BuULLETIN OF TOE EARTHQUAKE
RESEARCH INSTITUTE

Vol. 58 (1983), pp. 25-63

2. Westward Movement of the Seismic Activity
Associated with the Earthquake of July 23,
1982 off Ibaraki Prefecture, Northeastern
Honshu, Japan.

By Megumi MizOUE, Isao NAKAMURA, Heihachiro CHIBA,
Mitsuru YosHiDA, Hiroko HAGIWARA,

Earthquake Research Institute,
and

Takashi YOKOTA,

Meteorological Research Institute,
Japan Meteorological Agency.

(Received January, 1983)

Abstract

The earthquake of July 23, 1982 (M 7.0) off Ibaraki Prefecture,
Northeastern Honshu was accompanied by remarkable foreshock and
aftershock activities after the quiet period of seismicity for about 16.5
years since 1966. Three earthquake provinces were specified in the
trench side, the transitional and the coastal zones through a systematic
westward movement of the aftershock activity.

In the earlier stage of the movement, a seismic activity of a
shallow focal depth of less than 30 km took place in the trench side
provinee including major quakes of M 5.9~6.2. An aseismic area of
80~40km in length, a possible locked portion on the plate boundary,
separated the trench side province from the transitional one, where
both shallow and the pronounced double-planed deeper origin earth-
quakes were observed. In the succeeding stage of the westward
movement, the seismic activity in the coastal province seemed to be
slightly strengthened on the double-planed seismic zone. A penet-
ration of seismic activity as deep as 60~80 km in the east coast of
Ibaraki Prefecture was observed coupled with the occurrence of the
earthquake of February 27, 1983 (3 6.0) in the south of Ibaraki
Prefecture. It can be suggested from these evidences that the west-
ward movement of the aftershock activity were closely related to
regional effects of the subduction of the Pacific plate off and in the
coast of and in the southern part of Ibaraki Prefecture.

1. Introduction

Based on a preliminary survey of .the activity.of large earth-
quakes (M>6.0) off the Pacific coast of Japan, UTSU (1974-a) classified
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seismic regions into several types according to the pattern of earth-
quake occurrence in space, time and magnitude. He proposed a divi-
sion of the seismic zone off Ibaraki Prefecture as represented by the
two zones, one on the coastal side and the other on the trench side.
The former is characterized by large earthqakes of M up to about 7.5
tending to occur in swarms and the latter by a sporadical occurrence
of large earthquakes.

A continuation of a quiet seismicity off Ibaraki Prefecture since
1966 was noted by KATO et al. (1981) from statistical studies of the
rate of earthquake occurrence. UTSU (1980) pointed out the predominant
tendency of high frequency earthquake occurrence during the last ten
years. NOGUCHI (1982) suggested an increase of stress level in the
region on the basis of the results obtained by UTSU (1980). It can be
understood in this connection that the earthquake off Ibaraki Prefecture
of July 23, 1982 marked a new stage of seismic activity for the release
of the strain energy accumulated in the preceding quiescent period
since 1966.

The high magnification seismographic network in the Kanto
district operated by E.R.I. (Earthquake Research Institute, Tokyo
University) detected a microearthquake activity a few months before
the occurrence of the main shock on July 23. The activity was fol-
lowed by a sequence of the foreshocks, the main shock and the after-
shocks involving an extraordinarily large area coverage of about 8000
km® as compared to the ordinary case for M 17.0.

A westward movement of the seismie activity was observed in
the sequence for a several months period after the occurrence of the
main shock. Three earthquake provinces in the trench side, the tran-
sitional and the coastal zones were specified through a systematic
westward movement of the aftershock activity, in which the activities
of shallow origin on the trench side was taken over by the activities
of deeper origin near the coast.

Both shallow and the pronounced double-planed deeper origin earth-
quakes were observed in the transitional province as pointed out by
KAwAKATSU and SENO (1982) for the regional variation of seismic
activities along the Northern Honshu arc. A considerable amount of
stress level variation in space and time is suggested from the classifi-
cation of major earthquakes into the very low, the low and the high
frequency earthquakes as defined by Utsu (1980). Considering the
seismotectonic environment in the region including the background
seismicity, it can be concluded that the westward movement of the
aftershock activity was a manifestation of the interactive process
between the oceanic plate and the overriding continental lithosphere.
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2. Microearthquake observation network system

The microarthquake observation network system in Fig. 1 has been
operated by E.R.I. since September 1980. Three component short
period seismographs are installed at each of the satellite stations linked
by radio or telephone lines to the central recieving station of E.R.I. in
Tokyo. Overall frequency characteristics of the seismographs shown
in Fig. 2 have a flat responce for the velocity of ground motions in
the frequency range of 1~10Hz. The station coordinates and the
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Fig. 1. Microearthquake observation network in the Kanto district operated by E.R.I..
List of the seismographic stations of the network is given in Table 1.
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Table 1. List of the seismographic station coordinates and the magnification
of seismographs of the network in the Kanto district shown in Fig. 1.

St. Code Lat. Long. Alititude (m) Magnification at 10 Hz.
ASK 363582 13974159 80 293400
DDR 35.9983 139.1933 800 293400
FJI 35.3103 138.6789 1040 73350
HIT 36.6181 140.5873 600 146700
HOK 34.8498 139.0396 890 73350
INB 35.7019 140.8588 60 73350
KYS 35.1976 140.1482 180 146700
MKY 36.1620 140.1333 460 9170
NIK 36.6207 139.4872 1290 146700
OKY 35.2273 138.4211 620 293400
0S1 34.7891 139.3517 20 32890
oYM 35.4200 139.2430 600 100770
SEK 37.0951 139.5762 76 73350
SRY 35.6083 139.2741 250 293400
TAY 35.2147 139.6594 170 36680
TSK 36.2108 140.1097 280 293400
TSM . 35.4110 140.2292 50 18340

(a)
00
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Fig. 2. Overall frequency characteristics of
seismographs for (a) relative magnification
and (b) sensitivity used for the seismo-
graphic network shown in Fig. 1.

magnification at 10 Hz are
listed in Table 1.

