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Abstract

The slab intersection of the Northeast Honshu and Izu-Bonin
Arcs beneath Central Japan is modeled from the depth contours of
hypocenter distributions of intermediate-depth earthquakes relocated
by correcting the Pn station biases. The Northeast Honshu slab
bends strongly to the northwest beneath the Kanto District. Intense
clusters of suberustal hypocenters beneath the western part of Ibaraki
and Chiba Prefectures are located within the highly stressed region
of the Northeast Honshu slab due to intersection with the Izu-Bonin
slab. A separation of the inclined seismic zone into double layers is
seen for the Northeast Honshu slab from a relatively deeper layer
of hypocenters, but the double layers are not seen for the Izu-Bonin
slab. A separation of 80km between the upper and lower seismic
layers is estimated from the hypocenters beneath the Kanto District
by the JHD method. Fault-plane solutions are obtained for 144 out
of 286 intermediate-depth earthquakes which occurred at depths of
h=80-200 km with magnitudes of 4.0 or more during the period from
1968 to 1980. Intermediate-depth earthquakes located on the inland
side show the down-dip compression, and the down-dip extension is
observed on the Pacific side. The strike-slip, normal fault and hinge
fault, which are different from the down-dip types of focal mechanisms,
are also observed for intermediate-depth earthquakes in and around
the Kanto District. Intermediate-depth earthquakes with reverse
faults are located along the Pacific coast, and other types are observed
for earthquakes on the Japan Sea side and off Miyagi and Fukushima
Prefectures. The strike-slip is predominant for earthquakes beneath
the central part of the Kanto District and these are located along a
contact plane of the southwestern end of the Northeast Honshu slab
with the northern end of the Izu-Bonin slab.
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1. Introduction

The double seismic layers were first observed in the Kanto District
(Fig. 1) by TSUMURA (1973) on the depth distribution of small and
micro-earthquakes located by the recent high-sensitivity seismograph
network of the Earthquake Research Institute (ERI). However, no
studies have been followed for detailed features of spatial distribu-
tion of hypocenters and focal mechanisms related to the double seis-
mic planes beneath the Kanto District. In Northeast Japan the
spatial distribution of hypocenters and focal mechanisms have been
extensively studied with relation to the double seismic layers (UMINO
and HASEGAWA, 1975, 1982; HASEGAWA et al., 1978a, b, 1979; TAKAGI
et al., 1977; YosHII, 1979).
A thin two-layered strue-
ture is found for the micro-
earthquakes located by the
Tohoku University net-
work and for larger earth-
quakes relocated using
The Japan Meterological
Agency (JMA) travel-time
data (UmiN0 and HASE-
GAWA, 1975, 1982). The
systematic difference of
focal mechanisms was also
shown between the upper
and lower layers of the
double seismic  planes
(UmiN0 and HASEGAWA,

and vicinity, Central Japan. The plate

boundaries identified from the trench and 1975; HASEGAWA et al.,
trough axes are shown by thick lines, and 1978a). They showed the
thin lines denote bathymetric contours of down-dip compression for
7000 m.

earthquakes along the up-
per plane and the down-dip extension along the lower plane. The
double seismic planes below Northeast Japan are observed at depths
from 80 to 150 km, and the separation between the upper and lower
planes is estimated to be 30 km (Umino and HASEGAWA, 1975, 1982).
The upper plane of the double seismic zone was found to coincide
with the conversion plane of ScS to ScSp wave (OKADA, 1971, 1979)
from the time differences between the two phases (HASEGAWA et al.,
1979).

Some speculative models have been introduced for the two types
of focal mechanisms along the double seismic planes, namely the un-
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bending of descending slab (ENGDAHL and SCHOLZ, 1977), sagging of
slab (SLEEP, 1979), and thermal stress (Goro and HAMAGUCHI, 1983).
These models should be applicable to any descending slabs in the
worlds, but there are some regions of inclined seismic zones without
double seismic layers (FuJsiTA and KANAMORI, 1981). And some con-
fused patterns of focal mechanisms are observed from the fault-plane
solutions given by UMINO and HASEGAWA (1975). Earthquakes in the
deeper half of the inclined seismic zone show the separation of focal
mechanisms into two types, but the focal mechanisms are variable for
earthquakes in the shallower half. FuJiTA and KANAMORI (1981) pre-
ferred the “in-plane” stresses to the “down-dip” stresses from the
global survey of individual fault-plane solutions of intermediate-depth
earthquakes. REYNERS and CoLES (1982) showed a rather confused
pattern of fault-plane solutions for intermediate-depth earthquakes
beneath the Shumagin Islands, Alaska.

Recently focal mechanisms of intermediate-depth earthquakes were
studied with relation to the spatial distribution of hypocenters in
several areas in the world; the Banda Sea by CARDWELL and ISACKS
(1978), the South Atlantic and Scotia Sea by ForSYTH (1975), the New
Hebrides Island Arc by PASCAL et al. (1978), Chile by STAUDER (1973),
Peru (the Nazca Plate) by STAUDER (1975), the Lesser Antilles Arc by
STEIN et al. (1982) and DOREL (1981), the Kurile Arc by VEITH (1974,
1977) and STAUDER and MUALCHIN (1976) and Japan by AOKI (1974),
SASATANI (1976) and SHIONO et al. (1980). Global surveys of focal
mechanisms for intermediate-depth earthquakes were made by ISACKS
(1968), IsAcks and MOLNAR (1971), ISACKS and BARAZANGI (1977) and
FuJsitA and KANAMORI (1981).

Two types of focal mechanisms of the down-dip compression and
extension along the inclined seismic zone have also been observed for
the intermediate-depth earthquakes in the Kurile-Kamechatka region
(Isacks and MOLNAR, 1971; VEITH, 1974; STAUDER and MuALcHIN,
1976). IsAcks and BARAZANGI (1977) showed the separation of focal
mechanisms into two types at the top and bottom of slabs for the
Kurile-Kamchatka and Peru regions. The presence of these two types
of focal mechanisms leads one to wonder about the simple gravita-
tional sinking model of the slabs (ISAcks and MOLNAR, 1971). They
interpreted these two types as the volume change across the olivine-
spinel phase transition boundary. A systematic difference of focal
mechanisms of intermediate-depth earthquakes was observed in azi-
muths of the nearly vertical nodal plane from NE-SW in the Kurile-
Kamchatka Arc to E-W in the Hokkaido Are (STAUDER and MUALCHIN,

1976). Such a variation of focal mechanisms is interpreted as the slab
contortion under the lateral extension or the tearing of slab by the
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hinge faulting in the Hokkaido Corner. An axial extension along the
descending slab was observed for intermediate-depth earthquakes in
the northernmost part of Chile, but in the southern extremity a hinge
faulting was observed (STAUDER, 1973). Only the extension along the
seismic zone was found for intermediate-depth earthquakes under Peru
(STAUDER, 1975). STUDER interpreted this type of the focal mechanism
as the stress guide, representing the failure under the gravitational
sinking of the slab. He also mentioned the depth variation of azi-
muths of tension axes from the horizontal E-W extension for the
shallower foci to the northeastward dipping extension for the deeper
foci.

