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Abstract

In October 1982, a seismic refraction experiment was conducted by
the Research Group for Explosion Seismology in the Miyota-Shikishima
Profile in Nagano and Yamanashi Prefectures, central Japan. Five
shots were fired on the 60 km-long profile. The upper crustal structure
derived from travel-time data is simple and has a high velocity
gradient; 4.0km/s at the surface to 6.0km/s at about 2.5km depth.
Based on the amplitude-distance pattern of the refraction phases, we
confirmed the existence of the velocity gradient. A few explosive
sources generated clear S waves with amplitudes large enough to be
read. We obtained an average POISSON’s ratio of around 0.246 in the
uppermost crust from S to P travel time ratios. The other later
arrivals were interpreted as reflected phases from a deep interface,
the Conrad discontinuity. We modeled the interface shape by the
ray-tracing technique. The interface inclines teward the north by
about 20°.
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1. Introduction

The fourth explosion seismic observation experiment under the Japanese
Earthquake Prediction Project was conducted in October, 1982 along a
profile from Miyota, Nagano Prefecture, to Shikishima, Yamanashi Pre-
fecture. The profile lies near the central part of the Fossa Magna, which
is known as the greatest topographic depression in central Honshu. The
total length of the profile is about 60km (Fig. 1). In the area around
the profile, no active faults have been found and seismic activity has been
low (RESEARCH GROUP FOR ACTIVE FAULTS, 1980). In this paper, the
results of interpretation of these explosion data are presented. The funda-
mental data such as shot locations and observation sites, travel times,
record sections, etc. are presented in a separate paper (RESEARCH GROUP
FOR EXPLOSION SEISMOLOGY (RGES), 1986).
~ Previous studies on the three profiles conducted in 1979, 1980 and 1981
(Fig. 1) under the Japanese Earthquake Prediction Project revealed a
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Fig. 1. (a) Tectonic lines in central Japan (broken lines) and the refraction profiles
by RGES (solid lines with crosses, which indicate shot points). MTL, Median
teconic line; ATL, Akaishi tectonic line; ISTL, Itoigawa-Shizuoka tectonic line;
KCTL, Kashiwazaki-Choshi tectonic line. The Fossa Magna lies between ISTL

and KCTL. (b) Shot (crosses) and observation points (open circles) of the 1982

experiment. (¢) Map showing prefectures and places quoted in this study.
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highly heterogeneous upper crust beneath the Izu Peninsula and beneath
the profile from south-western Niigata Prefecture to western Nagano
Prefecture (ASANO et al., 1982; YOSHII et al., 1985; IKAMI et al., 1986).
The present study, however, shows a simple upper crustal structure beneath
the Miyota-Shikishima profile.

2. Summary of Explosion Experiments

The total profile length is approximately 60km and about 60 temporal
stations were arranged along it. The average station spacing is about 1
km. Five shots on the profile and a shot about 50 km south of the profile
were fired. Dynamite from 300kg to 800kg was detonated in bore holes
50m to 70m deep. Shot and observation points are shown in Fig. 1 and
shot point locations, shot times and charge weights are listed in Table 1.
The seismic data were recorded on portable cassette-recording seismographs,
each equipped with a 2-Hz vertical component seismometer (L-22D, Mark
Products Co. Ltd.). The seismic signal was recorded in FM or PCM
formats. The frequency response of the recording system was flat in the
range 0.5Hz to 30 Hz. Every chronometer was checked against JJY, a
Japanese standard time signal broadcast by radio, before and after the
recording time of the seismic signals. When the time signal could be
clearly received during recording time, it was recorded together with a
seismic signal on a separate channel. Therefore, time accuracy was kept
better than 0.01s.

In the early experiment along longitudinal line 139°E(1961-1963 in Fig.
1), about 50km east of the present profile, refraction phases from the
Conrad discontinuity were clearly observed (HOTTA et al., 1964). The
shot point 8-6 about 50 km south of the present profile (Fig. 1) was chosen
for the purpose of observing the reflected phases from this discontinuity.
However, the record section of shot S-6 (Fig. 8-6 in RGES, 1986) shows
no distinct later arrivals. Therefore, observed data from S-6 were not

Table 1. Shot time, location of shot point, and charge size.