As a routine work, a
preliminary hypocentral de-
termination of microeath-
quakes in and around the
Kanto distriect has been
made automatically by an
on-line base system. The
preliminary result is re-
examined by interpreters to
ensure its reliability. The
arrival time of the P and S
waves at the five stations of
HIT (Hitachi), INB (Inubo),
TSK (Tsukuba), ASK (Ashi-
kaga) and NIK (Nikko) were
exclusively used to have a
preferable geometrical dis-
tribution of the stations
relative to the epicenters off

Ibaraki Prefecture. The hypocentral determination by the fixed station
combination improves the accuracy of the relative location of hypo-
centers. The stations of HIT and INB are located in the Pacific coast
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Fig. 8. Schematic block diagram of the data processing system for microearthquake
observation. The No. 1, 2 and 3 subsystems are for a preliminary data production,
a revised data production and interactive data processings, respectively.

facing to the active seismic region off Ibaraki Prefecture. The other
three stations of TSK, ASK and NIK are located on the inland part
of the Northern Kanto district.

The data processing system connected with the microearthquake
observation network consists of three subsystems closely associated
with one another as shown by the schematic block diagram of the
system in Fig. 3. The No. 1 subsystem produces preliminary data of
the P and S arrival times, hypocentral coordinates and magnitude
values to be revised through the processings by the No. 2 subsystem
to improve their accuracy and reliability. Seismic signals are recorded
on magnetic tapes in a digital form with the processed data including
arrival times and hypocentral coordinates. The No. 3 subsystem is
available for off-line interactive processing to revise the data produced by
the No. 2 subsystem. Examples of seismic waveform data reproduced
by the No. 3 subsystem are shown in Fig. 4.

3. Space-time seismicity

3.1. Forerunning microearthquakes
The epicentral distribution of the background seismicity off Ibaraki
Prefecture at depths of 20~40 km shows a characteristic feature striking
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DATE (FROM) 80/09/01 00:00:00.00
DATE (TO) 81/10/31 23:59:58.00
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Fig. 5. Epicentral distribution of the background seismicity at depths % of 20~40km
striking in the direction of about N30°E (QQ’) off Ibaraki Prefecture during the
period from September, 1980 to October, 1981. Contour lines of bathymetric
depth are given for 200, 2000, 4000 and 6000 m.

in the N 30°E direction along QQ’ as shown in Fig. 5 nearly parallel to
the trench axis. A heavily concentrated epicentral zone at a distance
range of about 20~40 km from the coast of Ibaraki Prefecture coincides
with the eastern border of the pronounced double-planed hypocentral
distribution (TSUMURA, 1978; HASEGAWA, 1977; HASEGAWA et al., 1978),
descending beneath Honshu in the direction of about N 70°W with a
dip of about 35°. A gradual decrease of the background seismicity
towards the trench axis was found with an infrequent occurrence of
microearthquakes in the trench side region beyond the line of the
bathymetric depth of 2000 m.

During the period from May 1 to July 20, 1982, an isolated epi-
central group of microearthquakes of M 2.5~8.7 was located in the
area of bathymetric depth of 2000~4000 m near the trench as shown
in Fig. 6-(a). The activity was identified as a forerunner preceding
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Fig. 6-(a). Epicentral distribution of the forerunning microearthquakes located in the
area as enclosed by a dashed line during the period from May 1 to July 20, 1982.

the remarkable foreshoks associated with the main shock on July 23
(M 7.0). Examples of seismograms of the forerunning microearthquakes
are shown in Fig. 8-(a).
3.2. Foreshocks

The number of foreshocks and the aftershocks located by the
network in the Kanto distriet (Fig. 1) is shown for every one hour
interval in Fig. 7. The foreshock activity started about 2 days before
the occurrence of the main shock on July 23 as shown in Fig. 7 in
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DATE (FROM) 82/07/21 00:00:00.00
DATE (TO) 82/07/23 23:23:47.99
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Fig. 6-(b). Epicentral distribution of the foreshocks during the period from 0000 hours

July 21 to 2828 hours, July 23, 1982. The largest foreshock (M 5.4, focal depth %
18km) took place at 0232 hours, July 23, 1982.

b
E

nearly the same area where the forerunning microearthquakes took
place. The largest foreshock of M 5.4 at 0232 hours, July 23 was
followed by the peak of the activity from 0400 hours to 0600 hours,
July 23. The activity was on its minimum level from 1300 hours to
1900 hours, July 23. Soon after the recovery from the minimum level,
the main shock of M 7.0 took place at 2323 hours, July 23. Examples
of the seismograms of the foreshocks shown in Fig. 8-(b) can be com-
pared with those of the forerunning microearthquakes in Fig. 8-(a).
High frequency components are more predominant in case of the fore-
running microearthquakes than in the foreshocks after the occurrence
of the largest foreshock. This suggests a stress level drop caused by
the occurrence of the largest foreshock though the effect might be
limited within a very small area near the epicenter of the largest
foreshock.