For intermediate-depth earthquakes in the South Sandwich Arc
the down-dip extension is observed in the northern part and the
down-dip compression in the southern part (FORSYTH, 1975). Forsyth
interpreted this regional change of stress pattern by the faster de-
scent of the younger southern half of the subducted South America
Plate. For the northern end of the arc the hinge faulting was also
observed. Besides the down-dip extension along the seismic zone, a
focal mechanism with the vertical nodal plane was observed in the
New Hebrides Island Arc (PASCAL et al., 1978). This vertical nodal
plane is parallel to a transverse feature of the hypocenter distribution
and the northern scarp of the d’Entrecasteaux fracture zone. A re-
gional variation of stresses along the inclined seismic zone was also
observed for the Banda Sea Arc (CARDWELL and ISAcCKsS, 1978).

SUZUKI et al. (1981, 1983) showed the double seismic planes in the
Hokkaido region. They suggested more active occurrence of inter-
mediate-depth earthquakes along the lower plane than along the up-
per plane. SAMOWITZ and FORSYTH (1981) showed a focal mechanism
of the down-dip extension for an earthquake which occurred in the
northern Marianas. NISHIDE et al. (1982) also showed the double
seismic planes in Northeast Japan and other regions in Japan from the
relocated earthquakes from 1963 to 1980. The N-S striking extension
observed for microearthquakes at intermediate-depth beneath the
Kanto District (UkawA and In0TO, 1982) suggests a lateral segmenta-
tion of the descending slabs. MIZOUE et al. (1982) showed the reflected
wave at the lower plane which suggests a seaward extension of the
two-layered structure of the seismic zone. STEFANI et al., (1982) also
showed a separation of 88:5km between the upper boundary of the
slab and the seismic zone beneath the Kurile Islands.

BARAZANGI and ISACKsS (1979) compared the spatial distribution of

intermediate-depth earthquakes which are located by the local and
teleseismic data in Northeast Japan and the Aleutian Islands. They
pointed out the large effect of the location techniques and the earth’s
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velocity structure around the slabs. MAKI (1982a) studied the effects
of station coverage (distance and azimuth) around epicenters and the
effects of errors in observed travel times for the locations of inter-
mediate-depth earthquakes using the local travel-time data in Central
Japan.

The hinge faulting between the Northeast Honshu and the Izu-
Bonin slabs was observed for the deep earthqquakes beneath the
Takayama region (AOKI, 1974). The hinge faulting between the Kurile
and Northeast Japan slabs was also found by SASATANI (1976) from
the mantle earthquakes beneath the Hokkaido region. SASATANI
pointed out the predominance of the down-dip extension in the Hok-
kaido region and the down-dip compression on the Northeast Honshu
side. A regional difference of focal mechanisms in the Kyushu-Ryukyu
region was shown by SHIONO et al. (1980), namely the more sharply
dipping seismic zone with the down-dip extension in the northern half
and the more gently dipping ones with the down-dip compression in
the southern half.

Various types of focal mechanism have been observed for inter-
mediate-depth earthquakes in the world. Two types of the axial
stress along the inclined seismic zone are observed at different depths
or parts of the active regions with close relation to the spatial distri-
bution of hypocenters. The configuration of the Northeast Honshu
and Izu-Bonin slabs will be studied in the next chapter from the
spatial distribution of relocated intermediate-depth earthquakes. In
Chapter 8 focal mechanisms will be analyzed for intermediate-depth
earthquakes which occurred during the period from 1963 to 1980. In
Chapter 4 the spatial variation of focal mechanisms will be studied in
comparison to the hypocenter distribution.

2. Spatial distribution of intermediate-depth earthquakes

The spatial distribution of intermediate-depth earthquakes is one
bit of the basic data for medeling the configuration of descending
slabs. The distribution of velocity and attenuation factor of seismic
waves are not enough to reveal the slab configuration. Microearth-
quakes occurring at intermediate-depths beneath the Kanto District
show the double seismic planes even for a short period (TSUMURA, 1973),
but these data are effective for only a limited area directly beneath
the Kanto District. On the other hand the hypocenters of larger earth-
ques located by the JMA routine do not show such a double-layered
structure due to bigger errors in hypocenter locations, epecially in focal
depth, and to an insufficient number of earthquakes. In this chapter
the double seismic planes are located from the relocated hypocenters
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Fig. 2. Double seismic planes of the small and micro-earthquakes at intermediate-
depths along the E-W section of the 120 km width between the two points (36.5°N,
138.0°E) and (36.5°N, 143.5°E), (a) smaller earthquakes with magnitudes down to
2.0 (»n=2133), and (b) larger earthquakes with magnitudes of 3.0 or more (7=969).
Hypocenters are taken from the ERI data located by the high-sensitivity seismo-
graph network of the Kanto District (TsuMmura, 1973 1981; TsuMURA and KARA-
KAMA, 1981) during the period from June of 1971 to May of 1980.

of intermediate-depth earthquakes by correcting the JMA travel times
with the Pn station biases (MAxI, 1981a, b).

Fig. 2 shows the depth distributions of small and microearthquakes
located by the ERI network along the E-W section from 86° to 87°N
during the period from June of 1971 to May of 1980. The upper (a)
includes smaller earthquakes down to a magnitude of 2.0, which are
selected on the basis of the location criteria (five or more stations
and errors less than 7.5km). The lower (b) included larger earth-
quakes with magnitudes of 8.0 or more. The latter is prepared for
comparison with the relocated hypocenters of larger earthquakes using
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Fig. 3. Epicenter distribution of relocated intermediate-depth earthquakes (n=743)
in and around the Kanto District, which occurred at depths from 80 to 200 km
during the 18 years from 1963 to 1980. Hypocenters and origin times are deter-
mined by correcting the JMA travel-time data with the Pn station biases (MakI,
1981a). Earthquake magnitudes are taken from JMA. Depth and magnitudes are
denoted by different symbols as shown in the legend. The hatched area denotes
a linear alignment of epicenters beneath the Boso Peninsula.
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the JMA travel-time data (MAKI, 1981a). The double seismic planes
have been shown in the depth distributions of microearthquakes in
narrow sections about 20km wide (TSUMURA, 1981; TSUMURA and
KARAKAMA, 1981). Although the depth sections are as wide as 1° in
Fig. 2, the hypocenters along the lower plane of the double seismic
zone can be observed for depths from 80 to 160 km. A seaward ex-
tension of the lower plane is observed from a few earthquakes at
depths shallower than 80 km beneath Kashimanada. The upper plane
of the double seismic zone is disturbed by the intense clusters of hy-
pocenters beneath the southwestern part of Ibaraki Prefecture. The
separation and depth range of the double seismic planes are variable
for other sections.

