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Abstract: The aftershock region of the Miyagiken-oki earthquake on June 12, 1978
(M =7.4) is separated into eastern and western parts by a seismic gap along 142°E and
at 33km in depth. The focal depths of aftershocks in the eastern region are shallower
than those in the western region.

Analog records of P waves for 110 aftershocks (M-—1.8~~3.6)., which were
observed at Saikawa (SAK) in Miyagi prefecture, are filtrated by the use of six band-
pass filters with center [requencies from 1 to 32 Hz. Source spectra of the aftershocks
are calculated from the amplitudes of these filtrated records which are corrected by the
factors of inelastic attenuation and geometrical spreading, The corner frequencies of
most spectra lie between 4 and 16 Hz and decrease with increasing spectral amplitude
at 4 Hz, which corresponds to seismic moment. The spectral amplitude at 4 Hz for the
aftershocks in the western region is on the average 2.4 times larger than that in the
eastern region for a fixed corner frequency. This implies that the average stress drop of
aftershocks in the western region is larger than that in the eastern region.

1. Introduction

It has frequently been reported that the mechanism of earthquake occurrence
depends strongly on regional characteristics such as geological structure and/or stress
distribution in a source region, and that the source spectrum of an earthquake shows
the variation closely related to the location of hypocenter. Tor example, Tsujiura (1969)
and Wyss and Brune (1971) reported some cases where high frequency components of
source spectrum increase with increasing depth of hypocenters. The variation in the
source spectrum has sometimes been interpreted in terms of the change in stress drop.
Aoki (1976) and Masuda (1978) demonstrated the increase of stress drop with depth for
shallow microearthquakes occurring in Tohoku district (northeastern part of Honshu),
Japan.

A big earthquake named Miyagiken-oki earthquake (M=7.4) occurred off the
northeastern Pacific coast of Japan on June 12, 1978. The result of Observation
Center for Earthquake Prediction, T6hoku University (1978) clearly indicated that all
the aftershocks have taken place at the upper boundary of subducting Pacific plate in
this district. Another interesting feature reported by the Center (1978), as well as by
the relocation work by Hamaguchi et al. (1979), is that a seismic gap along 142°E
separates the aftershock region into eastern and western parts. The main purpose
of this study is to examine whether or not is there any difference between source specrta
of aftershocks in the two parts, and to get the information on difference in stress

conditions in the two regions.
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2. Data and method of analysis

Many of aftershocks of the Miyagiken-oki ecarthquake were observed by the
network stations of Tohoku University together with several temporary stations,
locations of stations being shown in Fig. 1. The data for the present study are based
on the seismograms of vertical component recorded by an electromagnetic seismometer
with natural frequency of 1 Hz at one of the temporary stations; Saikawa (SAK) at 37.
813°N, 140.841°E. Detailed descriptions about observational system at SAK are given
in the paper by Hamaguchi et al. (1979).

The hypocenters of aftershocks are relocated by Hamaguchi et al. (1979) using P
and § times at all stations. The horizontal and vertical distributions of hypocenters
during the period from June 13 to June 30 are represented in Figs. 2 (a) and (b), respec-
tively. These figures indicate that the aftershocks are concentrated in aregion between
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Fig. 1 Location of stations. Crosses indicate network station of Téhoku University. Stations
except Yamizo represented by solid circles are temporary stations. Yamizo is a permanent
station of Utsunomiya University. A cross off KNK station indicates the location of
epicenter of the 1978 Miyagiken-oki earthquake.

a (b) 141 144°E
(@) Nia1 liaz Naz*E J : =k T
" 2 o
a i + .
e ., JUNEI3 .
JUNE 13 SO 2 T AT GNe 30 +
- JUNE 30 . I ; [ |
; |

Fig. 2 (a) Location of epicenters of aftershocks from June 13 to June 30.
(b) Location of hypocenters projected on a vertical E-W cross section.
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141.5°E and 143.0°I, 38.0°N and 38.7°N, and that most aftershocks are located on a
plane dipping towards west. As stated before, there is a seismic gap along 142°E,
corresponding depth being 33 km, and the aftershock region can be divided into two
parts. The eastern or shallower part will be tentatively referred to as A and the
western or deeper part as B in the following discussion.

The spectral analysis is made for 110 seismograms of the aftershocks in the regions
A and B. The magnitudes of these events range from 1.8 to 3.6. The so-called
analog method (Tsujiura, 1966 and 1967) is adopted using six band-pass filters of which
frequency characteristics are illustrated in Fig. 3. Center frequencies of the filters
are 1, 2, 4, 8 16, and 32 Hz and attenuation slope is 24 dB/oct.  Some examples of
original seismograms and their filtrated records are given in Figs. 4 and 5, respectively.