In addition to the remarkable foreshock activity in the trench
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Fig. 6-(c). Epicentral distribution of the main shock (2323 hours, July 23, M 7.0, h 15
km) and the aftershocks during the period from 2323 hours, July 23 to 0253 hours,
July 24, 1982 (the first stage of the aftershock sequence).

side area, a coincident seismic activity was detected in the east coast
of Ibaraki Prefecture (OKADA et al., 1982). A comparatively strong
background seismicity in the coastal area at a distance of more than
100 km from the main shock makes it disputable to identify the activity
as a precursory phenemenon associated with the main shock on July
23.
3.3. Main shock

A large earthquake of M 7.0 took place at 2323 hours, July 23,
1982 with the epicenter of 36.29°N, 142.30°E and the focal depth of
about 15 km. It shoud be noted that the earthquake was preceded by
a 16.5 years period of low seismicity from 1966. The earthquake, the
largest of all in the sequence starting from July 22, was identified as
the main shock for the successive seismic activity lasting over several
months off and in the coast of Ibaraki Prefecture.
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Fig. 6-(d). Epicentral distribution of the aftershocks during the period from 0254 hours,
July 24 to 1701 hours, July 25, 1982 (the second stage of the aftershock Sequence).
The largest aftershock (M 6.2, focal depth 23 km) took place at 0254 hours, July
24,

Comparing the hypocentral location of the main shock with the
multichannel seismic reflection profiles off the Joban distriet (SAKURAI
et al., 1981), the main shock was located very close to the plate bound-
ary when the hypocenter was projected on the profile perpendicular
to the contour lines of equi-bathymetric depths as shown in Fig. 9
(FACULTY OF SCIENCE, ToHOKU UN~Iv., 1983). A fault plane solution
of the main shock from the initial P wave motion at 82 stations in-
dicates a reverse type faulting striking in the direction of N 13°E
with a dip angle of 85° as shown in Fig. 10. It shoud be noted that
the strike of the fault plane is nearly parallel to that of the trench
axis. The dip angle is significantly larger than that of 10~20° as
usually observed for shallow earthquakes on the plate boundary off
Ibaraki Prefecture (ABE, 1977; KAWAKATSU and SENO, 1982).
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DATE (FROM) 82/07/25 17:01:22.00
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Tig. 6-(¢). Epicentral distribution of the aftershocks during the period from 1701 hours,
July 25 to 0614 hours, August 14, 1982 (the third stage of the aftershock sequence).
Major earthquakes ((i) 1701 hours, July 25, M5.9, h 10km; (ii) 0954 hours, August
09, M 5.5, b 26 km; (iii) 0911 hours, August 09, M 5.5, h 18km) are indicated with
an arrow.

3.4. Aftershocks

Epicentral distributions in the six successive stages of the after-
shock sequence are shown in Figs. 6-(c)~(h). In the first stage of the
aftershock sequence from 2323 hours, July 23 to 0253 hours, July 24,
epicenters were mostly distributed in the area with bathymetric depths
of 2000~4000m (Fig. 6-(c)), where the forerunning microearthquakes
(Fig. 6-(a)), the foreshocks (Fig. 6-(b)) and the main shock took place.
It should be noted that the main shock was located in the eastern
extreme of the epicentral area in Fig. 6-(c) indicating a strong tendency
of westward extension of the aftershock activity. Focal depths of
the aftershocks in the first stage were mostly less than 30km. In
the second stage from 0254 hours, July 24 to 1701 houas, July 25, the
largest aftershock of July 24 (M 6.2) and its secondary aftershocks
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Fig. 6-(f). Epicentral distribution of the aftershocks during the period from 0615 hours,
August 14 to 2359 hours, August 31, 1982 (the fourth stage of the aftershock
sequence). Major earthquakes ((i) 0615 hours, August 14, M 5.4, h 81km; (ii)
0158 hours, August 16, M 5.4, h 40km: (iii) 0140 hours, August 24, M 5.8, h
17 km) are indicated with an arrow.

took place in the area with bathymetric depths of 2000~4000 m.
Epicenters were distributed with an lineation extending to the west
from the main part of the epicentral area with bathymetric depths of
2000~4000 m. In the third stage from 1701 hours, July 25 to 0614
hours, August 14 (Fig. 6-(e)), the second largest aftershock and its
secondary aftershocks took place on the northern border of the main
part of the aftershock area. An epicentral area was newly formed
several tens of kilometers west from the main part of the aftershock
area. The newly formed epicentral area was separated by an aseismic
area of 30~40km in length. Apart from the main part of the after-
shock area, two major earthquakes at 0945 hours, August 9 (M 5.6)
and at 1131 hours, August 9 (M 5.5) were located in the southeastern
margin off Ibaraki Prefecture very close to the trench axis. The
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DATE (FROM) 82,/09/01 00:00:00.00
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Tig. 6-(z). Epicentral distribution of the aftershocks during the period from September
1 to September 30, 1982 (the fifth stage of the aftershock sequence).

simultaneous activation of seismicity in the various different areas oft
Ibaraki Prefecture can be noted as one of the characteristics of the
aftershock sequence.

In the fourth stage from 0615 hours, August 14 to 2359 hours,
August 31, the seismicity in the area near the coast with bathymetric
depths of 200~2000 m was apparently activated at depths of 40~50 km,
while the seismic activities of a shallow origin in the eastern area
with bathymetric depths of 2000~4000 m decreased with a removal of
the main part of the epicentral area in the preceding stages of the
aftershock sequence. Among the three major earthquakes of August
14 (M 5.4), August 16 (M 5.4) and August 24 (M 5.8) located in the area
near the coast, the first and the second earthquakes were of deeper
origin with their focal depths of 30~40 km (Fig. 6-(f)). A noticeable
activities with M of 3.5~4.5 in the central and eastern part of Tochigi
Prefecture may be an indication of the westward movement of the
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Fig. 6-(h). Epicentral distribution during the period form October 1 to December 31,
1982.
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Fig. 7. Hourly variations in the number of the earthquakes N off Ibaraki Prefecture
located by the seismic network in the Kanto district as shown in Fig. 1.
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Fig. 8. Examples of seismograms at HIT and INB on a multichannel strip chart record
with a paper speed of 10 mm per second for (a) the forerunning microearthquakes
and (b) the foreshocks in the area enclosed by a dashed line in Figs. 6-(a) and (b),
respectirely. Note that the records of the foreshocks contain less higher frequency
components than those of the forerunning microearthquakes.

aftershock activity beyond the shore line of Ibaraki Prefecture. In
the sixth stage from October 1 to December 31, 1982 (Fig. 6-(h)), a
deeper penetration of the seismic activity as resulted from the west-
ward movement was evidently observed in the occurrence of the earth-
quake of November 10 (M 5.1) with a focal depth of about 80 km
located in the coastal area of Ibaraki Prefecture. In addition to the
activity in the coastal area, noticeable earthquakes with M of 4.0~4.3
were detected in the southeastern part of Ibaraki Prefecture.

