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Abstract

From the analyses of crustal strains in Kyushu district, it was found that the upheaval area is in good
agreement with the zone of the increasing dilatation.

This upheaval area is accompanied with the develpopment of relatively large zones of maximum shear
strains that occurred around it as a result of the regional tectonic field. On the other hand, the presence of the
earthquake zones associated with active faults are observed on both sides of the dilatation area and are depend on
the tectonic compressional direction on the earth’s surface.

In places where there is increasing geoidal undulation,which apparently corresponds to the dilatation zone, no
seismic area is likely to be formed.

From these results,intraplate earthquakes are expected to occur around the zone of increasing geoidal
undulation so as to stabilize the geopotential in the area and to regulate further crustal upheaval. This is clearly

manifested in Kyushu district by the existence of major geological structure such as active faults and fracture

zones found around the geological dilatation zone.
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Fig. 1, The combined results of space-time distribution of great earthquakes along the Nankai Trough (Kasahara and

Sugimura, 1978) and destructive earthquakes of M=7.5 occurred in the range of K;, K, and Ks; (Nagamune and Tashiro,
1989) found at the eastern part of Kyushu. K, region is characterized by no large earthquakes, active volcanism and
creeping subduction, while K. and K; regions indicate large earthquakes occurring alternately.
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Fig.2 Earthquake occurrences of large earthquakes in the
eastern part of Kyushu since 1498 and the great
earthquakes along the Nankai Trough as shown in
Fig. 1 (upper). The north K; and the K;~K; regions
show the areas Offshore Akinada and Offshore
Iyonada~Hyuganada, respectively. NT shows the
great earthquakes along the Nankai Trough. Their
cumulative seismic energies in K;~K; and NT areas
are shown in the bottom figure.
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Fig.3 Destructive earthquakes in and around Kyushu
(1361~1498). The subducting plate in this region
is thin (30-50km) and steeply descends at a high
angle with no double seimic zones. The volcanic arc
associated with intermediate-depth earthquake
zone (90-150km) on the descending lithosphere is
shown by distorted solid lines. The thin bending
plate descending beneath Kyushu is split into three
blocks, as shown in Fig. 1. The size of the circle is
shown by the Dambara formula (1966) (earth-
quake magnitude-area of crustal deformation).
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Fig.6 Destructive earthquakes in and around Kyushu
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Fig.7 Destructive earthquakes in and around Kyushu
(1854~1944-6).
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Fig.8 Destructive earthquakes in and around Kyushu
(1944-6~present). The no-earthquake region is
found around Offshore Iyonada between East
Kyushu and West Shikoku.
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Fig.9 The destructive earthquakes of M=75 in and
around the East Kyushu. The egg-shaped broken
line shows -100mgal contour of the Free air gravity
anomaly (Kono and Huruse, 1989). The large
broken circle shows the earthquake of M7:/ in
1662.
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Fig. 10 Vertical deformation in Kyushu in a time span of about 100 years during a period from 1889-1901 to 1987-1989 (A,
Left) and the vetical crustal movement (unit in 100m) in the Quaternary period by Yoshikawa et.al. (1973) (B, Right).
Analyzed leveling data indicated in the figure are quoted from Record of First Order Leveling Survey Data by the
Geographical Survey Institute.

%

L—————‘_‘
okm 50 100
Fig. 11 Vertical deformation in Kyushu during a period Fig. 12 Vertical deformation in Kyushu during a period
from 1885-1901 to 1962-3. Vertical crustal de- from 1962-3 to 1968-9. Vertical crustal deforma-
formation in the 1914 Sakurajima volcanic eruption tion was very prominent in and around Sakurajima
was found to be very considerably large as also in are also considerably active as shown in the later

Fig.10 (A, Left). Figures (Figs. 13, 14, 15).
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Fig. 13 Vertical deformation in Kyushu during a period
from 1968-9 to 1976-8.
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Fig. 14 Vertical deformation in Kyushu during a period
from 1976-8 to 1981-3.

Fig. 15 Vertical deformation in Kyushu during a period
from 1981-3 to 1987-90.
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Fig. 16 Crustal horizontal maximum shear strain in
Kyushu in a time span of about 100 years during a
period from 1891-3 to 1989-91 (GSI, 1993). Dotted
areas represent relatively slight large zones of
maximum shear strain associated with curved solid
lines which correspond to its general trend.
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Fig. 17 Crustal horizontal maximum shear strain in
Kyushu in a time span of about 10 years during a
period from 1981-2 to 1989-91 (GSI, 1993).
Slightly large zones of maximum shear strain are
shown by solid oblique lines. The solid straight line,
A in NW-SE direction is nearly perpendicular to the
curved lines and roughly parallel to the Kyushu
Palau Ridge.
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Fig. 18 Crustal horizontal aerial dilatation in Kyushu in a

time span of about 100 years during a period from
1891-3 to 1989-91 (GSI, 1993). Slightly large areas
of dilatation are shown by solid circles.
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Fig. 19 Crustal horizontal aerial dilatation in Kyushu in a
time span of about 10 years during a period from
1981-2 to 1989-91 (GSI, 1993). Slightly large areas
of dilatation are shown by solid curved lines.
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Fig. 20 Characteristics of secular crustal deformation
changes in Kyushu. A,shows the vertical deforma-
tion in Kyushu during a period from 1975-8 to 1987
-90. Cross-sections B, C and D along A indicate the
vertical deformation, dila-tation, and maximum
shear strain, respectively, in the recent 10 years
period. E and F show the cross-sections on the same
line and correspond to the gravity change and the
geoidal undulation, respectively. The upheaving
area in B agrees with the increasing dilatation area
in C found in the middle part of Kyushu. In a
direction towards dilatation area, the maximum
shear strain increases progressively. Roughly, E
agrees with D while F agrees with C.From these
results, earthquakes are expected to occur so as to
stabilize the geopotential and so as to regulate
further crustal upheaval,however, the obtained
values are slightly larger than the limiting value of
error. This shows a typical pattern of crustal
deformation caused by high angle thin subducting
plate.
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Fig. 21 The relation among the geoidal undulation anomalies (thick solid circle), the shallow earthquakes and the active fault
in Kyushu (Original figures are given by Fukuda et.al. (1993), Meteorological Agency (1994) and Active Fault in
Japan (1980), respectively). From these figures, earthquakes are suggested to occur around the geoidal undulation -

zones, depending on the tectonic field at the earth’s surface, as also indicated in Fig. 11. This is clearly manifested in the

area by the presence of significant geological structures such as faults and fracture zones.
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