Fig. 3 shows the relocated epicenters of relatively large inter-
mediate-depth earthquakes which occurred at depths from 80 to 200 km
during the period from 19638 to 1980 with magnitudes of 4.0 or more
(n="T48). These earthquakes are located by correcting the JMA travel-
time data with the Pn station biases (MAKI, 1981a). Earthquake magni-
tudes by JMA and focal depths are classified by different symbols.
A linear pattern of epicenters beneath the middle part of Chiba
Prefecture is denoted by hatching. These relocated earthquakes cover
a wider area of the Kanto District and vicinity including the Japan
Trench and Izu-Bonin Islands, in comparison with a small area directly

beneath the Kanto District for the earthquakes located by the ERI
network.

The seismic zone beneath the Kanto District shows a complicated
pattern of hypocenter distribution (MAKI et al., 1980). Here epicenter
distributions for different ranges of focal depth and depth distribu-
tions for different sections will be used for modeling the configuration
of the seismic zone. Epicenter distributions of intermediate-depth
earthquakes are shown for every 20 km of focal depths from 40 to
200 km. The western extremities of epicenters are observed better
than the eastern and they are useful to identity the upper boundary
of the inclined seismic zone. Such clear boundaries on the western
side tend to rule out another seismic zone inclined from the west.
Some intensely active regions are found within or along the boundary
of the seismic Zzone, such as those beneath the southwestern part of
Ibaraki Prefecture, the middle part of Chiba Prefecture and beneath
Kashimanada. Depth contours of the western end of the seismic zone
are drawn by smoothing on epicenter maps for every 20 km depth,
and they are shown by thick lines in Figs. 4a to h. The earthquakes
in the southwestern end of Ibaraki Prefecture and Kashimanada,
which show some systematic alignments of hypocenters, may be re-
lated to the interaction of the Pacific Plate and the overriding plate.
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The earthquakes beneath the middle part of Chiba Prefecture are not
located along the upper boundary of the Pacific Plate. Actual locations
of hypocenters show some oozy patterns due to location errors, especi-
ally south off the Boso Peninsula near Hachijojima Island. Other
depth contours with discontinuous features may be possible as observed
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in the epicenter distribution of small and micro-earthquakes located
by the ERI network.

Fig. 5 summarizes the depth contours of upper boundaries of the
inclined seismic zone. The disruptive feature of the depth contours
in Central Japan are also seen on the ISC epicenter map by Ursu
(1974). The Northeast Honshu slab dips at an angle of 30° and the
Izu-Bonin slab shows a greater dipping angle of 60° (ISACKS et al.,
1968). The two slabs have contact as shown by a broken line (a),
accompanying a strong northwestward bending at the shallower part
of the Northeast Honshu slab. The linear alignment of epicenters
beneath the middle part of Chiba Prefecture shown in Fig. 8 is re-
produced as the hatched area “b”. The present depth contours are
consistent with the geographical pattern of the Quaternary compres-
sive deformation (MATSUDA, 1978), volcanic front (SUGIMURA, 1960)
and metamorphic belts in the Kanto District (MiYAsHIRO, 1961). The
contact plane between the two slabs parallels the Sagami Trough and
may be extended to distorted bathymetric contours of 7000 m of the
Japan Trench near the point D, and also to the source region of
Takayama deep-focus earthquakes with the strike-slip at the depth of
about 300 km (AoxI, 1974).

The intersection of the two slabs has been studied from the
spatial distribution of hypocenters and focal mechanisms for the Hok-
kaido Corner (SASATANI, 1976; STAUDER and MUALCHIN, 1976; MORIYA,
1978), the Central Honshu (ISACKS et al., 1968; ISACKS and MOLNAR,
1971; Aoki, 1974) and the Ryukyu-Taiwan region (SHIONO et al., 1980).
The systematic variation of focal mechanisms around the junctions are
commonly observed in these regions. The focal mechanism with the
northward extension is observed in the Hokkaido region as well as
the westward compression in the Northeast Honshu slab. At the
boundaries of the Kurile and Northeast Honshu slabs the hinge fault-
ing is observed.

The double seismic planes have been observed on the depth dis-
tribution of earthquake hypocenters along the narrow sections includ-
ing a number of hypocenters (TSUMURA, 1973, 1981; TSUMURA and
KARAKAMA, 1981). Such narrow sections are not usable for large
earthquakes because of the smaller number of hypocenters. Fig. 6
shows the depth distribution of the relocated earthquakes along the
E-W sections of a width of 55km on each side (AA’ to FF' in Fig.
5). Earthquake magnitudes are shown by different sized -circles.
Shaded areas denote possible positions of upper boundaries of the in-
clined seismic zone derived from the depth contours in Fig. 5. For

the northern sections (AA’, BB’ and CC’) the seismic zone inclined to
the west can be traced down to a depth of about 200km. For the
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southern sections (EE’ and FF’) an inclined pattern of seismic zones
is not observed due to the small number of hypocenters, especially
for that part deeper than 100 km. Some scattered hypocenters for
the southern sections appear from the larger errors in hypocenter
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locations due to the great distances from the stations (MAxr, 1982a).

Fig. 7 (GG" to LL') shows the depth distribution of relocated
earthquakes along the N-S sections as shown in Fig. 5. Shaded areas
denote positions of upper boundaries of the inclined seismic zone de-
rived from the depth contours in Fig. 5. Earthquakes deeper than
200 km are also plotted for these sections. For the western sections
(GG, HY', II') an acute intersection of the Izu-Bonin slab dipping
greater than the Northeast Honshu slab is observed. For the eastern
sections (JJ’, KK’, LL') the seismic zones are flattened. The intensely
active region beneath the middle part of Chiba Prefecture is located
within the intersecting region of the Northeast Honshu and Izu-Bonin
slabs. Earthquakes beneath the southwestern end of Ibaraki Prefec-
ture are located along the upper boundaries of the Northeast Honshu
slab.
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Fig. 8 shows the comparison of depth distributions of hypocenters
(n=150) which are located by the JMA routine (a), and (b) by the
JHD (Joint Hypocenter Determination) method (MAkI, 1979). Even
with the very wide section of 1°, the seismic zone from the precise
location of hypocenters shows a space of 30 km between two parts.
The relatively shallow hypocenters of the southern groups of the 36°N
line suggest the upward convex plane of the Northeast Honshu slab.

