BULLETIN OF THE EARTHIQUAKE
RESEARCH INSTITUTE

Vol. 55 (1980, pp. 577-600

24. Earthquake Mechanisms Associated with the Conjunction
of the Sinking Plates beneath the Kanto
District, Central Japan.

By Tadashi MAKI,
Earthquake Research Institute, University of Tokyo,
Ichiro KAWASAKI,
Faculty of Science, Toyama University,
and
Akiko HORIE,

Faculty of Science, Yamagata University.

(Received September 10, 1980)

Abstract

A study of the focal mechanisms was made for 49 subcrustal
earthquakes which occurred in the seismically active regions of
the Kanto Distriet, by using the dada on P wave first motion.
These data were collected from the observational stations of the
Earthguake Research Institute (ERI) and from the seismological
bulletins of the Japan Meteorological Agenay (JMA) and the In-
ternational Seismological Centre (ISC).

Shallower earthquakes located at a depth of about 45 km below
the western end of Ibaraki Prefecture had the focal mechanism
of underthrusting at a low dip angle towards the northwest. The
spatial distribution of the hypocenters in this region, showing a
linear alignment of the epicenters and a gentle dipping to the
northwest, is consistent with the pole on the nodal plane dipping
to the northwest. These earthquakes are interpreted as being caused
by underthrusting towards the northwest along the upper boun-
dary of the Pacific Plate.

Deeper earthquakes, located in the eastern side of the 140°F
line, extending from the western part of Chiba Prefecture to the
southwestern part of Ibaraki Prefecture, having a focal d pth
around 70 km within the downgoing_Paciﬁc Plate,. show the focal
mechanism of the vertical dip-slip with the western side descend-
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ing. These earthquakes take place in the colliding region of the
minor seismie zone sinking to the east and the Pacific Plate sink-

~ ing to the west. The earthquakes in this region are interpreted
as being caused by the subcrustal collision of the Philippine Sea
Plate with the Pacific Plate.

I. Introduction

The Kanto District, especially the southwestern part of Ibaraki
Prefecture and western part of Chiba Prefecture is one of the most
seismically active regions in Japan. The Characteristics of the seismic
activity in the Kanto District have been disclosed by the recent highly
sensitive seismic observations (TSUMURA, 1978 and 1974). In addition
to the main inclined seismic zone associated with the underthrusting
Pacific Plate from the east, another seismic zone dipping from the west
was recognized.

Detailed features of the seismic activity and earthquake mechanisms
in the region of the plate conjunction have mnot yet been investigated
mainly because of the paucity of data from nearby stations. The Kanto
District is the only place that is located directly above the plate con-
junction and is provided with a sufficient number of observing stations
to determine the accurate hypocentral locations and focal mechanisms.

Since FURUTOMI's study (1933), the earthquake mechanisms in the
Kanto District have been studied by several investigators. ICHIKAWA
(1962) showed that the maximum pressure is normal to the seismic zone
dipping from the east, and that its direction varies from the northwest
in the offshore region (Kashimanada) and the southwestern part of Iba-
raki Prefecture to the west in the middle part of Chiba Prefecture.
Regional variations of the fault-types was shown by ICHIKAWA (1970)
and KAWASAKI and KATSUMATA (1975). Complexity of the spatial varia-
tions of earthquake mechanisms for local earthquekes was reported by
MIKUMO (1962), and for larger ones by SUZUKI et al. (1977).

Seismic activity and focal mechanisms in the Kanto District are
affected by the complicated feature of the interaction between the nor-
theastern end of the Philippine Sea Plate and the underthrusting Pacific
Plate to the west (see Fig. 1). In the present paper, focal mechanisms
of the seismically active regions in the Kanto District will be studied
by the P wave first motion and spatial distribution of relocated ear-
thquakes and small and micro-earthquakes observed routinely by the
highly sensitive seismic network.



Earthquake Mechanisms Associated with the Conjunction 579
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Fig. 1. Locations of the seismically active regions in the Kanto
district (shaded areas, Region I: western end of the Ibaraki
Prefecture, Region II: east side of the 140°E line). The
thick lines show the plate boundaries of the Pacific Plate, the
Philippine Sea Plate, and the Asian Plate.

II. Spatial distribution of hypocenters in the Kanto District.

Spatial distribution of earthquakes in the Kanto District has been
extensively studied by TSUMURA (1973 and 1974). After TSUMURA’S
studies, a model of the seismically active zones was constucted by KA-
SAHARA (1974), and 21 “earthquake nests” were derived by USAMI and
WATANABE (1977). In this chapter, some of the characteristic features
of the spatial distribution of earthquakes in the Kanto District are dis-
cussed in connection with the earthquake mechanisms.

