguity as
large as 0.1 km/s was left for apparent velocity.

5) In order to take amplitude into account and to find correlation
between phases of records obtained at different sites by naked eyes,
seismograms with the same paper speed were reproduced and arranged
on the same sheet as shown in Figs. 5, 6 and 7, so that we could compare
these figures with travel time graphs (Figs. 1 and 2).

§ 3. Travel time graphs

Reduced travel time graphs for the two Kurayosi explosions and the
Hanabusa explosion are given in Figs. 1 and 2. In these figures two sets
of probable travel time lines are given.

i) The first layer
The travel time line near shot points has the velocity of 5.5 km/s. It

1) THE RESEARCH GROUP FOR EXPLOSION SEISMOLOGY, Bull. Earthq. Kes. Inst., 44

(1966), 89-107.
2) THE RESEARCH GROUP FOR EXPLOSION SEISMOLOGY, loc. cit., 1).

3) THE RESEARCH GROUP FOR EXPLOSION SEISMOLOGY, loc. cit., 1).
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is assumed that the whole profile is covered by this layer.
ii) The second layer

The travel time line corresponding to this layer is designated as T,
in Figs. 1 and 2, The travel time for T, from the three explosions is
given by the formula

T,= 4/6.054-0.56 .

Most of the first arrivals show quite clear onsets and many observed
points fit to this travel time line. The value of true velocity is 6.1 km/s
which is the value frequently found by previous observations of seismic
waves from explosions. The existence of this layer seems to be certain
so far as a layered model is adopted.
iii) The third layer

Travel times are given by the following formulas:

Kurayosi explosions:

T,=4/6.49+1.90 or T/=4/6.3541.40;

Hanabusa explosion:
T,=4/6.72+3.18 or T/=4/6.454-2.00 ;

where T, is for Model I and 7Y for Model II as mentioned later. Clear
first arrivals were obtained between 110 and 170 km of epicentral distance
for Kurayosi explosions. Seismograms from the Hanabusa explosion are
not sufficient in quality and quantity of data to determine the velocity
definitely. The true velocity of the third layer is estimated to be between
6.4 and 6.6 km/s,

For deeper layers, two models are proposed tentatively because of
the freedom in the interpretation of travel time graphs for the epicentral
distance larger than 170 km. This situation comes mostly from the
scantiness of data for the Hanabusa explosion, although more data for
the Kurayosi shots are also necessary.

Model I
iv) The fourth layer

The line on the travel time graphs in Figs. 1 and 2 for this layer
is designated as 7. The travel time for observation stations of the Kura-
yosi explosions farther than Sakauti (No. K31 in Table 3 of Part 1,9
4=234.84km) can be regarded as delayed systematically and the gap of

4) THE RESEARCH GRrRoOUP FOR EXPLOSION SEISMOLOGY, loc. cit., 1),




M. HASHIZUME et al.

114

*BoIB PoYDIBY
£q umoys s{ selavpunoq 10y a3url o[qissod oy, ‘T 3ded JO g 9[qe], Ul (g SuBow (g 'ON ‘sl 3ey3 ‘suorso[dxo
1so£BIN3 Y3 JI0F 9SOY3 9I% sIdqWNU UOIBIS "sjulod UOIIBAISSGO MOYS SI[III PIsO[) I [POI '€ "SI

o's

TEIILLI PP 1L TITTINLL AT T2 - ov
TIIITI711070717 1100707717171 11E0T 1IN LI L LLETL 111 LT i

- 0¢
99 -9
§ \ . ) , - oz
§§§ o
VNS W

o2 se'6l 8l S ] 92 52 (s/ux g'Gg) ¢ o W

6€ LE 02T 9¢ vSNEVNYH L1 08 91 6261 w18 2 L2 1 O 1z SovEM 24
WA On_um Om_N OMUN OW_ Om_v_ O_m n_u 0Ss




: a[qe
'god® POUo)BY AQ UMOUS SI S3lIBpPUNOQ I0J o3uBx o[qissod osf.w 1 um:& .Wo .WEE L
1 spuodsaraon (g ‘o[dwexs IO 'S93IS UOIJBAIIS|O MOUS S9[2I1d Poso[D) ‘II [PPOIN I
ut 0g3 o