The slab configuration was modeled from the spatial distribution
of the relocated earthquakes by correcting the Pn station biases. The
upper boundary of the inclined seismic zone was defined on the epi-
center distributions of earthquakes for the depth interval of 20 km.
These depth contours and depth distributions of hypocenters along the
E-W and N-S sections suggest the acute intersection of the Northeast
Honshu and Izu-Bonin slabs beneath the Kanto District. A gently
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Fig. 7. Depth distributions of relocated intermediate-depth earthquakes along the N-S
sections of the 44km width between the following two points; (a) G(83.00°N,
137.75°E) and G/(39.00°N, 137.75°E), (b) H(33.00°N, 138.25°E) and H’(89.00°N,
138.25°E), (c) I(33.00°N, 138.75°E) and I’(39.00°N, 138.75°E), (d) J(83.00°N,
135.25°E) and J’(89.00°N, 139.25°E), (e) K(33.00°N, 139.75°E) and K’(89.00°N,
189.75°E) and (f) L(33.00°N, 140.25°E) and L’(39.00°N, 140.25°E).

dipping angle of about 30° is seen for the Northeast Honshu slab and
a steeper angle of about 60° for the Izu-Bonin slab. The Northeast
Honshu slab shows a strong northwestward bending at its shallower
part. The double seismic planes were observed from other earth-
quakes located at the lower part or within the slab due to the small
number of relocated earthquakes. For the sections south off the Kanto
District such a double-layered structure is not seen.



20

T. MAKI

35°N
W Soit\fmc 1L\(E°E Ibo\J:oki E
0 oo | 1
o] o
[1oe] @o
o0
o fe]e] 0O 0O o
— (s o®©@ o o©° o @ o @ O+
OO0 oo O <00 000 6 O
[seies] o
@ CO [s] o
_E o (=} [s] o
£100~ oo o o [} oo -
& o o
o
o o o [e]e]
o] o
<] o
000 (o}
IMA
a
200 ] ] {
100 0 100km
36°N
W IzuPenn.  Saitama 14L0°E Ibaraki E
) y ¥ ¥
0 T N I T
°
o
L]
L] [ . .
. . *
| — ] oo
O LX) o0 q
. @OQ? 80".0 . o 09%,' e o9
* %,
%'n
o
€ g o°
X (o} o
<1001~ o o° -
8 o ° o
a o o © *
o L ° .
L]
[}
L]
. _
JHD
| b
200 | ! L
100 0 100km

e South cf 35N, o North of 36°N (£100km width)

Fig. 8. Comparison of the depth distributions of intermediate-depth earthquakes along
the E-W section of 100 km width around 86°N, (a) by the JMA routine and (b) by
the Joint Hypocenter Determination (JHD) method (MaKT, 1979). Solid and empty
circles in the lower part denote hypocenters which are located on the southern
and northern sides of the latitude of 36°N.



Focal Mechanisms of Intermediate-Depth Earthquakes beneath the Kanto 21

3. Determination of fault-plane solutions of intermediate-
depth earthquakes

Two types of focal mechanisms, the down-dip compression and ex-
tension along the upper and lower planes of the intermediate-depth
seismic zone beneath Northeast Japan, have been identified from the
fault-plane solutions for the composite first-motion data (UmiNo and
HASEGAWA, 1975, 1982; HASEGAWA et al., 1978a). In Northeast Japan
the down-dip stress is observed in the deeper half of the double
seismic planes, but this pattern is disturbed in the shallower half.
Fusra and KANAMORI (1981) perferred the “in-plane” stresses to the
“down-dip” stresses from the global survey of individual focal mech-
anisms. Focal mechanisms different from these two types are observ-
ed in the larger intermediate-depth earthquakes in the Kanto District
(MAKI, 1983b). In the present chapter fault-plane solutions are de-
termined for the greater number of earthquakes at intermediate-depths
by the numerical method (MAKI, 1982b).

Fig. 9 shows a summary of the previous study of focal mechanisms
for intermediate-depth earthquakes (n=26) which occurred at depths
from 100 to 200 km with magnitudes of 5.0 or more during the period
from 1963 to 1979 (MAKI, 1983b). For an intermediate-depth earth-
quake on September 25, 1972 (0.T.=18h25m583.4s, 142.43°E, 37.96°N,
115.7 km, M5.2), no first-motion data were reported. On the left-hand
side (a) of Fig. 9 empty and solid circles denote axes of maximum

LONG=131.00 - 145.00 LAT=31.00 - 39,00 2=100.0 - 200.0 MAG=5.0 - 3.0

PCLES A, B N

s b

Fig. 9. Summary of fault-plane solutions of intermediate-depth earthquakes, which
occurred at depths of £#=100~200km in and around the Kanto District with magni-
tudes of 5.0 or more during the period from 1963 to 1979 (MAKI, 1983b), by the
equal-area projection of the lower focal hemisphere for P, T and N axes (a), and
poles of nodal planes (b). Solid and empty circles and crosses denote axes of
maximum tension and compression and null vector, respectively. Smaller symbols
denote multiple solutions for same earthquakes.
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Fig. 10. Geographical distribution of mechanism types and average focal mechanisms
of the intermediate-depth earthquakes (h=100~200km, M=5.0) in and around the
Kanto District during the period from 1963 to 1979 (Maxki, 1983b). Letters “P”
and “T” beside epicenters denote the down-dip compression and extension, respec-
tively. Three types of average focal mechanisms were obtained by the numerical

averaging of direction cosines of P and T axes.

pressure (P) and tension (T), and crosses denote null vectors (N) for
these solutions. Poles of nodal planes were shown by empty circles
on the right-hand side (b). Three types of focal mechanisms are ob-
served, namely (1) the down-dip compression to the northwest, (2) the
extension dipping to the west, and (8) the compression or extension
dipping to the south. Fig. 10 shows schematic diagrams of the aver-
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age focal mechanisms (AM1 to 3) for these earthquakes and the dis-
tribution of epicenters classified by two types of focal mechanisms.
Focal mechanisms with the down-dip compression along the inclined
seismic zone (“P” beside epicenters) are observed in the inland re-
gion, and the down-dip extension (“T”) on the Pacific side.