According to Aki and Chouet (1973), the maximum amplitude 4 of a wavelet is
approximately expressed by the product of amplitude spectral density F and twice the
band width 4f,

F— AJ24f. (1)

Thus, defining the band width so as to be the frequency range between two -3 dB
points in amplitude response of each filter, the amplitude spectrum of P waves
can be estimated from the filtrated record by using equation (1).

For the comparison of source spectra, the above estimated spectral amplitude must
be corrected by the factors ol inelastic attenuation, geometrical spreading and radiation
pattern, In this study the correction of geometrical spreading is made under the
assumption of point source in homogeneous infinite space and the coefficient of radiation
pattern is assumed to be 1.0 for every event. These assumptions are considered to be
permissible from the following approach. Fig. 6 shows the relation between the spectral
amplitude at 4Hz of each aftershock and its magnitude determined by Observation
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Fig. 3 Frequency characteristics of band pass filters. f, indicates center {frequency.
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Fig. 4 Seismograms in vertical component observed at SAK station. 7 and D indicate travel
time of P wave and source depth, respectively.
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Fig. 5 Filtrated records corresponding to the seismograms in Fig. 4.
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Center for Earthquake Prediction, Téhoku University, based on the I-P time, i.e., the
total duration of earthquake motion. All the spectral amplitudes at 4Hz are equalized
to a hypocentral distance of 100 km and are corrected by the attenuation factor which
will be estimated in the next section. The solid and open circles in the figure indicate
the aftershocks in the regions A and B, respectively. The logarithmic spectral am-
plitude at 4H; with the corrections described above is in proportion to the magnitude
of aftershocks in both regions and the difference between the relations in regions A and
B is negligible.

3. Attenuation factor

Seme typical examples of displacement spectra for P waves observed at SAK station
are given in Fig. 7. This figure shows that the corner frequencies for most of events
are between 4 and 16 Hz and that they have a tendency of decrease with increasing
amplitude at 4 Hz which corresponds to the seismic moment of the earthquake. The
ratio of spectral amplitudes at 16 and 32 Hz is seen in Fig. 8, which indicates no
systematic change in the ratio against the amplitude at 4Hz. This implies that the
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Fig. 6 Relation between magnitude obtained from F-I
time and spectral amplitude at 4Hz. The magni-
tudes are determined by Observation Center for I |””I -

Earthquake Prediction, To6hoku University. The | 10 Hz
spectral amplitudes are corrected with Q= 1000 and Frequency

equalized to a hypocentral distance of 100 km. Fig. 7 Some examples of P wave
Solid and open circles indicate the values of the spectra of aftershocks observed at

events in the regions A and B, respectively. SAK station.
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Fig. 8 Relation between the spectral ratio (16 Hz/

32Hz) and amplitude (4Hz).
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Fig. 9 Relation between the spec-

tral ratio (16Hz[32Hz) and
travel time. The ratios are
averaged for a interval of 1
sec in P wave travel time.
Solid curve indicates the best
fit curve calculated by the
least squares method.
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Fig. 10 Some examples of source spectra.
All the spectra are corrected with Q—
1000 and equalized to a hypocentral
distance of 100 km.

Hz

Fig.

Frequency

Il  Schematic source spectra considered
from the observed data. The decay rate
in spectral amplitude beyond corner {re-
quency is proportional to w8028 and
corner of each spectrum lies on a slope
of w3 The scale of vertical and hor-
izontal axes is logarithmic.
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slope of decay of spectrum in the frequency range higher than 16 Hz is independent
of the size of earthquakes or the value of corner frequency. Then the attenuation factor
may be obtained from the ratio of observed spectral amplitudes at 16 and 32 Hz, say
R(T), according to the relation,

R(T) = R,-exp (16/1T/Q) , (2)

where R, is the ratio of spurce spectrum at 16 and 32 Hgz, 7 is travel time and @ is
quality factor for P wave. The values of R(7) are averaged [or an interval of 1 sec in
travel time and represented in Iig. 9 versus 7. The best fit curve by means of least
squares method gives the values of ) and R, of 10004200 and 3.5+0.6 respectively.
Source spectra obtained from the observed spectra in Fig. 7 by the use of the above
estimated quality lactor are seen in Iig. 10. All the spectra are equalized to a
hypocentral distance of 100 km. The simple model for source spectrum may  he
considered from them to be such that (1) the spectral amplitude at 4Hz or less is flat
corresponding to the seismic moment, (2) the corner frequency increases with dereasing
seismic moment, (3) the decay rate in spectral amplitude beyond corner frequency is
constant and (4) the slope of the decay in spectral amplitude beyond corner frequency
has the same value irrespective of size of earthquake. This model is schematically
Mlustrated in Fig. 11.  The slope of decay beyond corner frequency is evaluated to be
proportional to w 18£025 from the observed ratic of R, and the rate of change in the
amplitude at 4 Hz which corresponds to seismic moment, with respect to the corner
frequency is assumed to be proportional to w39 based on the obtained source spectra.