..—08
18

/ﬂvﬁuﬁuﬂnﬁﬂuﬁﬁnﬁ — og

9'9-v9

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/77 ZZzZZZz2

wmr — o)
wy
s/wy -9

ER
R oz (/WA §7S)

2an 11 oww 1w
% 1 oW van v €2 o
923 24 223 13O 6352 i

|
! _
_ _ 0s 0

3
=3
g
J
5
-
S
Ay
e
&~
D
-~
@
=
Y
=
-3
s
RS
®
5
=
N
£
23
|27]
~
3
-
@
g
&




116 M. HASHIZUME et al.

two travel time lines around Sakauti amounts to 0.4 sec.
Travel time of the Kurayosi explosions up to Tutikura (4=224.82 km)
is given by

Ty=A4/7.98+7.45 .

The first arrivals fit well to this line except station No. K16 as shown
in Fig. 1. Observed travel times at sites farther than Sakauti fit well
to the line with velocity of 8.1 km/s (Fig, 1). This line is quite close
to 7 of Model II and good first arrivals belong to this line as mentioned
later. For the Hanabusa explosion, the following travel time line is
adopted.

Ty=4/8.02-+7.46 .

This line does not fit to observed data so well as the corresponding line
for the Kurayosi explosions,

One of possible explanation of the gap of travel time lines around
Sakauti is the existence of a gap of the Mohorovi¢i¢ discontinuity of
about 4km. That is, the Mohorovi¢i¢ discontinuity suddenly becomes
deeper by about 4 km a little west, of Biwa Lake. For the Hanabusa
explosion, no systematic anomally on the travel time could be found
probably because all P, waves would be affected by this proposed gap of
the Mohorovic¢ié discontinuity.

Model I1
iv) The fourth layer

On the travel time graph for the Kurayosi explosions, the line 7Y
with apparent velocity of 7.26 km/s given by the formula

T!=4/7.26+4.67

fits the observed data. This has fairly clear later phases as seen from
Figs. 1, 5 and 6. However, on the travel time graph for the Hanabusa
explosion, it is difficult to find the line with apparent velocity of about
7km/s, Only Ty given below is obtained.

T!=4/7.67+6.48

These two lines are regarded as a pair. The fittings of observed data to
the above two travel time lines are not so good as those of the other lines,

v) The fifth layer
The travel time line for this layer is designated as T, in Fig. 1 and

given by the following formula:
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T!=4/8.13+8.40 .

On the travel time graph for the Kurayosi explosions the first arrivals
at observation sites more distant than about 250 km fit the above formula.
Most of these first arrivals give clear onsets in comparison with those
for T!. While in this model it is assumed that the corresponding first
arrivals for the Hanabusa explosion are not observed so sufficiently as
the travel time line with apparent velocity of about 8km/s can be
determined. Consequently assuming the true velocity for this layer to
be 8.0-8.2 km/s, the Mohorovi¢ié discontinuity is as given by the broken
lines in Fig. 4. In order to avoid the crossing of this discontinuity with
the above boundary, fairly high velocity (at least higher than 7.9 km/s)
has to be assumed.

The final crustal structure Model I is given in Fig. 3 and that for
Model II, in Fig. 4.

§ 4. Remarks on later phases, reflected waves, gravity and the
Mohorovi¢ié discontinuity

a) On later phases

First by examining seismograms in Figs. 5, 6 and 7, clear later phases
with apparent velocity 6.1 km/s can be recognized even for the distant
observation stations. It seems that in the distance longer than about
150 km these phases carry most of the wave energy.

To explain the manner in which a wave can propagate with large
amplitude to the distant stations, the following three possible waves were
considered:

i) direct P wave traveling through the second layer with velocity
gradient,

ii) wave which travels through the first layer and the second layer
with velocity gradient and reflects at the surface more than once (like
PP or PPP), .

iii) waves reflected totally at the upper boundary of the third layer.