Shot Date Time Latitude Longitude Height Charge

S-1 1982 Oct. 29 01:22:00.72 36°17/29.3"N  138°32/53.5"E 81lm 500kg
S-2 Oct. 28 01:12:00.36 36 1019.8 138 32 0.5 864 400

S-3 Oct. 28 01:02:00.10 36 1 2.2 138 3253.4 1140 300
S-4 Oct. 28 01:22:00.00 355328.1 138 31 30.0 1208 400
S-5 Oct. 20 01:02:00.17 35 4513.4 138 32 38.7 730 500
S-6 Oct. 29 01:12:00.08 35 1947.2 138 30 7.8 480 800
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used in the following analysis.

3. Interpretation

An example of the record section is given in Fig. 2 (for all sections,
see RGES, 1986). Impulsive first arrivals were obtained on the majority
of the records. In addition to the first arrivals, we can see later arrivals
(denoted by “S” and “R”) correlated from trace to trace. We can more
clearly see these arrivals on the other record sections as shown in Fig. 10.
An interpretation of the later arrivals is described a later section.

To obtain the velocity near the ground surface, observations with
about 100m station spacing were carried out at six points near each shot
point. These travel time plots gave the same velocity of about 4.0km/s
regardless of the shot point (RGES, 1986). Thus we assumed this velocity
for the surface layer along the profile.

3.1 Travel times of the first arrivals

Figure 8 shows the travel time plots of the first arrivals with a
reduction velocity of 6.0km/s. The travel-time curves are smooth, and
an apparent velocity around 6.0 km/s can be observed through the profiles.
Except for the S-1 plots, intercept times are very small (less than about
0.3s). On the other hand, the apparent velocity for shots S-2 to S-5
becomes smaller than 6.0km/s near shot point S-1. These features
suggest that the surface layer is thin and that the seismic basement has
a velocity of about 6.0 km/s and dips to the north near the shot point S-1.

The time-term method was applied to interpret the travel time data.
First we assumed a constant velocity in the refractor and obtained the
velocity of 5.97km/s in it. Figure 4(a) shows the time terms of the
basement along the profile. Assuming the constant velocity of the surface
layer, we obtained the shape of the basement boundary, which is approxi-
mately flat except at both ends (Fig. 4(b)).

A detailed inspection of the travel time plots (Fig. 3) indicates that
the apparent velocity slightly increases with distance except near the shot
S-1. This may imply a velocity increase with depth in the basement
layer. Then we applied the time-term method assuming that the velocity
is a linear function of distance (YOSHII and ASANO, 1972). The result is
Vp=5.70-+0.00457«D, where Vp is velocity in km/s at a shot distance D
in km. Figure 4(c) shows the time terms obtained based on the above
assumption. They are somewhat smaller than those obtained assuming the

constant velocity (Fig. 4(a)). The shape of the basement boundary obtained
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Fig. 2. Record section for S-4. Arrows indicate direction of phases “S”
and “R”. :
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from Fig. 4(c) is approximately the same as shown in Fig. 4(b), but the
depth of the boundary is shallower by 200-300m than in Fig. 4(b) in the ‘
range of S2-S4. The velocity in the basement layer increases as shown
in Fig. 5, which was derived from above formula. For comparison’s sake,
the velocity-depth profile derived from data around Nagano Prefecture
(IKAMI et al., 1986) is also shown by a dashed line. The velocity gradient
in the present profile is larger than that obtained beneathe Nagano Pre-
fecture. The crustal structures derived from two time-term methods are
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Fig. 4. (a) Time terms obtained by assuming a constant velocity in the refractor.
(b) Topography and crustal structures derived from both time terms in (a) and
(e). Values with parentheses are those derived from time terms in (c¢). Note
that the model is displayed with vertical exaggeration of 4:1. (c¢) Time terms
obtained by assuming that the velocity is a linear function of distance.

summarized in Fig. 4(b).

