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Viscous relaxation after the Tohoku Oki Earthquake by heterogeneous rheological struc

ture of the NE Japan
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Deployment of dense network of geodetic observations has illuminated the heterogeneous crustal deformation associated wi
the Mw 9.0 2011 Tohoku Oki earthquake. Ohzono et al. (2012) showed the heterogeneity of coseismic strain fields likely reflect:
ing heterogeneity in rheological (viscoelastic) properties of the NE Japan lithosphere (Yabe et al., in prep). Moreover, viscoelasti
relaxation after the earthquake that lasts longer than other mechanisms (e.qg., afterslip and poro-elastic rebound) has also knowr
be affected by viscosity structures of the island arc-trench system such as elastic thickness variation, spatial and depth-depend
viscosity. Therefore, the viscosity structure of the NE Japan trench-arc system must be estimated in order to evaluate the visco
relaxation component accurately in the observed post-seismic deformation field. To this end, two-dimensional viscosity profile:
of the northeastern (NE) Japan island arc-trench system were created using laboratory derived constitutive laws of various mine
als. The calculated profiles based on temperature, pressure and water contents dependent rock rheology predict viscosities of
mantle wedge and oceanic mantle to bé”1Ra s and 1% Pa s, respectively. These values agree well with the recent estimate
of the viscosities after the post-seismic deformation of the 2004 Sumatra earthquake (Mw 9.2). This indicates that the steady
state flow laws of rocks can be used to infer post seismic deformation field. However, our calculations reveal significant latera
variations in viscosities across the northeastern Japan arc: thick, high viscous lithosphere in the colder forearc and thin and lo
viscous lithosphere in the hotter volcanic front. Preliminary two-dimensional finite element modeling (FEM) on post-seismic
deformation of the Tohoku Oki earthquake revealed that the incorporation of the lithosphere structures have significant effect
to the stress relaxation process compared with widely used uniform layered model. In the presentation, we will furthermore ex
amine stress relaxation process of the lithosphere from FEM modeling taking into account of temperature- and depth-depende
heterogeneous rheology.

References: [1] Muto, J. (2011) Tectonophysics, 503, 201-206. [2] Ohzono, M., Y. Yabe, T. linuma, Y. Ohta, S. Miura, K.
Tachibana, T. Sato, and T. Demachi (2012) Earth Planets Space, 64, 1231-1238.
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Change in stress field by the 2011 Tohoku-Oki earthquake and fault strength-stress loac

ing process for inland earthquake
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Imaging the source regions of normal faulting sequences induced by the 2011 M9.(
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Intense swarm-like seismicity associated with shallow normal faulting was induced in Ibaraki and Fukushima prefectures,
Japan, following the 2011 Tohoku-Oki earthquake. This seismicity shows a systematic spatiotemporal evolution, but little is
known of the heterogeneity in crustal structure in this region, or its influence on the evolution of the seismicity. Here we elucidate
a high-resolution model of crustal structure in this region, and determine precise hypocenter locations. Hypocenters in Ibarak
Prefecture reveal a planar earthquake alignment dipping SW at about 45-degree, whereas those in Fukushima Prefecture sh
a more complex distribution, consisting of conjugate sets of aligned small earthquakes. On the north of the hypocenter of th
largest earthquake in the sequence (the M7.0 Iwaki earthquake), we imaged a high-velocity body at shallow depths that lack
aftershock seismicity. Based on fault source models, the large-slip region of the Iwaki earthquake is situated along a zone th:
roughly coincides with this high-velocity body. We delineated a separate low-velocity anomaly directly beneath the hypocenter
of the Iwaki earthquake, indicating crustal fluids in this region. We hypothesize that strong crust underwent structural failure due
to the infiltration of crustal fluids into the seismogenic zone from deeper levels, causing the Iwaki earthquake.
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