The main shock of July 23 (M 7.0) and the accompanying major
earthquakes were classified into the groups of the very low, the low
and the high frequency earthquakes from the relation between the
maximum range of perceptibility R and magnitude M as defined by
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seismic reflection profile off Joban district

Location of the main shock of July 23 (M 7.0) is in-

dicated by an solid circle projected on the vertical cross-sectional profile along the

line XX’ as shown in the inset.

Strike NI3'E Strike NI3"E
Dip 35° Dip 38°

Fig. 10. Fault plane solution of the main shock
of July 23 (M 7.0) presented as stereo-
graphic projection of the upper hemisphere
of the focal sphere.

forms between the main shock (M 7.

UTsu (1980). The intensity
distribution of these earth-
quakes is shown in Figs.
11-(a)~(f). The main shock
of July 23 (M 7.0) with R
of 820 km was identified as a
high frequency earthquake,
while the major aftershocks
of July 24 (M 6.2) with R
300 km and of July 25 (M
5.9) with R of 235 km located
in the trench side area with
bathymetric depths of 2000~
4000 m can be identified as
a very low frequency and a
low frequency earthquakes,
respectively. A remarkable
difference of the P wave
0) of the high frequency earth-

quake and the largest aftershock (A 6.2) of the very low frequency
earthquake is represented by seismograms for these earthquakes recorded
at the selected stations on the microearthquake observation network
in the Kanto distriet as shown in Fig. 12. A stress level drop caused
by the occurrence of the main shock of July 23 is a possible explanation
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Fig. 11. Intensity distribution of the major earthquakes in the sequence from July 22
to August 31, 1982 off Ibaraki Prefecture. Epicenter is indicated by a cross. At
each observational station of J.M. A. (solid circle), the intensity in the J. M. A.
scale is given by a numeral. An empty circle indicates a station at which the
earthquake was unfelt.

for the lack of high frequency components of the two major after-
shocks located in the trench side area with bathymetric depths of
2000~4000 m. The three major earthquake of August 14 (M 5.4) with
R of 185km, August 16 (M 5.4) with B of 195 km and August 24 (M
5.8) with R of 365 km located in the coast side area with bathymetric
depths of 200~2000m were identified as high frequency earthquakes.
This suggests a continuation of a high stress level condition after the
occurrence of the main shock for a longer period of time in the coast
side area than in the trench side area.

The b-value of the foreshocks and the aftershocks in the first and
the second stages were obtained from the data of the microearthquake
observation in the Kanto district as shown in Fig. 13. A smaller value
of b of 0.56 for the foreshocks as compared to that of 0.71 for the
aftershocks was found to agree with the results obtained by various
authors as exemplified by SUYEHIRO et al. (1964) and UTSU (1974-b).
No significant difference was found between the b-values for the after-
shocks and the background seismicity.
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Fig. 12. Comparison of the P wave forms

of the main shock of 2323 hours, July
23 (the high frequency earthquake of M
7.0) and the largest aftershock of 0254
hours, July 24 (the very low frequency
earthquake of M 6.2) at the stations
of the network in the Kanto district
as shown in Fig. 1.
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Fig. 13. Magnitude frequency distributions

and the corresponding b-values for the
foreshocks, the aftershocks and the
earthquakes of the background seismie-
ity for the period from September 1980
to October 1981.

4, OQOccurrence of a large earthquake in the
south of Ibaraki Prefecture

A large earthquake with a M 6.0 took place on February 27, 1983

in the south of Ibaraki Prefecture accompanied by foreshock and after-
The fault plane solution of this large earthquake on
Feburuary 27 is shown in Fig. 14 with the location of epicenters of

shock activities.

the main shock and the accompanying earthquakes.

With a typical

reverse type faulting as for the earthquakes occurring in the area,
the large earthquake on February 27 was located in the heavily con-
centrated hypocentral zone of a background seismicity interpreted as
being caused by an interaction between the Pacific plate and the Phil-
ippine Sea plate as shown in Fig. 15 (MAKI, 1981, NATIONAL RESEARCH
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Fig. 14. Epicenters of the earthquakes of February 27, 1983 (M 6.0) (large solid circle),
foreshock (empty circle) and aftershock (small solid circle) in the south of Ibaraki
Prefecture. The fault plane solution of the earthquake on February 27 is pre-
sented as stercographic projection of the upper hemisphere of the focal sphere.

CENTER FOR DISASTER PREVENTION, 1981). Judging from the space-
time relation of the large earthquake of February 27 with the after-
shock sequence accompanying the earthquake of July 28, it is highly
possible that the large earthquake in the south of Ibaraki Prefecture
was triggered by the westward movement of the aftershocks penetrat-
ing as deep as 60~80 km.