The fault-plane solutions have been obtained by the numerical
method (MAKI, 1982b) for 42 intermediate-depth earthquakes which
occurred at depths from 80 to 200 km with magnitudes of 5.0 or more
during the period from 1963 to 1979. In the present study 12 fault-
plane solutions are obtained for seven intermediate-depth earthquakes
with magnitudes M>5.0 for the year of 1980, and 121 solutions for
95 earthquakes of magnitudes from 4.0 to 5.0 during the period from
1964 to 1980. First-motion data are also taken from BISC (Bulletin
of the International Seismological Centre) and the JMA Monthly Seis-
mological Bulletins. Take-off angles for the crust and upper mantle
structure of the JMA standard travel-time table (ICHIKAWA and
MocHIZUKI, 1971) are calculated for each focal depth (MAKI, 1982D,
1983a). Multiple solutions are obtained for some earthquakes, but uni-
que fault-plane solutions are determined for the majority of earth-
quakes. Scores of first-motion data are improved by an objective and
automatic method of discarding the poor data based on station re-
liabilities for possible solutions of each earthquake. In the present
study fault-plane solutions could be obtained for 144 out of 286 inter-
mediate-depth earthquakes which occurred with magnitudes of 4 or
more during the 18 years from 1963 to 1980. These solutions satisfy
first-motion data of 10 or more.

Some types of fault-plane solutions and their first-motion data are
shown in Figs. 11 to 14 by the equal-area projection of the lower
focal hemisphere. A solution of the down-dip extension is uniquely
determined for an intermediate-depth earthquake (M 5.5) which occur-
red off the Boso Peninsula at a depth of 92.2km on October 28, 1979
(Fig. 11). On the left-hand side of the figure the confidence regions
of fault-plane solutions with scores of 95% or more are shown for P,
T and N axes. For this earthquake 157 first-motion data are given
at first, but 30 first-motion data are automatically and objectively
discarded based on station reliabilities for relatively possible solutions.
On the right-hand side is shown the most suited fault-plane solution,
which satisfies the remaining data, of the southwestern side sinking
along the vertidal plane striking almost NW-SE. A solution of the
down-dip compression is shown in Fig. 12 for an intermediate-depth
earthquake which occurred beneath Shizuoka Prefecture on Nov. 6,
1976, at a depth of 180.7km (M 5.1) with the confidence region of
fault-plane solution on the upper part, and the first motion data on
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Fig. 12. Confidence regions of fault-plane solutions for all data of first motion (a),
those with improved scores by discarding less-reliable first-motion data (b), and the
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the west (c), for an intermediate-depth earthquake which occurred beneath Shizuoka

Prefecture on Nov. 6, 1976 (h=180.7 km, M5.1).
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the lower part. Only low scores of about 80% were obtained as the
first step for all the 112 first-motion data (a). After discarding 13
first-motion data based on station reliabilities for relatively possible
solutions, many solutions with usable scores higher than 95% were
obtained (b). The down-dip compression to the west is more probable
in a sense of averaging. Fig. 13a shows another type of focal
mechanism of the normal fault with an N-S extension for an inter-
mediate-depth earthquake which occurred beneath the eastern part of
Saitama Prefecture at a depth of 88.2km on Jan. 27, 1965 (M 5.6).
Fig. 18b shows a type of strike-slip with an NE-SW compression for
an intermediate-depth earthquake which occurred beneath Gunma Pre-
fecture at a depth of 131.7km on March 11, 1975 (M 5.1). For this
earthquake a thrust type of focal mechanism is also possible with the
same score. Fig. 14 shows a hinge fault along the nearly vertical
E-W nodal plane, (a) with the northern side sinking for an inter-
mediate-depth earthquake which occurred beneath Chiba Prefecture on
May 31, 1965 (h=127.8km, M 5.5), and (b) with the southern side
downgoing for an intermediate-depth earthquake which occurred
beneath Gunma Prefecture on Dec. 29, 1976 (h=1438.1km, M 5.8).

Table 1 lists chronologically the fault-plane solutions (n=178) of
144 intermediate-depth earthquakes which occurred in and around the
Kanto District during the period from 1963 to 1980 with magnitudes
of 4.0 or more. Origin times and hypocenter locations are redeter-
mined by correcting the JMA travel-time data with the Pn station
biases (MaAKI, 1982a), and the earthquake magnitudes are taken from
JMA. “dd” and “d” mean dip direction and dip angle of poles and
stress axes, and are given by the unit of tenth of a degree to keep
the orthogonal relation within 1°. Numbers of first-motion data are
shown for the read (all) and used ones (Nr and Nu) in the last two
columns. The maximum difference of 0.4° from the orthogonal condi-
tion is observed for angular distances between the principal stresses
and poles of nodal planes in the present study.

Fig. 15 shows the summary of fault-plane solutions for the inter-
mediate-depth earthquakes with magnitudes of 5.0 or more in the
upper part (n=>57 solutions) and with magnitudes from 4.0 to 5.0 in
the lower part (n=121). Empty and solid circles denote axes of max-
imum pressure (P) and tension (T), and null vectors (N) are denoted
by crosses on the left-hand side. On the right-hand side poles of
nodal planes are shown by empty circles. In comparison to relatively
large earthquakes (M=>5.0) variable types of focal mechanisms are ob-
served for smaller earthquakes (5>M>4).

The variety of focal mechanisms suggests a complicated feature
of earthquake-generating stress even at the intermediate-depth beneath
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f Intermediate-Depth Earthquakes beneath the Kanto
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34 T. MAKI

LONG=137.00 - 145.00
LATI= 31.00 - 39.00
DEPT= 80.0 - 200.0
MRAG= 5.0 - 8.0

POLES A, B

N= 57

LONG=137.00 - 145.00
LATI= 31.00 - 39.00
DEPT= 80.0 - 200.0
MAG= 4.0 - 5.0

POLES A, B N

N=121

Tig. 15. Summary of fault-plane solutions of intermediate-depth earthquakes which
occurred at depths of A=80~200 km with magnitudes of 4.0 or more in and around
the Kanto District during the period from 1963 to 1980. (a) Equal-area projection
of axes of maximum tension and compression and null vector denoted by empty
and solid circles and crosses, respectively. (b) Equal-area projection of poles of
nodal planes on the right-hand side. Smaller symbols denote multiple solutions
for same earthquakes.
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the Kanto District and vicinity. Smaller earthquakes show a wide
variation of fault-plane solutions, which may be produced by the local
stress. For such a region with complicated earthquake-generating
stress, analyses using composite first-motion data may not be useful
due to the mixed distribution of first-motion data for variable focal
mechanisms. Individual focal mechanisms tend to exaggerate the
spatial variations of earthquake-generating stress.

