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The 2001 Geiyo Earthquake and a Bending
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A viscoelastic bending moment theory is applied to the subducting slab of the Philippine Sea
plate. The slab is steeply bent at the northern end of the Kyushu-Ryukyu subduction zone compared
with at the southern part of the arc. The plate boundary on the cross section of the slab beneath
Aki-Nada, Iyo-Nada and Bungo Channel, sea regions between Kyushu and Shikoku Islands, represents
an arc of a circle, as demonstrated by the microearthquake distribution during over 10 years. The
elastic bending moment is evaluated based on this geometry, where the deformation due to viscosity
is reduced applying a Maxwell viscoelastic theory. The bending is too large in strength to ascribe it
only to the force of negative buoyancy of the slab. We here assume the horizontal pressure generated
by the spreading mantle flow accompanying upwelling magmas at the volcanic area in northern
Kyushu, where extensive ground movements have been detected by geodetic measurements. The
exerted uniform pressure to bend the slab is estimated to amount to (=) 72 MPa, when we take the
following model constants as standards: the thickness of the slab #=30 km, Young modulus of the
slab (E=) 1.8 X 10° MPa, Poisson’s ratio (v=) 0.27, an average elapsed time since the subduction of the
slab initiated (=) 1.9 X 108 y, the time constant of the viscoelastic slab (=) 3.0 X 10% y, and the excess
density of the slab compared with the surrounding athenosphere (4o =) 0.06 X 10% kg/m?® The region
of the highest seismic activity is located at the vicinity of the upper locked portion of the plate, where
destructive earthquakes have frequently occurred. The 2001 Geiyo earthquake of M6.4 was one of
them and took place at the eastern end of this active seismic zone. The focal mechanism of the event
shows normal faulting as similarly as those of the majority of small earthquakes in the seismic active
region. The main cause of this large earthquake is considered to be the bending force of the plate.
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Fig. 1. Distribution of intermediate depth microearthquakes in the Aki-Nada, lIyo-Nada and
Bungo-Suido regions between Shikoku and Kyusyu Islands (January, 1995-June, 2001; M>2; focal
depth>35km). The aftershocks and the focal mechanism solution by initial motions of the 2001

Geiyo earthquake are also shown.
region indicates compression.
Institute. The block F-F’ in Fig. 2 is shown.
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Equal area projection on the lower hemisphere.
After Earthquake Observation Center, Earthquake Research
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Fig. 2. Vertical distribution of microearth-
quakes for the central part block in the
Bungo-Suido region. Same with the figure
for Block F-F’ in Fig. 4(b) in Miura et al.
(1991), which is reproduced in Fig. 1. The
fitted circle line for the plate boundary is
drawn. x denotes its center.
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Fig. 3. Plate model based on the focal depth
distribution in Fig. 2.
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Fig. 4. Variation of the hypothetical stress o,
that is shown in Fig. 3, against the thick-
ness of the plate for differnt viscoelastic
time constants t.
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Fig. 5. Focal mechanism solutions around the

region with high seismic activities. Equal area

projection on the lower hemisphere. The black region indicates compression. After Miura (1994).
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Fig. 6. Historical destructive earthquakes in
the Aki-Nada region. Hypocentral data are
from Usami (1987).
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