5. Earthquake provinces

Three earthquake provinces were specified through a systematic
westward movement of the aftershock activity as described in the
followings.

i) Earthquake province (A): An earthquake provinece (A) in the
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Fig. 15. Hypocentral location of the earthquake on February 27, 1983 (M 6.0) (solid
circle) projected on the vertical eross sectional profile along SS’ in the rectangular
area enclosed by a solid line as shown in the inset. The hatched zone indicates the
lithosphere of the Philippine Sea plate.

trench side area was specified corresponding to the aftershock activity
from July 23 to July 25. In the first and the second stages of the
aftershock sequence, epicenters were mostly distributed in the area of
bathymetric depths of 2000~4000 m (Figs. 6-(c) and (d)) with focal depths
of less than about 80 km (Fig. 16-(b)). An aseismic area (G) as shown
in Fig. 16 on the western border of the province (A) was found for
the epicentral distribution in the third stage of the aftershock activity
from July 25 to August 14.

ii) Barthquake province (B): An earthquake province (B) in the
transitional zone was specified corresponding to the aftershock activity
from August 14 to September 30. In the fourth and the fifth stages
of the aftershock sequence, epicenters were mostly distributed in the
area of bathymetric depths of 200~2000 m (Figs. 6-(f) and (g)), where
both shallow and pronounced double-planed deeper origin earthquakes
were observed (Figs. 17-(a) and (b)). An aseismic area (G) separated
the two earthquake provinces of (A) and (B) with a gap of a 30~40 km
in length. The seismic activity in the province (B) showed a transitional
feature from the shallow earthquakes in the trench side province (A)
to the double-planed deep earthquakes in the coastal region.
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Fig. 16-(a). Epicentral distribution during the period from July 21 to December 31, 1982
and (b) the corresponding vertical cross sectional profile along PP’ for the rectan-
gular area enclosed by a solid line as shown in the inset. Major earthquakes in
the seismic sequence associated with the earthquake of July 238, 1982 (M 7.0) are
indicated by large empty circles with a heavy line. The aseismic area (G) separat-
ing the earthquake provinces (A) from (B) is enclosed by a dashed line.
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Fig. 17-(2). Epicentral distribution of the background seismicity during the period
from September, 1980 to October, 1981 and (b) the corresponding vertical cross
sectional profile along the PP’ for the rectangular area enclosed by a solid line as
shown in the inset. Earthquake provinces and the aseismic area in the text are
designated as (A4), (B), (C) and (G), respectively.
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Fig. 18-(a). A schematic illustration of the orderly
arrangement of the earthquake provinces (A),
(B) and (C), the aseismic area (G) and the
region of strong background seismicity Z and
(b) the corresponding vertical cross sectional
profile from (A) to (C) with an indication of
the location of the main shock of July 23, 1982
(M 7.0) by an empty circle and seismic zones
by hatched area.

iii) Earthquake province
(C): An earthquake province
(C) of the coastal area was
specified corresponding to
the aftershock activity from
November 1 to December
31. In the sixth stage of
the aftershock sequence,
a comparatively large num-
ber of earthquakes of M
4.0~5.1 were located in the
coastal and inland areas of
Ibaraki Prefecture, though
small and microearthquakes
were still extensively dis-
tributed off Ibaraki Prefec-
ture. The seismic activity
in the coastal province were
closely related to the double-
planed seismic zone dipping
to the west at depths of
60~100 km.

A schematic illustration
of the arrangement of the
earthquake provinces (A),
(B) and (C) is shown in Figs.
18-(a) and (b) with an indi-
cation of the hypocenters
of the main shock of July 23.

6. Westward movement of the aftershock activity

The aftershock sequence accompanying the main shock of July 23,
1982 can be understood in the framework of the westward movement
of the aftershock activity. The main shock located on the eastern
border of the province (A) is associated with a reverse type faulting
with a comparatively large angle of 35° branching from the thrust of

a low dip angle on the plate boundary as

shematically shown in Fig.

18. The aseismic area (G) located between the provinces (A) and (B)
suggests an existence of a locked portion on the interplate boundary
preventing successive faultings to the west related to the aftershock
activity. The seismic activity in the province (B) was strongly affected
for 24~82 days after the main shock occurrence on July 23, related to
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Fig. 19. Daily variations of the number of earthquakes N in the earthquake provinces
(A), (B), and (C) located by the microearthquake observation network shown in Fig. 1.

an interaction of the seismic zones at different depth levels as shown
in Fig. 18. The seismic activity in the province (C) was slightly
activated during the period of more than three months after the main
shock occurrence related to the faultings on the upper plane of the
double-planed seismic zone.

In the earlier stage of the aftershock sequence when the seismie
activity stayed within the province (A), the aftershock area was about
1800 km?® nearly equal to the value of 1400km® as expected from the
empirical formula of log S=1.02 M,-4.0 (UTsU and SEKI, 1955), where
S is the aftershock area measured in km® and M., is magnitude of the
main shock. Towards the end of the sequence, the aftershock area
became as large as 8000 km® extending from the province (A) to (C).
The temporal variation of the activity in the province (A) was charac-
terized by a typical sequence of foreshocks-main shock-aftershocks,
while a swarm type activity was predominant in the province (B) as
shown in Fig. 19. Therefore, the abnormally large aftershock area
was produced by the westward movement of the seismic activity in
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Fig. 20-(a). Annual variations of the number of earthquakes N (M=6.0, focal depths
R<90km) in the south and the southwest of Ibaraki Prefecture enclosed by a
rectangle with an indication of the corresponding earthquakes in the inset, (b)
those of N (M>5.5, focal depths 2 <90km) off and in the coast of Ibaraki Prefec-
ture enclosed by a rectangle in the inset and (c) corresponding space-time distribu-
tion of the earthquakes as projected on the cross sectional profile along YY’ as
shown in the inset during the period from 1935 to 1982. Earthquake provinces
and the aseismic area in the text are designated as (A), (B), (C) and (G).

which the foreshocksmain shock-aftershocks type of sequence was taken
over by a swarm type of sequence.