4. Spatial variation of focal mechanisms of intermediate-depth
earthquakes

The occurrence of earthquakes in the Kanto Distriet has a certain
relationship with the intersection of three lithospheric slabs of the
Pacific, Philippine Sea and overriding plates. The two systems of the
Northeast Honshu and Izu-Bonin slabs show the contortion or disrup-
tion due to the different dipping angles beneath the Kanto District
(IsACKS et al., 1968; IsAckS and MOLNAR, 1971; UTsu, 1974). The
lateral segmentation of the slab beneath Central Japan has also been
suggested by the deep-focus earthquakes with the strike-slip (Aoki,
1974). FuntA and KANAMORI (1981) excluded the Kanto region from
the global survey of the double seismic zone due to the fact that its
features are too complicated.

The geographical distribution of focal mechanisms is shown in
Fig. 16 for 48 relatively large earthquakes of M=5.0. The greatest
magnitude of 5.9 for these earthquakes is given to an earthquake
which occurred off Miyagi Prefecture on Oct. 6, 1976 (h=91.2km).
The westward plunging of P axes along the inclined seismic zone is
observed for earthquakes on the western side and the westward dip-
ping of T axes on the Pacific side. These features of focal mechanisms
indicate the “down-dip” stresses along the inclined seismic zone (ISACKS
and MOLNAR, 1971; HASEGAWA et al., 1978a). Other types of focal
mechanisms are also observed, such as the strike-slip, normal fault
with the N-S extension, the northern or southern side sinking along
the nearly vertical E-W plane, and the reverse fault with the E-W
compression. These focal mechanisms include the effects of the “in-
plane” stresses as pointed out by FuJiTA and KANAMORI (1981). The
nearly vertical E-W plane is produced by the hinge faulting or lateral
segmentation of the descending slab. Such variable types of focal
mechanisms suggest the spatial variation of earthquake-generating
stress at intermediate-depths beneath the Kanto District and vicinity.
Especially the different types of focal mechanisms from “down-dip”
compression or extension are caused by the intersection of the two
slabs.
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1863 1 1 M= 5.0 H= 80KM

1980 12 31 8.0  200KM N= 49 FROM MEC
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Fig. 16. Geographical dstribution of schematic diagrams (equal-area projection of the
lower focal hemisphere) of focal mechanisms of intermediate-depth earthquakes
which occurred at depths from 80 to 200 km with magnitudes of 5.0 or more in
and around the Kanto District during the period from 1963 to 1980. Shaded and
open areas of mechanism diagrams denote compressional and tensional areas of

first motion, and the letters “P”, “T” and “N” denote axes of maximum pressure
and tension and null vector, respectively.
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Reverse fault

n=50

Normal fault

n=66

Strike slip
n=52

Others

n=10

Fig. 17. Classification of fault-plane solutions of intermediate
80~200 km) in and around Kanto District; (1) RNWC: rev

LCNG=137.00 -
LATI= 31.00 -
CEPT= 80.0 -
HRG= 4.0 -

145.00
39.00
200.0

8.0

37

-depth earthquakes (A=
erse fault with the NW-

SE compression, (2) RNEC: reverse fault with the NE-SW compression, (3) NNWT:
normal fault with the NW-SE extension, (4) NNET: normal fault with the NE-SW
extension, (5) SNWC: strike-slip with the NW-SE compression, (6) SNEC: strike-

slip with the NE-SW compression, and (7) O: others.
are given for each type.

The numbers of solutions (n)
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For detecting the fine spatial variation of focal mechanisms, fault-
plane solutions are systematically classified by azimuths and dip angles
of principal axes. Reverse, normal and strike-slip faults are identified
by steeper dip angles of maximum tension and pressure and null vector,
respectively. The 178 fault-plane solutions are classified into six
types with equal parts, compared to the predominant reverse faults
for shallower earthquakes (MAKI, 1983b). Fig. 17 shows seven types
of fault-plane solutions for 144 intermediate-depth earthquakes; (1)
reverse fault with the NW-SE compression (RNWC), (2) reverse fault
with the NE-SW compression (RNEC), (8) normal fault with the NW-
SE extension (NNWT), (4) normal fault with the NE-SW extension
(NNET), (5) strike-slip with the NW-SE compression (SNWC), (6) strike-
slip with the NE-SW compression (SNEC) and (7) others (0). Empty
and solid circles denote axes of maximum pressure and tension, and
crosses denote the null vector. The geographical distribution of fault
types is represented in Fig. 18 by different symbols of epicenters as
shown in the legend, namely solid and empty symbols for reverse
and normal faults and crosses for strike-slips. Each type is separated
into two groups based on azimuths of P or T axes for reverse or
normal faults, and by P axes for strike-slips. Earthquake magnitudes
are represented by different sizes of symbols. Compared to the shal-
lower earthquakes normal faults and strike-slips are more frequently
observed. The reverse faults are observed for earthquakes located
beneath the Kanto District and in the coastal region on the Pacific
side (M1vacl and FUKUSHIMA Prefectures) and on the eastern side of
the Izu-Bonin Islands. The normal faults are observed for earthquakes
in the inland region on the Japan Sea side, off coast of Miyagi and
Fukushima Prefectures, and near the Boso triple junction far east off
the Boso Peninsula. The strike-slip faults are observed for earth-
quakes located just beneath the Kanto District, especially from Chiba
to Yamanashi Prefecture (the hatched area in Fig. 18). Earthquakes
at depths of h=80~200km are generally located along the lower
plane or within the seismic zone. Variable types of focal mechanisms
are considered to be produced by the high stress level and lateral
distortion of descending slabs due to the intersection of the two slabs
beneath the Kanto Distriet.

In Fig. 19 (a to f) the depth variations of mechanism types along
the E-W sections are shown only for intermediate-depth earthquakes.
For earthquakes with magnitudes of 5.0 or more, schematic diagrams
of focal mechanism are shown using the equal-area projection of the
northern focal hemisphere. The reverse faults (solid symbols) are ob-
served for most of these earthquakes along the upper boundary of the
inclined seismic zone, especially along the northern sections between
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1963 1 1 M= 4.0 H= 80KM
1880 12 31 8.0  200KM N=174
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Fig. 18. Geographical distribution of the fault types of intermediate-depth earthquakes
which occurred at depths of ~=80~200km with magnitudes of 4.0 or more in and
around the Kanto District during the period from 1963 to 1980. Epicenters are
represented by different symbols of fault types as shown in the legend. Reverse
and normal faults are represented by solid and empty symbols, circles for the NW-
SE stress and squares for the NE-SW stress, and strike-slips are shown by crosses,

respectively.