From the hypocenter data, determined by the Earthquake Research
Institute (ERI) for a period of six and one-half years from June 1, 1971,
to December 31, 1977, only the accurately determined epicenters are
shown in Fig. 2. Pronounced concentrations of hypocenters were ob-
served in the central part of the Kanto District, especially in the south-
western part of Ibaraki Prefecture and in the western part of Chiba
Prefecture (shaded areas I and II in Fig. 1). A linear alignment of the
epicenters was observed in the western end of Ibaraki Prefecture. Sig-
nificant clustering of the epicenters was also seen in the eastern side of
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Fig. 2. Distribution of the epicenters in the Kanto District for the range of the
earthquake magnitude greater than 2.0 and of focal depths from 40 to 80 km.
The earthquakes plotted here have been determined by four or more stations of
ERI with standard errors less than 7.5km.

the 140°E line of the longitude.

Fig. 3 shows the depth distributions of earthquakes along the sec-
tions passing through the southwestern part of Ibaraki Prefecture in the
direction of NW-SE(a) and SW-NE(b). Only the earthquakes within 25
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Fig. 8. Depth distributions of the earthquakes along the sections passing
through the southwestern part of Ibaraki Prefecture in the direction of
northwest-southeast, connecting two points shown by arrows, or A (139.0°E,
37.0°N) and B(141.0°E, 35.0°N) (a), and in the direction of southwest-
northeast (b). Only the earthquakes within 25km on the both sides of

the lines are plotted.
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km on the both sides of the line connecting the two points shown by
arrows are included. The hypocenters in the western end of Ibaraki
Prefecture, which show the linecar alignment of the epicenters, have a
dipping pattern. to the northwest at depths of around 45 km. These
shallower earthquakes are located along the upper boundary of the
Pacific Plate dipping from the east. Deeper earthquakes at depths of
around 70 km are located below the eastern side of the 140°E line of the

longitude, and are distinguished from the above shallower ones.
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Fig. 4 shows the depth distribution of the earthquakes along the
sections through the middle part of Chiba Prefecture in the E-W direc-
tion along the line 35.5°N of the latitude. Significant concentration of
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Fig. 4. Depth distribution of the earthquakes along the section passing
through the middle part of Chiba Prefecture in the direction of east-
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Fig. 5. Comparison of the depth-frequency of the earthquakes in the southwestern
part of Ibaraki Prefecture and the western part of Chiba Prefecture. n means
the total number of earthquakes.
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hypocenters was observed at depths of around 70 km below the eastern
side of the 140°E line. These earthquakes take place in the crossing
region of the minor seismic zone sinking from the west and the predo-
minent seismic zone associated with the Pacific Plate.

The frequency distributions of focal depths are compared in Fig. 5.
Two peaks of about 45 and 70 km are seen for the southwestern part of
Ibaraki Prefecture, but only a single peak of around 70 km is observed
for the western part of Chiba Prefecture. Depths around 70km are
commonly observed for two regions, and they are located in the eastern
side of the 140°E line of the longitude. The deeper earthquakes are
occurring at the intersection between two seismic zones dipping from
the west. The minor seismic zone dipping from the west is supposed to
be the northeastern tip of the Philippine Sea Plate.

Spatial distribution of the hypocenters in the seismically active re-
gions of the Kanto District is charcterized as following, or

(1) two inclined seismic zones exist below the Kanto region, or one
dipping from the east associated with the Pacific Plate, and another
dipping from the west corresponding to the northeastern tip of the
Philippine Sea Plate, ‘

(2) deeper earthquakes are taking place in the crossing region of the
two seismic zones, at a depth of about 70 km below the eastern side of
the 140°E line of the longitude, extending from the southwestern part
of Ibaraki Prefecture to the middle part of Chiba Prefecture,

(3) underthrusting earthquakes occur along the upper boundary of
the Pacific Plate, located at the shallower depths of around 45 km below
the western end of Ibaraki Prefecture.