3.2 Amplitude study of the first arrivals

BANDA et al. (1982) demonstrated, on the basis of synthetic seismo-
grams, that interpretation of the amplitude data led to a more reliable
estimate of velocity-depth structure of the upper crust. Then we tried
to study the amplitude-distance pattern of the first arrivals to confirm the
velocity gradient obtained above (Fig. 5). The maximum amplitudes
(peak-to-peak) of the first cycle were read in pgm/s. The amplitude-distance
data were compared with those obtained from synthetic seismograms for
assumed velocity models. We used the reflectivity method to calculate
the synthetic seismograms (FUCHS and MULLER, 1971; SASATANI, 1985).
This technique is valid at all frequencies but requires velocity models
consisting of laterally homogeneous and isotropic layers. The time terms
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Fig. 5. Velocity-depth relation obtained in the present study
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Prefecture (dashed line; IXKAMI et al., 1986). Depths
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sec M2
o 10
@
o B L -
' -
[ ad 00 T 1 1 1 t i 1 i T T T 1 1] 1 1 T T 1 T
0 10 20 30 40
DISTANCE km
(a)
10 0
w 10!
[=)
=]
=
= oy
a
S o 3
10 u
10-3 5L
km
0 10 20 30 40 (c)

DISTANCE km
(b)

Fig. 6. (a) An example of a synthetic record-section with a dominant frequency of
10Hz for model M2. The amplitudes are multiplied by the distance. (b) The
amplitude-distance curves for five models (M1 to M5). (¢) The velocity profiles
for these models.




Upper Crustal Structure under the Central Part of Japan 41

obtained (I'ig. 4) may indicate that the basement from the shot point S-2
to the shot point S-4 is approximately flat. Then we did an amplitude
study for the data from shots S-2, S-8 and S-4. In the calculation of
synthetic seismograms, we ignored the influence of attenuation on the
amplitude of the first arrival, because this influence was not so strong in
a short distance range (BANDA et al., 1982).

Five velocity-depth models (M1 to M5) were constructed on the basis
of interpretation of travel time data. Ml is a single-layered model with
a constant velocity (Fig. 6(c)). Models M2 to M5 have velocity gradients;
they have the same gradient in a depth range of 1 to 2.5km, but differ-
ent surface layers and different thicknesses of the gradient zone (Fig.
6(c)). An example of a synthetic record section (vertical ground velocity
with a dominant frequency of 10Hz) is given for model M2 at the top of
Fig. 6, and the amplitudes of each trace are multiplied by the distance
for a more accurate reading of the amplitudes. The resulting amplitude-
distance curves for five models are displayed in Fig. 6(b). The travel
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42 T. SAsATANI, T. YosHt, A. IkAmI, T. TANADA, T. NisHIKI and S. KATO

time character of these models is approximately the same. The amplitude-
distance curve for model M1 is significantly different from the gradient
models. The curve for model M2(M3) is essentially indentical to that for
model M4(M5). This implies that the surface layers have no influence on
the amplitude-distance curve. The thickness of the gradient zone rather
influence the amplitude-distance pattern; a decrease in the thickness of
the gradient zone leads to a faster drop off of the amplitudes with distance.

Amplitude data for shots S-2, S-3 and S-4 are plotted in Fig. 7.
Although the scatter in the data is large, the data show amplitude-
distance behavior characterized by a rapid decrease in the first 10km and
a smooth decay out to about 40 km. This behavior may be explained by
the amplitude-distance curves for the gradient models (Fig. 6(b)). Since
amplitude data exhibit a considerable decrease beyond a distance of 30 km,
we prefer model M2 or M4; in Fig. 7, the amplitude-distance curve for
model M2 is shown by a dashed curve, which was visually adjusted
to the observed data. However, we have no strong reason to deny model
M3 or M5 because of the large scatter in the data. Nevertheless, the
amplitude study of the first arrivals provided good evidence for a strong
velocity gradient in the uppermost crust.