q-8 61 311
aJaydsiwey usayjoN

002 a0t ) 001 002
DON 6°6 - 0°V=H IDON
(WN0°09 =M] £689 90r9L 9T7SL SCT9L T7IL ° d q
X oo I ey C 4 ; L
€ L
0 @
J3NS  + 001 S oot
IMNS  x + |
I3 © |
IMNN  © )
JINY = ; ; X L
- 0 & § fooe 00t WY 0 001 002 fd 0
= JUNY e 0S:LE  Lousdy buitysning DIOBIUN  gse
— Q0°¥¥l 0S°8€l
=
: 002 WY 0 002
E 0oe 6°6 -~ G ¥=M RN ooz
(WND°09 =M) D
L1 =N N
REL
o O
122e9
.
001 ° 001
X x L]
‘N o X O_. x
€ Z
0 A EERTIE 001 Wi 0 BoAyy 001 pypbowpgooz |V o
05°8e  Louas] 05°8¢

0S°¥¥1 00°6€1




41

Focal Mechanisms of Intermediate-Depth Earthquakes beneath the Kanto

J3NS

JMNS

13NN
1MNN

J3INY
JMNY

cge

ool

0

00¢

oolt

0

aJaydsiway uJayyJoN

002 002
5 - 0vee w—gIeL
U oL ]
SE =N R
J3M
a1 ﬂoOm 001 WY 0  pmpBoupy 001 002 ta
DA oupbp .
. gyl oko {yspuow Nos-se
9818t Youau] oL 05°LET
002 001 Wy 0 002
86 - 07K STWBL 6769  WESL BIELY LIS  7ZBEL
(W00 =M) ] ) - . . " )
¥S =N ~. 4 o
23U m . A, R
. de z
L7 s 4 - o .
e S+ °©
9, e ® °
[ - o Ox *€ .
- .
Ot ?mm 001 WY O 001 002 $90
0s'se youal] DpDUDWIYSDY ppIpdl 1614o0] pwung  ounbBpN 0s°9¢
0S°€¥1 DIDGL MS 00°8€El

001

0o0e

0ot



‘aloul I0 ()'G JO sopnjiudew Yjim seyenbiyjare Joj Ljuo
pajussoldol oIe dISYdSIWLY [290F UIBYIIOU oY) JO SWRISRIP O11BWAYIS QT Pue AT 'sSI Ul UMOYS S8 §9dL) UDASS 03Ul PIYISSB[O
aag m:omﬁw_om ouB[d-3Ned  “(HoS GFT ‘NoS €8),d PUB (07281 ‘NS 880 () PUB (.G GVT ‘NoG'¥8),d PUB (Ho0'LET ‘NS ¥8)d ()
‘(M0 8V1 Zom..mmvb PUB (.5°LET ‘No9 ¢8)d (P) “(HoG €PT ‘NoG"98),0 PUe (F0°8ET ‘NG 98)0 (@) ‘(Ho0 ¥¥T ‘Nog'28).d PUB (H,S 88T
‘NoG 28)d (4) ‘(TS FPT ‘NoG'88),V PUB (H,0° 68T ‘N.G'88)V (8) {sjuiod omj Suimo[[oJ oY) Usomjaq SUOIIIAS -G 9y} Suoje soyenb

-y3aed Yjdop-9)BIpoWIajuUL J0J dIoydsIuey [BO0F UIoYIou 8y} JOo uoljosfoid eaie-|enbs pue sadf} jney jo uorjeriea yydeq ‘61 i
. aJaydsiwoy LIBY}JON

002 001 001 002
02T o6 - 0w g, 002
(HX0°09 =M) . %
i 62 =N
0 o
JANS  + 501 Loor
IMNS  x
13NN @
LMNN o i
o] .
%
— JIN =
= . 0 A4 qoom 001 WY 0 001 » 002 ! 0
‘ nee : 'sT buhlofiyop .
& 06551 Wual] 1 DULONYODH ybnoJ ] IDyuDN gsite
002 002 0al WY 0 001 002 002
Sevaloy o 7889 LKSDL 62679 66BL 7489 <808
- o ¥ ¥ P . . a |
81 =N 4 >
ﬂ A
Kl @_
.
um o Nn.
ge Gw ol
001 owy . 00t
x " d og .
N N "
~ 0 =l A. ?om 00t » WY 0 uad nzJ 001 q 002 1 3 0
0S77€ youad] ybnoy | 1wpbog ybnos) pbnung osre,

0s-tevl




43

Focal Mechanisms of Intermediate-Depth Earthquakes beneath the Kanto

‘sIoquinu oyrnbyjies Aq poiloFol oae suoijnjos ouvld-jney pue s10qu0dldy *(q) ®BIBP UOIJOW-}SIY pUB SWSIUBYDIDUL [€20F JO
oIoydsIway [e20] Iomo] dy3 Jo uoijoaford vole-[enbo oy pue ‘(¥) jueutwopaid aie syney difs-oy113s 9Y3 oYM ‘JOLISIJ 03uBY
oy} 3O (U] N,9¢ oY} punoie) jIed [BIJUSD dY3} [fjeausq sadf) 3neJ JOo uomnquIsIp [edryderdoad oYy Jo juswdIIBIUY ‘(3 31

S oN S N

0l

1844 81 =N B4 €1 =N N §1 =N

wesle o HAPCEL Sl sy i

NBS°SE N 02 L 0L61 NES®SE N 62 21 6961 N&Y "SE N 21 € 1161
S s

11 =N

81 =N 02 =N

N -
y.r 11 =N Wy0"L2l 901
CRUME] u HYe 1 30% " 6ET s2mLsHiz B sovuienit
Riege’ e 8z 2l 6161  NOZ'SE 52 1 Tl61  RsGEE 01 8 “2Lol
J3NS + LaNN O 23Ny =
0 @ IMNS X IMNN O JMNY @
30° 108 30°0¥1 307661 30°8¢l 30°Let

NO“SE

62 =N w00z 0°8 1€ 21 0861 D
¥ =W 1 T €961




44 T. Mk

37° to 85°N (CC’ and DD'). A lower plane of the inclined seismic
zone with a separation of about 30 km is observed for the E-W sec-
tions from 36° to 37°N. The reverse faults along the upper plane of
the inclined seismic zone are observed for earthquakes at depths down
to 80 km (MAk1, 1983b). The down-dip extension along the lower
plane of the double seismic planes is disturbed and other types of
focal mechanisms are observed beneath the Kanto District.