III. Data and method.

Hypocentral locations and origin times of larger earthquakes which
occurred during the period from June 1, 1971, to March 381, 1977 have
been redetermined by using travel-time data observed at the stations of
the ERI and from the bulletins of the JMA. Relocations were made
only for the eathquakes observed at more than ten stations, by giving
heavier weight to stations within 800 km of the distance from the epi-
centers. Travel times were calculated for the model of the crustal struc-
ture E3A3 by MIKUMO (1966). Epicenter distributions of the 70 relocated
earthquakes are shown in Fig. 6. The epicenters are marked by circles
whose radii vary according to their magnitude, and focal depths are dis-
tingui shed by the number of pairs of sticks attached to their circles, for
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Fig. 6. Epicenter distribution of the relocated earthquakes in the Kanto
District. Focal depths are identifled by the number of line segments
attached to their circles, whose radii are varied according to their
earthquake magnitude.

every 20km. From this figure the linear alignment is also recognized
in the western end of Ibaraki Prefecture.

It has been impossible to obtain the necessary number of P wave
first motion data from the long-period seismograms of the WWSSN sta-
tions for the earthquakes concerned because of the small magnitude. The
dats on P wave first motion were collected from the stations of the ERI
and from the bulletins of the JMA and the ISC.
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It has heen very difficult to obtain the mechanism solution from data
at short distances alone, but it was possible to determine the mechanism
solution by adding the world-wide data. Take-off angles at foci are calcu-
lated for the relocated hypocenters using the model of crustal struc-
ture of E3AS3 for the stations in Japan, but the ones for the world-wide
stations were made for the ISC’s hypocenters and for the Jeffreys-Bullen
travel-time table (HODGSON and STORELY, 1953).

Equal-area projections of the data on the P wave first motion and
mechanism solutions are drawn on the lower focal hemisphere by a XY-
plotter in a size adequate to compare with each other. Nodal lines are
drawn for some trials of the dip directions and dip angles. For each
earthquake, several trials of mechanism solutions are repeated by such
a graphical method, comparing with the predominent types of the ear-
thquake mechanism in the same regions. Similarities or differences of
mechanism solutions are systematically incorporated for earthquakes in
the same regions.

IV. Earthquake mechanisms in the southwestern
part of Ibaraki Prefecture.

Twenty-three solutions of the earthquake mechanisms were obtained
for earthquakes in the southwestern part of Ibaraki Prefecture. One of
the predominent types of the earthquake mechanisms is the underthrust-
ing with a low dip-angle towards the northwest and another is the
east-west compression. By comparing with these predominent types of
the earthquake mechanisms, the fault-plane solutions were determined
for the individual earthquakes.

Examples of equal-area projections on the lower focal hemisphere of
the P wave first motion data and mechanism solutions are shown in
Fig. 7. Focal coordinates are the relocated ones, and the earthquake
magnitudes are those determined by the JMA. The top and middle
examples show the mechanism solutions determined uniquely due to the
sufficient number of initial motion data. The two bottom examples
denote the mechanism solutions that are different from the others.

The earthquake of August 4, 1974 has the greatest magnitude ob-
served in this region, or M=5.8 (JMA). The mechanism solution of this
earthquake can be uniquely determined due to the sufficient number
of the first motion data observed at the distant stations. The earth-
quake mechanism of this earthquake is characterized by a pole on
the nodal plane dipping at a low angle towards the northwest or gently
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Tig. 8. Summary of the fault-plane solutions on the common focal
hemisphere for the earthquakes in the southwestern part of
Ibaraki Prefecture. The axes of the maximum pressure (P),
maximum tension (T), and null vector (N) are shown on the
left-hand side by the open and solid circles, and crosses, re-
spectively. The poles of the nodal planes (A, B) are shown
on the right-hand side. (Upper) All 23 earthquakes, (middle)
Northwest underthrusting earthquakes, and (lower) East-west
compression earthquakes.

Fig. 7. Examples of equal-area projections on the lower focal hemisphere of the
P wave initial motion data and focal mechanisms for the earthquakes in the
southwestern part of Ibaraki Prefecture. Solid and open circles denote the
compression and dilatation of the initial motion, respectively. Poles of the
nodal planes (A and B), and pressure axes (P, T and N) are shown by the
encircled crosses, and their dip direction and dip angles are also shown in the
lower part. '
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underthrusting to the northwest. This type of earthquake mechanism
is clearly different from that of an earthquake of March 30, 1975 (Myma
=5.4), indicating the east-west compression. The former occurred at the
depth of 44 km, while the latter is located at the depth of 70 km below
the eastern side of the 140°E line of the longitude. Other types of focal
mechanisms were also observed in this region such as the northward
underthrusting of shallower earthquakes in the western end of Ibaraki
Prefecture, and the vertical dip slip with the western side descending
in the eastern side of the 140°E line of the longitude.

