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Patterns of Crustal Activity Associated With the Convergence
of Three Plates in the Kanto-Tokai Area, Central Japan
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National Research Center for Disaster Prevention, Japan

Abstract

Microearthquake hypocenters totaling about 20,000 were relocated by applying a
revised velocity model to the observational data of the Kanto-Tokai seismic network
of the National Rescarch Center for Disaster Prevention. The hypocenter
distribution of high resolution clearly shows some characteristic features of seismicity
in the Kanto-Tokai area ; the seismic plane dipping from the Nankai and Suruga
Troughs, double seismic planc associated with subduction of the Pacifice plate,
clusters of deep foci in southwestern Ibaraki and middle Chiba, and so on. For
about 500 earthquakes, fecal plane solutions were also determined.

Based on the results of seismological studies, we delineated three-dimensional
distribution of the Pacific, Philippine Sea and Eurasian plates which are converging
in the Kanto-Tokai area. By integrating the plate distribution and tectonic
evidences, we propose the “unified plate model for interpreting the tectonics of the
Kanto-Tokai area” (shortly, the “unified model”). The unified model is outlined as
follows. The Philippine Sea plate moving to the northwest against the Eurasian plate
is separated into three parts at the northern rim ; the eastern wing, central part and
western wing. The eastern wing is subducting beneath the Kanto area, and its eastern
edge is in collision with the Pacific plate genearating high seismicity at the depth of
60-80km in southwestern Ibaraki and middle Chiba. The western wing is subducting
beneath the Tokai area from the Nankai and Suruga Troughs. The central part

5 2 W



BRS¢ v ¥ — e £355 19854 11 B

colliding with the Eurasian plate in the area to the north of the Izu Peninsula is
decoupled with the eastern wing by N-S trending faults of lefi-lateral strike slip, and
with the western wing by NW-SE trending faults of right-lateral strike slip. The Tzu
area where those two types of fault systems dominate is referred to as the “Izu shear
zone”.

It is shown that various kinds of tectonic activities in the Kanto-Tokai area are
consistently accounted for by the unified model ; Quaternary subsidence of the
Kanto Basin, space-time pattern of earthquake occurrence, migration of seismicily
and crustal deformation, and so on. Some historical carthquakes are discussed in
detail from the standpoint of the unified model. For the Ansei-Edo carthquake of
1855 (M=06.9), we emphasize the possibility of an interplate earthquake between the
Philippine Sea and Eurasian plates. We further suggest that the Meio earthquake of
1498 (M =8.6), Keicho carthquake of 1605 (M=7.9) and Genroku earthquake of
1703 (M =8.2) might be intraplate earthquakes which generated large scale ruptures
in the Philippine Sea plate.

The unified model merits the name in two points: (1) it provided a basis for
understanding the tectonics of the Kanto area and Tokai area not separatedly but in
a unified manner ; (2) it succeeded in consistently interpreting not only the seismicity
pattern but other tectonic evidences in the Kanto-Tokai area. The unified model
advanced the classic idea of a rigid plate to the plate with internal deformation in
that mutual motion of adjacent plates is represented by a transitional boundary zone.

Although the unified model succeeded in giving the framework of tectonics of the
Kanto-Tokai area, it still leaves some ambiguities in fine details. Accumulation of
observational data is needed for such future works as clearly delineating southern
extension of the Philippine Sea-Pacific plate houndary, and revealing the detailed
feature of the Philippine Sea-FEurasian plate collision. The present model, hower, is
expected to play a leading part in deeply understanding the tectonics of the Kanto
-Tokai area as well as in working out the strategy of earthquake prediction of the
complicated area.
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Fig. 3.7 Epicentral distribution during the night time (7p.m.-6a.m.) for different
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Fig. 3.7 Epicentral distribution during the night time (7p.m.-6a.m.) for different depth
range. (f)0~30km ; shaded regions show the areas of artificial
earthqakes (explosions).
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and
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July 1979 to June 1981 for each thick layer.

(&) 40~50km.

(d) 30~40km.
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and

July 1979 to June 1981 for each thick layer.

(£) 50~60km.

(8) 60~70km.
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and
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(h) 70~80km.

(i) 80~90km.
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and

3.8

July 1979 to Junc 1981 for each thick layer.

(i) 90~100km. (k) 100~110km.
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and

3.8

July 1979 to June 1981 for each thick layer.

(m) 120~130km.

(1) 110~120km.
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{(n) 130~140km. (o} 140~170km.
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Fig. 3.8 Epicentral distribution for the period from April 1978 to March 1979 and

July 1979 to June 1981 for each thick layer.

(1) 290~320km. (u} 320~350km.
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Fig. 3.9 Focal mechanisms at the north end of the Tachikawa fault
(equal area projection on the lower hemisphere)
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Fig. 3.10 P axes of focal mechanisms in and near the Izu peninsula.
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and depth are shown in (a). Date and magnitude of each earthquake are
given at the bottom of the mechanism diagram.
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Fig. 3.12 Aftershock distribution and focal plane solution of the August
4, 1974 earthquake at southwestern part of Ibaraki Prefecture
(a), and a typical focal mechanism for the same area (b).

( ) 1960 9 24 410 36.011 138.791 77.1 1980 9 21 1218 35.846 139.457 53.0
: X Y P T B (b) X Y P T B

AZ 275.9 310.9 180.4 295.8-151 .4 AZ 167.7 265.1 167.3 203.5 99.5

TH 140.6 56.1 160.2 98.68 7Z.4 TH 94,7 20,6 136.0 52.8 70.0

3.13 R S0~80km TRET AHED A & =X LEDH.

Fig.3.13 Example of normal fault type of focal mechanism occurring at the
depth range of 50~80km.
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Fig. 3.14 Indiex map for the north-south(N-S), and east-west(E-W)
microearthquake hypocentral profiles.
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Fig. 4.1 The unified plate model for interpreting the tectonics of the Kanto Tokai
area.
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(b) 0-30km

4.2 1923 FRARMIEC L B ETFAB@EES O’VSO km (b), 60~-80
km () BRI, HE EB2H iﬁﬁﬁiﬁﬁ,&o)%#_hﬁ b)DFLIE 1977 F
6~T PO ittt E OEEE e = 7.

Fig. 4.2 Crustal deformation associated with the 1923 Kanto earthquake (a)
and distribution of microearthquakes for the depth of 0~30km (b) and
60~90km {c). Shaded area shows the upheaval zone at the time of the
Kanto earthquake.
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Fig. 4.3 (2) Focal mechanism of the 1980 lzu-Hanto-Oki earthquake
(M6.7) and following two major earthquakes beneath the
Kanto area.
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Fig. 4.3 (b), (c¢)Possible mechanism to interpret the succesive occurrence
of the three earthquakes.
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Fig. 4.4 Vertical displacement(in m) obtained by the Shimosueyoshi terarce(0.

12Ma) and epicentral distribution of microearthquakes for the depth of 60
~%0km (b).
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Fig. 6.1 (a) Plate boundaries adding the
Izu shear zone to the hitherto
idea.

(b) Plate boundaries obtained by
this study, where the shaded
portion is the plate boundary
zone.
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