Fig. 20 shows an enlargement of the central part of the Kanto
District, where the strike-slip faults are predominant. The upper part
denotes epicenters classified by mechanism types, and the lower part
shows the equal-area projection of the lower focal hemisphere and first-
motion data for 10 earthquakes with strike-slips. Alternate directions
of silp motions along the nearly E-W plane suggest complicated slip-
pages along the contact plane. These types of focal mechanism and
the acute depth contours suggest the deep-seated fracture zone bet-
ween the Northeast Honshu and Izu-Bonin slabs. This fracture zone
may be extended to the source region of the Takayama deep-focus
earthquakes with the strike-slip in the deeper part (ISACKS et al.,
1968; Aoki, 1974), and in the shallower part to a disturbed trench
axis showing the discontinuous bathymetric contours of 7000 m.

Spatial variations of focal mechanisms of intermediate-depth earth-
quakes were studied using individual solutions of relatively large
earthquakes, mechanism types classified by axes of principal stresses,
and summaries of fault-plane solutions. Compared to the predominant
reverse faults along the upper plane of the inclined seismic zone, the
earthquakes located within the seismic zone show variable types of
focal mechanisms, including the normal faults and strike-slips. Strike-
slip faults are seen for earthquakes located directly beneath the Kanto
District and may be explained by the northwestward bending of the
Northeast Honshu slab and contact with the Izu-Bonin slab. The earth-
quakes located around the Izu-Bonin Islands show more variable types
of focal mechanisms.

5. Discussion and conclusion

The precise relocated hypocenters in the Kanto District and vi-
cinity were obtained using the JMA travel-time data by correcting the
Pn station biases (MAKI, 1981a). Microearthquakes in the Kanto Dis-
trict and Northeast Japan are located through the preliminary deter-
mination of origin times using S-P times observed at nearby stations.
SUZUKI et al. (1981) compared the differences of hypocenters located
by the preliminary determination of origin times from the S-P times
and by using only the P times. The double seismic zone was even
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observed by the P wave travel-time data (Maxi, 1981), especially by
the JHD method (MAKI, 1979).

The descending slab of the Pacific Plate beneath Northeast Honshu
and the Izu-Bonin Islands is outlined from the epicenter maps of in-
termediate-depth earthquakes for the different ranges of focal depth.
The upper plane of the inclined seismic zone, which can be located by
the western extremities of epicenters, shows a gentle dip of 30° beneath
Northeast Honshu and the steeper dip of 60° beneath the Izu-Bonin
Islands. Depth contours show the acute curve beneath Central Japan.
These contorted depth contours suggest the complicated intersection
of the northern end of the Izu-Bonin slab and the southwestern end
of the Northeast Honshu slab. The northwestward bending at the
shallower part and the disruption at the deeper part beneath Central
Honshu have been shown by ISACKS et al. (1974). Some seismically
active regions are observed in the shallower part where the greater
stress is stored due to the strong bending of the Northeast Honshu
slab and the intersection of the two slabs. The northwestward bend-
ing beneath Central Japan is consistent with the Quarternary com-
pressive deformation and Miocene terrains (MATSUDA, 1978), volocanic
front (SUGIMURA, 1960) and metamorphic belts (MivAsHIRO, 1961).

Fault-plane solutions (n=178) were obtained by the numerical
method for about a half (144 out of 286) of intermediate-depth earth-
quakes which occurred during the period from 1963 to 1980 with
magnitudes of 4.0 or more. In general, the intermediate-depth earth-
quakes located along the upper plane of the inclined seismic zone
show the focal mechanisms of the down-dip compression, while those
located along the lower plane show a focal mechanism of down-dip
extension. Besides the two types of mechanisms related to the double
seismic planes, a variety of focal mechanisms, including the strike-
slip, hinge fault along the vertical E-W plane and normal fault with
the N-S compression, have been observed, especially along the lower
part of the inclined seismic zone. The strike-slip is observed for
earthquakes located directly beneath the Kanto District and it seems
to be related to the contact plane of southwestern end of the North-
east Honshu slab and the northern end of the Izu-Bonin slab. The
alternate directions of slip motions along the nearly E-W striking
plane suggest the complicated slippages of the two descending slabs.

Fig. 21 represents a tentative model showing the intersection of
the Northeast Honshu and Izu-Bonin slabs beneath Central Japan by
the perspective projection viewed at an altitude of 100 km over the
Japan Sea (40°N, 136°E) towards the point (36°N, 140°E). Shore lines
and trench axes are also actually shown, and depth contours of upper
boundary of the seismic zone are denoted by thick lines for every 20
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Fig. 21. Perspective view of intersection of the Northeast Honshu and Izu-Bonin slabs
viewed from an altitude of 100 km over the Japan Sea (40°N, 136°E) toward the
point (36°N, 140°E). The inclined seismic zones are derived based on the depth
contours for every 20 km from 60 to 200 km in Fig. 5. Some fault types are shown
at arbitrary locations, (a) the down-dip compression and extension along the inclined
seismic zone (a hatched zone), (b) the hinge fault, and (¢) the strike-slip related
to the contact of the Northeast Honshu and Izu-Bonin slabs.
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km of depths from 60 to 200 km. The gentle dipping of 30° for the
Northeast Honshu slab and the steeper dip of 60° for the Izu-Bonin
slab are shown. Some types of focal mechanisms are shown, (a) the
down-dip compression and extension along the inclined seismic zone
(shaded area), (b) the hinge fault along the vertical plane striking
nearly E-W, and (c) the strike-slip along the contact plane between
the Northeast Honshu and Izu-Bonin slabs. The reverse fault with
the N-S compression is obtained for the Middle Saitama Earthquake
on July 1, 1968 (h=60.8 km, M 6.1) as well as ABE (1975). This earth-
quakes is located on the northward dipping plane of the northwestern
end of the Northeast Honshu slab. Portions shallower than 60 km are
excluded in this representation. Intensely active regions beneath the
Kanto District are located within the intersecting region of the
Northeast Honshu and Izu-Bonin slabs. A separation of focal me-
chanisms into the down-dip compression and extension is observed in
Northeast Japan. Such a simple separation is produced by the descent
of the single slab which is independent of the effects of the adjacent
slabs of the Kurile and Izu-Bonin Arecs.

Features of the double seismie zone vary from section to section
in and around the Kanto District. For the northern sections the
gpatial distribuion of hypocenters and focal mechanisms show a simple
pattern of the double seismic planes, but for the southern sections
even the inclined patterns of the seismic zone cannot be easily ob-
served. Such variations between the northern and southern sections
are caused by the effect of intersection of two slabs with the different
coupling between the Pacific Plate and overriding plates (KANAMORI,
1971, 1977; KELLEHER and McCANN, 1976; UYEDE and KANAMORI,
1979). Further studies are necessary for the fine structure of the
spatial distribution of hypocenters and focal process of intermediate-
depth earthquakes.
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