In Table 1 four types of the fault-plane solutions of 23 earthquakes
occurring in the southwestern part of Ibaraki Prefecture are listed with
the redetermined focal coordinates. Figure 8 summarizes the fault-plane
solutions on the common focal hemisphere for all 23 earthquakes (upper).
The middle and lower parts show the two predominent types of the focal
mechanisms, (middle) underthrusting towards the northwest and (lower)
the east-west compression. A quite small variation of the mechanism
solutions is seen in these figures.

Geographical distributions of the mechanism diagrams are represented
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Fig. 9. Geographical distributions of the mechanism diagrams in the south-
western part of Ibaraki Prefecture for the earthquakes of magnitude
greater than 4.5(a), and for the ones less than 4.5(b). Hatched areas
denote the tensional areas and open ones denote the compressional
ones. Numerals attached to the mechanism diagrams denote the date.

in Fig. 9 for the earthquakes with magnitudes greater than (a) and less
than 4.5 (b). The earthquakes with the mechanism of underthrusting
at a low dlip angle towards the northwest are located in the western
end of Ibaraki Prefecture, and the poles on the nodal plane gently dip-
ping to the northwest are consistent with the linear alignment of the
epicenters.

On the other hand, the earthquakes located at a depth of around 70
km below the eastern side of the 140°E line show the focal mechanism
of the east-west compression or the vertical dip slip with the western
side sinking. These deeper earthquakes take place within the Pacific
Plate sinking towards the west, and they can be distinguished from the
shallower ones in the western side of the 140°E line. Some variations
of the mechanism solutions were observed for earthquakes with smaller
magnitude and for these located near the northern end of the active

region.
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V. Earthquake mechanisms in the western part
of Chiba Prefecture.

Twenty-six mechanism solutions were obtained for earthquakes occur-
ring in the western part of Chiba Prefecture. A majority of the
earthquakes have a focal mechanism of dip slip along the mnorth-south
striking plane with the western side descending. Examples of equal-
area projection of the first motion data and nodal plane solutions are
shown in Fig. 10.

Only three earthquakes have magnitude greater than 5.0. The ear-
thquake of July 27, 1971 (Myma=5.1, h=66 km) shows the horizontal east-
west compression, and the earthquake of October 18, 1972 (Mjma=5.1,
h=83 km) had a mechanism of the vertical dip slip with the western
side sinking. The difference between these types of focal mechanisms
is indicated by a change of dip angles of the maximum pressure and of
the nodal planes striking nearly north-south. The earthquake of Feb-
ruary 8, 1975, having the greatest magnitude observed in this region
during the six and ome-half years, or Mjma=5.4, indicates a mechanism
of strike slip. This earthquake is located at a shallower depth of 54 km
in contrast with the above two earthquakes. The middle two examples
show the focal mechanisms determined uniguely, even with fewer data
of initial motion. The bottom ones show the types of focal mechanism
that are different from the others.

Other than these predominant types, other types of focal mechanisms
were observed suchas the strike slip with the the opposite motions and
the dip slip with the southern part sinking. Table 2 lists six types of
the fault-plane solutions of twenty-six earthquakes, with the relocated
hypocenters in the western part of Chiba Prefecture. Fig. 11 sum-
marizes the fault-planess olutions on the common focal hemisphere for
all earthquakes (top). Large variation of the mechanism solutions
are seen for the earthquakes which occurred in the western part of
Chiba Prefecture. Fault-plane solutions of the east-west compression
and the vertical dip slip are represented in the middle and lower part
of the figure, respectively. It is to be mnoted that the focal mechanism
of underthrusting, predominent in the western end of Ibaraki Prefecture,
is not seen in the western part of Chiba Prefecture.

Geographical distributions of the mechanism diagrams are represented
in Figs. 12a and b for the earthquakes with magnitudes greater than
and less than 4.5, respectively. Focal mechanisms in the most active
region, or the middle part of Chiba Prefecture, could not be determined
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focal mechanisms for the earthquakes in the western part of Chiba Prefecture.
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N AaNO M. OF CiHiEa PREF.

POLES N3

N=23

N= 2 —

POLES AB

N= 8

Fig. 11. Distributions of the fault-plane solutions on the common
focal hemisphere for all 26 earthquakes in the western part of
Chiba Prefecture (Upper), the east-west compression earth-
quakes (Middle), and the vertical dip slip with the western side
downgoing (Lower).

in the present study because of the small magnitudes. Two earthquakes
occurring on October 29 and Nobvember 21, 1974, at nearly the same
place near Inbanuma Lake, show the opposite first motions along the
nearly vertical plane striking east-west.
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- VI. Conclusion and discussion.

