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Effects of Nearby Crustal Earthquakes with Moderate Magnitude
on the Occurrence Time of the Tokai Earthquake

A By legim B |l 2
Reiko KAI', Kenji MAEDA?, Hiroyuki TAKAYAMA®

(Received March 28, 2007: Accepted August 27, 2007)

ABSTRACT: Large interplate earthquakes have thus far been observed to occur at an interval of 90 to 150
years along the Nankai-Suruga Trough where the Philippine Sea plate subducts beneath the Eurasian plate.
Kuroki et al. (2004) estimated the effects of nearby large earthquakes, such as the 1923 Kanto and the 1944
Tonankai earthquakes, on the occurrence time of the Tokai earthquake. Similarly, we have calculated the
influences of shallow nearby earthquakes, such as the Shizuoka earthquakes (1935, 1965). These earthquakes
are smaller than the large earthquakes in total energy, but the effects cannot be neglected if the distance from
their source region to the starting point of the Tokai earthquake is short. In this paper, to quantitatively
evaluate the influence of the nearby moderate earthquakes in various locations above the plate interface on
the occurrence time of the Tokai earthquake, we add shear stress produced by the nearby earthquake to the
stress fields on the plate interface in the model region at different occurrence times. The results show that the
Shizuoka earthquakes (1935, 1965) mostly delay the occurrence time of the Tokai earthquake independent of
their occurrence times. The assumed nearby earthquakes with similar magnitude to the Shizuoka earthquakes
located above the plate interface, advance or delay the occurrence time of the Tokai earthquake from a few
days to a few years depending on their locations and occurrence times. Our results also suggest that the
moderate earthquakes above the presumed Tokai source region may not trigger the Tokai earthquake if they
occur one year or more before the Tokai earthquake. This agrees with the fact that historically the Tokai
earthquakes have not occurred after the Shizuoka earthquakes.
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Fig.1 Time evolution of the cumulative displacement in
the coupling region when effects of the nearby
earthquake are not taken into consideration. The
downward arrows show the occurrence times of the
Tokai earthquakes. The interval between EQ4 and EQS
is 153.45 years. A nearby earthquake is supposed to
occur Tp years before EQS.
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Fig.2. Plate configuration in the Tokai region and
the hypocenters of the nearby earthquakes. Stars with
numbers show the hypocenters of the Shizuoka
earthquakes and their occurrence years. Solid circles
with A, B, C, D, and E show the hypocenters of the

nearby earthquakes we simulated.
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Mechanism solutions

for nearby earthquakes and

seismicity around the investigated area. Stars and solid circles are
the same as in Fig. 2. The mechanism solution for the 1999/5/7
earthquake is commonly used for A to E, and those for 2004/7/5,
1999/2/18, and 2000/5/4 earthquakes are additionally used for C,
D, and E, respectively.

longitude | latitude depth length width slip strike dip rake M
[degree] | [degree] [km] [km] [km] [m] [degree] | [degree] | [degree]

1935 138.4E 35.02N 10 11 6 1 75 70 20 6.1
1965 1 138.3E 34.88N 20 16 8 0.5 31 61 21 6.1
1965 2 138.3E 34.88N 20 16 8 0.5 290 72 149 6.1
20051 138.38E | 34.953N 23 14 7 0.4 34 64 27 6.0
2005 _2 138.38E | 34.953N 23 14 7 04 291 66 151 6.0

A1 138E 35.25N 10 24 12 0.8 277 64 174 6.5

A2 138E 35.25N 10 24 12 0.8 9 85 26 6.5

A3 138E 35.25N 20 24 12 0.8 277 64 174 6.5

A4 138E 35.25N 20 24 12 0.8 9 85 26 6.5

B 1 138.5E 35.25N 10 24 12 0.8 277 64 174 6.5

B 2 138.5E 35.25N 10 24 12 0.8 9 85 26 6.5

B_3 138.5E 35.25N 20 24 12 0.8 277 64 174 6.5

B 4 138.5E 35.25N 20 24 12 0.8 9 85 26 6.5

C.1 138E 35N 10 24 12 0.8 277 64 174 6.5

C2 138E 35N 10 24 12 0.8 9 85 26 6.5

C3 138E 35N 10 24 12 0.8 138 57 -17 6.5

C 4 138E 35N 10 24 12 0.8 237 76 -146 6.5

C5 138E 35N 20 24 12 0.8 277 64 174 6.5

C 6 138E 35N 20 24 12 0.8 9 85 26 6.5

C7 138E 35N 20 24 12 0.8 138 57 -17 6.5

C.8 138E 35N 20 24 12 0.8 237 76 -146 6.5

D 1 137.5E 34.75N 10 24 12 0.8 277 64 174 6.5

D2 137.5E 34.75N 10 24 12 0.8 9 85 26 6.5

D 3 137.5E 34.75N 10 24 12 0.8 71 72 166 6.5

D4 137.5E 34.75N 10 24 12 0.8 166 77 18 6.5

D5 137.5E 34.75N 20 24 12 0.8 277 64 174 6.5

D 6 137.5E 34.75N 20 24 12 0.8 9 85 26 6.5

D7 137.5E 34.75N 20 24 12 0.8 71 72 166 6.5

D8 137.5E 34.75N 20 24 12 0.8 166 77 18 6.5

E_1 138E 34.75N 10 24 12 0.8 277 64 174 6.5

E 2 138E 34.75N 10 24 12 0.8 9 85 26 6.5

E 3 138E 34.75N 10 24 12 0.8 322 69 19 6.5

E 4 138E 34.75N 10 24 12 0.8 225 72 158 6.5
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Fig.4. The occurrence time perturbation of the Tokai earthquake caused by a Shizuoka earthquake as a function of the
leading time. That effect is indicated by how many days the Tokai earthquake would be delayed by a Shizuoka
carthquake as compared to the case without the Shizuoka earthquake. The different lines correspond to different source
models of the Shizuoka earthquakes, the fault planes of which are shown by the solid red lines on the right.
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Fig.5. (a) Shear stress on the plate interface just before the nearby earthquake, set up at 15 years before the Tokai
earthquake. (b) Perturbation of the shear stress on the plate interface by the nearby earthquake 2005 1, and (c) shear
stress just after the nearby earthquake. The reddish area indicates an increase of shear stress and the bluish area a
decrease. .
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Fig.6. (a) Shear stress on the plate interface just before the nearby earthquake, set up at 35 years before the Tokai
earthquake. (b) Perturbation of the shear stress on the plate interface by the nearby earthquake 1965 2, and (c) shear
stress just after the nearby earthquake.
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Fig.7. Occurrence time perturbation of
the Tokai earthquake by the nearby
earthquakes listed in Table 1. (a), (b),...,
and (e) correspond to locations A, B,...,
and E of the nearby earthquakes in Fig.
2. Red and blue lines are for conjugate
fault planes of nearby earthquakes with
the p-axis in the NW-SE direction and
the green and black lines correspond to
fault
earthquakes with a p-axis in the E-W or
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lines are for the nearby earthquake fault
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and 20 km
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respectively.  Focal
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Fig.8. Perturbation of the shear stress on the plate interface by the nearby earthquake. (a), (b),..., and (f) correspond to the
fault models of A 3, B 3,C 5,D 7,E 1,and C_7 in Table 1.
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Fig.9. The shear stress on the plate interface (a) 40 years before the Tokai earthquake, (b) 10 years before the Tokai

earthquake, (c) one year before the Tokai earthquake.
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