4. Comparison of source spectra for aftershocks in the regions A and B

The relation between spectral amplitudes at 4 and 16 Hz is examined to investigate
the difference in source spectra in the regions A and B. The amplitudes at 16 Hz for the
aftershocks in each region are represented against those at 4 Hz in Fig. 12, where the
amplitudes are corrected with ()=1000 and normalized to those at 100 km in distance.
The upper and lower figures correspond to the regions A and B, respectively.

From our model described in the previous section, the relation between amplitudes
at 4 and 16 Hz is expected as follows: For small earthquakes whose corner frequency is
above 16Hz, the amplitude at 4Hz is equal to that at 16Hz and the relation should
follow the straight line represented by ab in Ilig. 12. For large earthquakes whose
corner frequency is lower than 4Hz, on the other hand, the ratio of amplitudes at 4 and
16Hz should be kept constant irrespective of earthquake size. Then the relation
should be expressed by the line ed. Tor intermediate earthquakes of which the corner
frequency lies between 4 and 16 Hz, the relation is expected to be shown by the line be
in Fig. 12,  Therefore, the points of b and ¢ indicate the amplitudes for the earthquakes
with the corner frequencies of 16 and 4 Hz respectively. This situation is well
represented by the actual data shown in Fig. 12.

However, there is a difference between Fig. 12(A) (upper figure) and Fig. 12(B)
(lower figure), which correspond to the aftershocks in the regions A and B respectively.,
The lines be in Figs. 12(A) and 12(B) represent the results of best fit estimate by
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Fig, 12 Relation between spectral amplitudes at 16 and 4 Hz.  All the amplitudes are cor-

rected with = 1000 and equalized to a hypocentral distance of 100 km. # indicates the
range of focal depth of aftershocks in the regions A and B. The solid and dotted lines

with a, b, ¢ and d are explained in the text. The upper and lower figures are called (A)

and (B), respectively.

means of least squares method, the gradient of the lines being fixed according to our
model. Dotted lines show the error range determined by the standard deviation around
the lines be. It is found that the best fit lines in Figs. 12(A) and 12(B) differ from each
other. Actually the abscissa, which is the amplitude at 4Hz, of the points of b and ¢ for
the aftershocks in the region A (Fig. 12(A)) is calculated to be 1.383¢10-8c¢cm-.sec and
8.81¢ 10 7 cm.sec respectively, on the other hand, the abscissa for events in the region
B (Fig. 12(B)) are estimated to be 3.25x10-% cm-.sec and 2.08x 10-% cm-sec. This
difference implies that the amplitude at 4Hz, which correspond to seismic moment, of
aftershocks in the region B is 2.4 times larger on the average than that in the region A
for a fixed corner frequency. In other words, the average stress drop of aftershocks in
the region B is larger than that in the region A.
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5. Summary and discussion

The aftershock area of Miyagiken-oki earthquake on June 12, 1978 can be divided
into two regions A and B by a seismic gap along 142°E. The focal depths of after-
shocks in the region A, eastern part, are shallower than those in the region B. The
spectral analysis of aftershocks in each region reveals that the spectral amplitude at 4Hz,
which corresponds to seismic moment, of the events in the region B is 2.4 times larger
on the average than that in the region A for a fixed carner frequency. This implies
that the average stress drop of aftershocks in the region B is larger than that of events
in the region A,

Hamaguchi et al. (1979) shows in the statistical study on number of aftershocks
during June that the b-value is smaller for aftershocks in the region B than that in the
region A. According to the results of the laboratory experiments of rocks (Scholz, 1968),
the b-value decreases with increasing stress level for microfracture in uniaxial com-
pression. If this is applied to the aftershock occurrence in the present case, our result
implies that the region B is in the state of higher stress than the region A.

Masuda (1978) stated that the stress drop of microearthquake in Téhoku region
increases with its focal depth. The above conclusion in our study is compatible with
his results, taking the distribution of focal depth of aftershocks in the regions A and B
into consideration. Another possible interpretation is that the difference in stress drop
of aftershocks is due to the difference in locations of aftershock regions A and B.
The problem which of the interpretations is valid is open to further study.
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