7. Recurrent mode of seismicity

, A continuation of an active period of seismicity for several years
has repeatedly been experienced off Ibaraki Prefecture with a succeeding
or preceding quiescent period of about 20 years. Looking at the
annual variation in the number of earthquakes (M=5.5, focal depth
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Fig. 21. Epicenters of the earthquakes of July 01, 1943 (M 6.0) and of July 16, 1944
(M 6.1) in the southwest of Ibarki Prefecture (solid circle) and the fault plane
solutions of these earthquakes presented as stereographic projection of the upper
hemisphere of the focal sphere. These two quakes are counted in the number of
earthquakes N as shown in Fig. 20-(a).

h<90 km) off Ibaraki Prefecture in Figs. 20-(b), the active periods of
seismicity for 1938 ~1943 and 1961~1965 are identified by a characteristic
feature of the two separated peaks marking the beginning and the
ending of the active period of seismicity.

During the active period from 1961 to 1965, the peaks in the
number of earthquakes (Fig. 20-(b)) can be correlated with the seismic
activities in the two separated areas as shown by the space-time
distribution of earthquakes off and in the coast of Ibaraki Prefecture
(Fig. 20-(c)). It is noticeable that earthquakes with M>6.0 took place
successively in 1961 in the trench side area while in 1968~1965 in the
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coast side area as listed in Table 2 with a gap between the two
activated seismic areas. The epicentral distribution in Figs. 21-(a) and
(b) presents a regional view of the seismicity in the central part of
Honshu during the periods of 1961~1962 and 1963~1965.

It can be

Table 2. List of the major earthquakes (M>6.0) off Ibaraki Prefecture during
the period from 1961 to 1965 as shown in Fig. 22-(c).

No. Year Month Day Hour Min. Long. Lat. Depth(km) M
1 1961 1 16 16" 20™ 142227 36°03 40 6.8
2 1961 1 16 20 19 141.92 36.02 20 6.4
3 1961 1 16 21 12 141.98 36.22 20 6.5
4 1961 1 16 23 03 142.52 36.05 40 6.1
5 1961 1 17 00 41 142.13 36.15 40 6.6
6 1963 5 8 19 22 141.18 36.40 40 6.1
7 1964 2 5 20 30 141.07 36.40 40 6.0
8 1964 5 30 23 30 141.18 36.23 40 6.2
9 1965 9 13 01 21 141.47 36.32 40 6.7

10 1965 9 23 07 08 141.40 36.40 40 6.2
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Fig. 22-(a). Epicentral distribution (2<90km) in and around the central Honshu during
the period from January 1961 to December 1962 and (b) from January to December
1965. (¢) The correspnding schematic illustration of big earthquake distribution (M=
6.0) for 1961~1965 in relation to the earthquake provinces (A), (B) and (C) and the
aseismic area (G) off and in the coast of Ibaraki Prefecture as shown in Fig. 18.
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Table 3-(a), (b).

M. Mizoug, et al.

List of the major earthquakes (M>6.0) off Ibaraki Prefecture
during the period from May to December 1938 as shown in Fig. 28-(¢) and
from March to July, 1943 as shown in Fig. 23-(d).

(a)

No. Year  Month  Day Hour Min. Long. Lat. Depth (km) M
1 1938 5 23 16 18 141265 36°65 0 7.0
2 1938 6 6 01 31 140.40 35.77 50 6.1
3 1938 9 22 03 52 141.02 36.40 30 6.5
4 1938 10 29 22 08 141.15 85.63 0 6.4
5 1938 11 5 17 43 142.18 37.33 30 7.5

(b)

No. Year Month Day Hour Min. Long. Lat. Depth(km) M
1 1943 3 14 20 59 141287 36°20 60 6.1
2 1943 3 14 21 43 141.73 36.15 0 6.3
3 1943 4 11 23 46 141.45 36.35 10 6.7
4 1943 4 13 04 43 141.85 36.28 0 6.2
5 1943 4 13 04 50 141.83 36.12 60 6.0
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confirmed from the epicentral distribution as given by J. M. A. (JAPAN
METEOROLOGICAL AGENCY, 1972) that the earthquakes of M 6.0~7.0 took
place in the two separated areas of the trench side and the coast side
as observed in 1982. A schematic presentation of the mode of seis-
micity in Fig. 21-(c) evidently shows that the earthquake provinces
(A) and (B) as specified from the activity in 1982 was activated during
the period of 1961~1965 separated by the aseisimc area (G). The dif-
ference in the time interval required for the shift of the activity from
the province (A) to (B) might probably be dependent on the rate of
the stress increase in (B) associated with the stress release in (A). A
preexisting condition in the aseismic area (G) would take an important
role to control the coupling effect of the seismic activities in the two
adjacent earthquake provinces.

During the active period from 1938 to 1943, the peak in the num-
ber of earthquakes in Fig. 20-(b) can be correlated with the seismic
activity in the coast side area, while the peak in 1943 with that in
the intermediate area between the coast side and the trench side
areas. Epicentral distribution in Figs. 22-(a), (b) and (c) as give by
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J.M. A. (JAPAN METEOROLOGICAL AGENCY, 1982) presents a regional
view of the seismicity in the central part of Honshu during the periods
from May 1938 to November 1988, from November 1938 to December
1938 and from March to June 1943, in which earthquakes with M 6.0~
7.0 occurred successively off Ibaraki Prefecture as listed in Table 3-(a)
and (b). The successive occurrence of large earthquakes with M 6.0~
7.0 in the coast side area from May to October, 1938 was followed by
the M 7.5 Fukushima-Toho-Oki Earthquake of November 5, 1938. The
aftershock distribution showed a clear boundary between the two
seismic regions off Ibaraki Prefecture and off Fukushima Prefecture as
shown in Fig. 22-(b). In the last stage of the activity, large earth-
quakes occurred successively in the intermediate area between the
trench side and the coast side areas as shown in Fig. 22-(c). A schema-
tic presentation of the mode of seismicity in Figs. 22-(d) and (e) shows
that the intermediate area remained until as a seismicity gap until large
earthquakes fully occupied the area overlapping with the aseismic
area (G) as specified from the aftershock activity in 1982. A com-
paratively long time interval between the beginning of the activity

39‘~8h 46m, Mor.i12,1943 - 23h 59m, June 30,1943
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in 1938 and the final events in 1943 in the area (G) suggests that the
strength in (G) was considerably higher than in the surroundings.