If we assume velocity gradient within the second layer from the
standpoint of i), the deepest point of seismic ray must not be in the
third layer to be observed as direct wave through the second layer at
observation sites farther than 300 km. From this condition, the velocity
gradient within the second layer should be less than 0.005 km/s/km. This
velocity gradient is reasonable from Birch’s high pressure experiment on




118 M. HASHIZUME et al.

granite.” Since the second layer is about 15 km thick and the increase
in velocity with this gradient is pretty small, the boundary with the
lower layer is expected to be sharp.

From the second standpoint, it is possible to explain the phases with
waves like PP if we assume the velocity gradient within the second layer
with which the velocity of the second layer is able to reach the velocity
of the third layer at the interface between these layers. From the travel
times of wave with apparent velocity 6.1 km/s, the travel time of phases
PP is estimated to be delayed by about 0.5 sec from that of P.

If we take the third interpretation, we have to assume that there
exists a very sharp plane boundary with uniform dip. At present we do
not have enough data to determine which of three possibilities would be
adopted.

In addition to the phases mentioned above, it is interesting to note
that in the Kurayosi explosions first arrivals could be observed at the
observation sites even around 800 km better than was expected.

b) Reflected waves

Waves reflected critically from the boundary concerned are expected
to arrive around the above end of each travel time line in Figs. 5, 6
and 7. As seen from these figures, there are not specially clear phases
around these points, ‘

At Misasa in the first Kurayosi explosion, an E.T.L. M3 type seismic
prospecting instrument was used to observe reflected waves. Arrival
times and travel times of reflected waves and the depth of reflecting
boundaries are as follows:

P P-0 D
5.30 sec 4.80 sec 14 km
5.90 5.40 16
7.92 7.42 23

where D values were computed from the structure given in Figs. 3
and 4. These results support neither Model I nor Model II.
¢) Bouguer anomaly

Around Biwa Lake there are large negative Bouguer anomalies, the
amounts of which are —50 to —30 mgal. These anomalies can be ex-
plained qualitatively by the gap of the Mohorovici¢ discontinuity in Model I.
d) On the Mohorovi¢i¢ discontinuity

5) F BIﬁCH; VCr'o;rLtributions in Geophysics, 1 (Pergamon, 1958), pp. 158-170.
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In Model I, the Mohorovi¢i¢é discontinuity is the interface between
the third and the fourth layers and about 88 km deep under Kurayosi
shot point. The velocity of P, wave is estimated to be about 8.0 km/s.
While in Model II it is now impossible to tell which boundary the
Mohorovi¢ié discontinuity is, the boundary between the third and the
fourth layers or that between the fourth and the fifth. Therefore, we
can only say that the velocity of P, is 7.4-7.5km/s and the Mohorovi¢i¢
discontinuity is about 25km deep under Kurayosi shot point, or the
velocity of P,, 8.0-8.2km/s and the Mohorovici¢ discontinuity, about
50 km deep under Kurayosi shot point, However, 7.4-7.5km/s may be
too small for the velocity in the upper mantle even in Japan and also
the true velocity larger than 8.0 km/s may be too large for the upper
mantle in Japan. As mentioned previously, the big difference of two
models in the deeper part of crust is due to coarse observations not only
for the Hanabusa explosion at a distance larger than 150 km but also
for the Kurayosi explosions in the range from 170 to 260 km. These
are left for future studies.

§ 5. Conclusions

The crustal structure in the western part of Japan was derived from
data of the Kurayosi and Hanabusa explosions as given in Figs. 8 and
4. The existence of the layer of 6.1km/s becomes convincing because
of good first and later arrivals, Also the existence of the layer with
velocity 6.4-6.6 km/s was ascertained.

The apparent velocity larger than 8.0 km/s was obtained pretty
clearly. However, for the structure of the deeper part of the crust two
possibilities, Model I and Model II, were tentatively proposed. Both
are different from models obtained previously in the other parts of Japan,
That is, in Model I there is a gap in the Mohorovici¢ discontinuity
and in Model IT above the layer of 8.0-8.2km/s there is another layer
with velocity 7.4-7.5km/s. By observing at stations more distant than
300km, adding more and better data on the same profiles, especially
on the profile from Hanabusa and improving techniques of observation
as well as analysis, the results obtained here are expected to be checked.
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Fig. 7. Seismograms for the Hanabusa explosion. Ty, Te, T,, ete. are given in the text.




