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3D modeling of the cycle of a Tohoku-oki earthquake considering high-velocity friction:
preceding and postseismic slips
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The preceding, coseismic, and postseismic slips of the 2011 Tohoku-oki earthquake were investigated in detail by several
authors. Suito et al. (2011) reported that preceding aseismic slips began occurring in the off Miyagi to off Ibaraki region in 2004,
along with M7-class earthquakes. After the 2011 Tohoku-oki earthquake, postseismic slips occurred in an area where coseismic
slips were not significant (Ozawa et al., 2012). The occurrences of preceding, coseismic and postseismic slips are controlled by
friction properties. The present study investigates preceding and postseismic slips, by using the model developed by Shibazaki et
al. (2011). They performed 3D quasi-dynamic modeling of the cycle of a megathrust earthquake in the offshore Tohoku region,
Japan, using a rate- and state-dependent friction law with two state variables that exhibits strong velocity weakening at high
slip velocities. They set several asperities where velocity weakening occurred at low to intermediate slip velocities. Outside the
asperities, velocity strengthening occurred at low to intermediate slip velocities. At high slip velocities, strong velocity weakening
with large displacements occurred both within and outside the asperities.

The results of numerical simulations showed that, before the occurrence of M9 class events, M7.5 class earthquakes occurred in
the off Miyagi, Fukushima, and Ibaraki regions. Slip velocities increased significantly in the region surrounding strong asperities.
M9 class earthquakes initiated around the strong asperities. Following the main event, postseismic slips occurred at the deeper
part of the seismogenic zone. In the region that is located below the northern shallow rupture area of the simulated Tohoku-
oki earthquake, large postseismic slips occurred. In the off Miyagi region, postseismic slips occurred in the deep area where
coseismic slip was small. On the other hand, in the off Fukushima and off Ibaraki regions, small postseismic slips occurred in
the region between asperities. The distribution of postseismic slips obtained by our simulation is roughly consistent with the
observed actual distribution (Ozawa et al., 2012). In the present model, we set the velocity-strengthening region in the off Ibaraki
region close to the Japan Trench. Therefore, significant postseismic slips occurred in the off Ibaraki region close to the trench. If
the frictional property in this region is stable, large postseismic slips will be detected by the observation of ocean bottom crustal
deformation.
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