From the above considerations of the recurrent nature of the
mode of seismicity off Ibaraki Prefecture, it can be suggested that
the earthquake provinces as shown in Fig. 18 are potential places to
generate earthquakes with M 6.0~7.0 successively by forming epicentral
groups separated from neighbouring activities in space-time sequence.
The aseismic area (G) as revealed in the repeated seismic sequences
may be an indication of an existence of a local barrier preventing
successive faultings on the plate boundary. It will be noteworthy in
this connection that the no superficial geological faults are found in
the area (G) where submarine topography shows a very small inclina-
tion to the east as shown in Fig. 23.

An occurrence of large earthquake with M 6.0~6.5 in the south
and southwest of Ibaraki Prefecture present a typical example of a
regional mode of seismicity coupled with the occurrence of large earth-
quakes off Ibaraki Prefecture. Succeeding the last stage of the after-
shock sequences accompanying the earthquake on July 23, 1982 off
Ibaraki Prefecture, a large earthquake with a M 6.0 took place on
February 27, 1983 in the south of Ibaraki Prefecture. A similar type

1938 MAY - DEC.(M26.0}

ma -T3h3 oki Earthq
5 Nov.5.1938, M 73

1943 MAR.- JUN (M26.0)
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Fig. 23-(a). Epicentral distribution in and around the central Honshu (2 <90 km) during
the period from May 23, 1938 to November 5, 1938, (b) from November 5, 1938 to
December 31, 1938 and (c¢) from March 13, 1943 to June 30, 1943 and (d) the cor-
responding schematic presentation of big earthquake distribution (M>6.0) during
the period from May to December 1938 and (e) from March to July, 1943 in relation
to the earthquake provinces and the aseismic area (G) off Ibaraki Prefecture as
shown in Fig. 18.
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Fig. 24. Submarine topography and geological fault distribution in the south off Joban
district (after Hydrographic Department, Maritime Safety Agency, 1980) in relation
to the location of the aseismic area (G). Note that no geological faults are found
in the aseimic area (G) where the submarine topography shows a very small inclina-
tion to the east.

of sequence was found for the activity during the period from 1938
to 1943 off Ibaraki Prefecture coupled the two large earthquakes in the
south of Ibaraki Prefecture on July 01, 1943 (M 6.0) and on July 186,
1944 (M 6.1) as shown in Fig. 24 and Fig. 20-(a). Judging from the
fault plane solutions of these earthquakes as well as from their hypo-
central locations, it is highly possible that the earthquakes were trig-
gered by the occurrence of large earthquakes off Ibaraki Prefecture
under the interactive stress system associated with the Pacific and the
Philippine Sea plates.

8. Summary and conclusions

1) A systematic space-time sequence was found in the seismic activity
accompanying the earthquake of July 23, 1982 (M 7.0) off Ibaraki Prefec-
ture. Three earthquaks provinces were specified in the trench side
(A), the transitional (B) and the coastal (C) zones through a westward
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movement of the aftershock activity.

ii) In the province (A), earthquakes were mostly of shallow origin at
depths of less than 80km including the main shock on July 23. In
the transitional province (B), both shallow and deep origin earthquakes
were observed. In the province (C), earthquakes were mostly of deeper
origin at depths of more than 40 km, where the pronounced double-
planed distribution of earthuakes descending to the west was clearly
observed.

iii) The earthquake provinces (A) and (B), as revealed in the earlier
stages of the westward movement of the seismic activity, were sepa-
rated by an aseismic area of a 30~40 km in length. The aseismic area,
showing a recurrent nature as found in the sequence during the peri-
ods of 1938~1945, 1961 ~1965 and July-Septmber, 1982, possibly related
to the existence of a locked portion preventing a successive faulting
on the interplate boundary in the process of the westward movement.
iv) A remarkable epicentral lineation striking in the direction of about
N 80°E was observed as one of the predominant modes of background
seismicity off Ibaraki Prefecture at depth of about 20~40 km. The
transitional province (B) overlapped with the background epicentral
area. Both of the shallow and the pronounced double-planed deeper
origin earthquakes produced a triple-planed structure of hypocentral
distribution in the eastern part of the province (B). '

v) Towards the end of the sequence of the westward movement,
seismicity in the province (C) were activated remarkably with a pene-
tration of hypocenters as deep as 60~80km in the coast of Ibaraki
Prefecture accompanied by a noticeable earthquakes of M 4.0~4.3 in
the southern and the southeastern part of Ibaraki Prefecture.

vi) A large earthquake with a M 6.0 occurred on February 27, 1983
in the south of Ibaraki Prefecture. Judging from the location and
the focal mechanism of this earthquake, it is highly possible that the
earthquak was in close relation to the westward movement of the after-
shock activities associated with the earthquake of July 23, 1982 off
Ibaraki Prefecture.

vii) It can be concluded from the above consideration that the
seismic sequence of the westward movement was closely related to
the regional effects of the subduction of the Pacific plate involving a
extraordinarily large area covering more than 8000 km* as compared
to ordinary cases of the aftershock area of an earthquake of M 7.0.

References

AsE, K., 1977, Tectonic implications of the large Shioya-oki earthquake of 1938, Tectonophys.,
41, 269-289.

FACULTY OF SCIENCE, ToHOKU UNIV., 1983, The earthquake off Ibaraki Prefecture, July 23,




62 M. Mizoutg, et al.

1982 (in Japanese), Rep. Coord. Commit. Earthq. Pred., 29, 71-79.

HasEGAWA, A., 1977, A study of deep seismic zone in the northeastern Japan are, Thesis,
Tohoku Univ., 89 pp.