3.3 Travel times of the later arrivals

The later arrivals denoted by “S” in Fig. 2 have an apparent velocity
of about 3.5km/s (Fig. 8). Judging from the apparent velocity rotio of
the first to the later arrivals (6.0/3.5=1.71, which is the generally observed
value for Vp/Vs in the upper crust), these arrivals can be regarded as S-
waves radiated directly from the explosive source. Recently combined
analysis of P and S wave data from seismic refraction profiles has led to
the derivation of a POISSON’s ratio model for the crust (e.g., ASSUMPGAO
and BAMFORD, 1978 ; EL-ISA et al., 1987 ; HOLBROOK et al., 1988). POISSON’s
ratio is an important constraint on estimates of the composition and
physical state of the crust. Unfortunately, in this experiment not all of
the shots generated good S waves and not all stations has S waves with
amplitudes large enough to be read (see Figs. 2 and 8). These facts
precluded the use of only the S wave data to obtain an independent model
of S velocity structure. Then we used S to P travel time ratios to
calculate POISSON’s ratios (¢) in the uppermost crust.

The S-times were picked with the help of low pass filtered records
(Fig. 8). For each station and for each phase, S travel times Ts were
divided by the corresponding P travel time T'p and these ratios Ts/Tp are
plotted against distance from the shot in Fig. 9. Although scatter in the
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data is large due to the difficulty of reading shear waves and picking
their onsets accurately, the ratios are in the range of 1.70 to 1.75 roughly
independent of the shot points and distances. The average for all the
data is Ts/Tp=1.724 which corresponds to ¢=0.246. This value of
POISSON’s ratio is close to that generally observed in the uppermost crust,
except for some sedimentary layers having a high ratio around 0.32 (e.g.,
ASS‘UMP?AO and BAMFORD, 1978; EL-ISA et al., 1987; HOLBROOK et al.,
1988).

The later arrivals denoted by “R” in Fig. 2 can be seen more clearly
on record sections of S-2 and S-5, as shown in Fig. 10. We mainly inter-
preted these data. The later arrivals are considered to be reflected phases
from a deep interface, the Conrad discontinuity. The time differences
between the first and the later arrivals for section S-5 are much smaller
than those for section S-2. If we assume that these later arrivals are
reflected phases from the same interface, this indicates that the interface
inclines toward the north. We applied a simple ray-tracing technique to
model the interface shape (IWASAKI, 1983). The upper crustal structure
used in ray-tracing was constructed as follows: to a depth of 5km we
used the model obtained from the time-term method assuming the velocity
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gradient (Fig. 5); below that depth, since we have no information about
velocity structure, we tentatively assumed a slight velocity gradient as
shown in Fig. 10(a). The interface shape was iteratively improved by
comparison of calculated travel times with observed ones. The final model
is presented in Fig. 10 together with the ray diagram. The interface dip
is about 20°. Of course, this model is not unigue because there is no
information about velocity structure beneath a depth of about 5km, but
the later arrivals “R” demonstrate the existence of the inclined Conrad
discontinuity. '

4. Conclusion

The upper crustal structure in the Miyota-Shikishima profile is simple
compared with those beneath the Izu Peninsula and beneath the profile
from southwestern Niigata Prefecture to western Nagano Prefecture
(ASANO et al., 1982; YOSHII et al., 1985; IKAMI et al., 1986). This struc-
ture, however, has a high velocity gradient in the uppermost crust; 4.0
km/s at the surface to 6.0km/s at about 2.5km depth. Based on the
amplitude-distance study of the refraction phases we confirmed this con-
clusion. A few explosive sources generated strong S waves and S to P
travel time ratios gave POISSON’s ratio of around 0.246 in the uppermost
crust. Generally S waves do not propagate very well through complex
subsurface structures (ASSUMPCAO and BAMFORD, 1978). Strong generation
of S waves in this experiment may be caused by the simple structure and
high velocity gradient. We observed the other later arrivals that were
interpreted as reflected phases from a deep interface, the Conrad disconti-
nuity. We modelled the interface shape by using a ray-tracing technique.
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Upper Crustal Structure under the Central Part of Japan
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