Focal mechanisms have been analyzed for 49 earthquakes in the
most seismically active regions of the Kanto District during the period
of six and half-years from Jumne 1, 1971, to March 31, 1977, by using the
P wave first motion data. Focal mechanism of the vertical dip-slip with
the western side downgoing was obtained for earthquakes located at
larger depths in the region just east of the 140°E line extending from
the southwestern part of Ibaraki Prefecture to the middle part of Chiba
Prefecture. On the other hand, the earthquakes occurring at shallower
depths near the western end of Ibaraki Prefecture have the focal mech-
anism of underthrusting with a low-dip angle towards the northwest,
which is familiar to earthquakes in the offshore region of Ibaraki Pre-
fecture (Kashimanada) (MAKI, 1975 ; HORIE, MAKI and KAWASAKI, in pre-
paration).

Fig. 13 showes the depth distributions of the relocated hypocenters
along two sections, passing through the southwestern part of Ibaraki
Prefecture from the southeast to the northwest (a) and through the
middle part of Chiba Prefecture from the east to the west (b). A dipping
seismic zone along the upper boundary of the sinking Pacific Plate is
clearly shown at depths of around 45km below the western end of
Ibaraki Prefecture. And a minor seismic zone dipping from the west is
observed and an earthquake clustering is seen at larger depths within
the Pacific Plate, which is located at the colliding region of the Philippine
Sea Plate and the Pacific Plate.

A linear alignment is observed in the western end of Ibaraki Pre-
fecture from the epicenter distribution of the smaller earthquakes located
by the ERI, and also of the relocated hypocenters of the present study.
These earthquakes are located at a shallower depth of about 45 km and
show a dipping pattern with a low dip angle towards the northwest.
The shallower earthquakes below the western end of Ibaraki Prefecture
are considered to be caused by underthrusting of the Pacific Plate
beneath the Asian Plate.

Combining the studies of the focal mechanisms and spatial distribu-
tions of the hypocenters in the western part of Chiba Prefecture, the
following conclusion can be derived. Deeper earthuakes are located at
depths of around 70km in a limited region below the eastern side of
the 140°E line of the longitude, striking nearly north to south and ex-
tonding from the southwestern part of Ibaraki Prefecture to the middle
part of Chiba Prefecture. These decper earthquakes have a focal me-
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Fig. 18. Comparison of the depth distributions of the relocated earthquakes
along the sections passing through the southwestern part of Ibaraki Pre-
fecture in the direction of west-east (b).

chanism suggesting the collision of two plates, or the vertical dip slip
with the western side sinking and the maximum pressure dipping from
the west. The significantly high seismic activity in this region is caused
by the stress concentration due to the collision of the Philippine Sea
Plate (minor seismic zone dipping towards east) with the Pacific Plate
(predominent seismic zone dipping toward west) at a depth of about
70 km.

Tig. 14 is a schematic representation of two types of the earthquake
mechanisms and their relative locations in the southwestern part of
Ibaraki Prefecture. Circles denote the relocated hypocenters and the
solid line denotes the upper boundary of the seismic zone associated with
the underthrusting Pacific Plate. Shallower earthquakes show a dipping
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Fig. 14. Schematic representation of the focal mechanisms of the subcrustal
earthquakes in the Kanto District. Type A shows underthrusting along

the upper boundary of the Paciflc Plate, and type B shows the vertical
dip-slip with the western side downgoing, located within the Pacific Plate.

towards northeast along the upper boundary of the Pacific Plate, or
underthrusting with a low angle (type A). On the other hand, deeper
earthquakes within the Pacific Plate show the vertical alignment, or the
vertical dip-slip with the western side downgoing (type B).

The northward extension of the inclined seismic zone dipping from
the west has been assumed (KASAHARA, 1973). Enhanced seismicity map,
derived from the ERI’s hypocenters during the six and one-half years
reveals that such inclined seismic zone dipping from the west extends
from the northern end of Saitama Prefecture to the coastal region south
of the Boso Peninsula (MAKI and TSUMURA, 1978). And it might be also
related to the northward and deeper extent of the fault surface of the
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1923 Great Kanto Earthquake. The Great Kanto Earthquake is inter-
preted by the right-lateral reverse fault towards the northwest between
the Philippine Sea Plate and the Asian Plate (KANAMORI and ANDO,
1973; ANDO, 1974). Understunding of the Philippine Sea Plate in Sou-
thwest Japan has been well studied (FITCH and SCHOLZ, 1971; FITCH,
1972; KANAMORI, 1972; SHIONO, 1977), but more detailed studies are

required for the region of the northeastern margin of the Philippine
Sea Plate.
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