HasrGawa, A., N. Umino and A. TAkAcr, 1978, Double-planed structure of the deep seismic
zone in the Northeastern Japan are, Tectonophys., 47, 43-58.

HYDROGRAPHIC DEPARTMENT, MARITIME SAFETY AGENCY, 1980, Submarine topography, geologi-
cal structure and geomagnetic total force at sea north off Zyoban district (in Japanese),
Rep. Coord. Commit. Earthq. Pred., 25, 43-47.

JAPAN METEOROLOGICAL AGENCY, 1972, Regional catalogue of earthquakes in and near Japan
(1961-1970), Seism. Bull. J. M. A. Vol. 4.

JAPAN METEOROLOGICAL AGENCY, 1982, Catalogue of relocated major earthquakes in and near
Japan (1926-1960), Seism. Bull. J. M. A., Suppl. Vol. 6.

Karo, M., K. Yamasakr and R. IkEcAaMmi, 1981, Temporal variations of seismic activity in
the region of the Pacific coast of North-eastern Japan (in Japanese with English ab-
straet), Jour. Seism. Soc. Jap., 34, 323-339.

KawakaTsy, H. and T. SENo, 1982, Triple seismic zone and the regional variation of seismicity
along the northern Honshu are, (preprint). 22 pp.

Mak1, T., 1981, Earthquake mechanisms of suberustal earthquakes beneath the Kanto district
(in Japanese with English abstract), Geol. Jour., 20, 259-266.

NATIONAL RESEARCH CENTER FOR DISASTER PrREVENTION, 1981, A plate model for explanation
of the tectonics of the Kanto-Tokai area (in Japanese), Rep. Coor. Commit. Earthq.
Pred., 25, 51-58.

NogucHy, S., 1982, Recurrence time variation with magnitude for the earthquakes off eastern
Ibaraki Prefecture, Programm and abstract (in Japanese), Seism. Soc. Jap., 1, 108.
Oxapa, Y., S. Nogucn1, M. UkAwA, M. Imoro and M. OHTAKE, 1982, Report on the earth-
quake off Ibaraki Prefecture, Japan of July 23, 1982 (in Japanese with English abstract),

Res. Note. Nat. Res. Center. Disas. Prev. 46, 1-14.

SAKURAL M., A. Moc1, J. Cruio and T. MIYAZAKI, 1981, Multichannel seismic reflection pro-
filing off Joban district, Northeast-Japan (in Japanese with English abstract), Rep.
Hydrograph. Res., 16, 1-17.

SUYEHIRO, S., T. AsaDpA and M. OHTAKE, 1964, Foreshocks and aftershocks accompanying a
perceptible earthquake in central Japan, Pap. Met. Geophys., 15, 71-88.

Tsusmura, K., 1973, Microearthquake activity in the Kanto distriet, Pub. for the 50th Anniv.
the Great Kanto Earthg. 1923 (in Japanese with English abstract), E.R. 1., 67-87.
Utsu, T. and A. SEk1, 1955, A relation between the area of after-shock region and the
energy of main shock (in Japanese with English abstract), Jour. Seism. Soc. Jap., T,

233-240.

Ursu, T., 1974-a, Space-time pattern of large earthquakes occurring off the Pacific coast
the Japanese island, Jour. Phys. Earth, 22, 825-842.

Ursu, T., 1974-b, A three-parameter formula for magnitude distribution of earthquakes,
Jour. Phys. Earth., 22, 71-85.

Ursu, T., 1980, Spatial and temporal distribution of low frequency earthquakes in Japan,
Jour. Phys. Earth, 28, 361-384.




Westward Movement of the Seismic Activity 63

2. 1982 42 7T H 23 BRMBEMHIEICE $725

HEET O FBEICONWT
W E hiid
LI ) h
wEmgey 4 T ZE AR
& M| ]
#* R Bk F
seraeyrr MOH =

1982 45 7 H 23 H 28 B 23 FCFed U TEEEE (M 7.0) (BB S LOREE
W b bicot. <OEIT 1966 LK 16.5 FEichic B TN o & o3 TRk L, B
THFIC 31T 5 BUNMERBIEC X 0 & b2 el OFBOHFHIIRD L5 TH 5.

) FEES D 2B ERBIRESIC T TGN VAR o1, & OREEEOMFZEH 5747 12
L&EEA 3 SOMER A), B) 5L O) 5 2 N TES, FEELIAD OMEREH
MHHTENEBTH Ui,

i) SEETOTMICITEN, EES OBER A) T M5.9~6.2 #ELRENEELLR
LOEEOEIIKRBID LD 30km LIRTH ofc. AL OYHEHH OMFER O HEHT AL
LEROEXIY 156km LHEEIRS.

i) VS0 OHERX A) (X FOTER D OMER B) LEX 30~40km OEMEEEHKC XD
BHESRTWS., - OENEEHSINEHOREEOAE WIS HIGT T et 23 5 5. HEEX
B) TiX M 5.4~5.8 #&LAENRRKEL, ThALOREOEXIT 30km DEOLOL NS
DERBHD. BEIRARIDAEES v — MoHET S 2 BHEORRCET 5.

iv) NEEHOKIMCEEREFEETOEHOHE b AROWEOFRFREOW XL 60~80km T
By 2 FRSEO EHOMERE OFBRLE R ETS.

v) 1983 4E 2 B 27 H, HWAMMOME (M 6.0) X LFEOfME b & T OWRIRIBE
LlEE LT L T AN . RTINS (1982 4£ 7 F 28 B, M 7.0) 3 X O ORIEED
ARV — b E2e5v T e 70— LOWEFRAC IS0 EELONDA, Z OWHIRHE
DHWEIKEES V- 74 VEVES V- EOHAEERARCIALDOEEXLDRS.

vi) BLE2bAEOWREMEEC & L) REEHOEHBIIE 3 o207 v — rHOHE {F
AR Lic—oBeTths L HEEIh S,



