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After the occurrence of the 2011 Mw 9.0 off the Pacific coast of Tohoku Earthquake (March 11, 2011), a Mw 6.8 (Mj 7.0)
aftershock occurred on April 11, 2011 in Iwaki-city, Fukushima Prefecture, NE Honshu, Japan. The earthquake on April 11, 2011
(hereafter, 2011 Iwaki earthquake) occurred in temporal seismicity gaps and it was one of the major aftershocks after the 201
Tohoku earthquake. To investigate the stress field before the 2011 Ilwaki earthquake, we applied the multiple inverse method f
the focal mechanisms during one month before the earthquake. Using 12 focal mechanisms during the one month, the multip
inverse method (Otsubo et al., 2008) revealed normal-faulting stress state with the NE-SW trending Sigma3-axis. The small ar
gular misfits (7 degrees) between the slip direction predicted from the stress and that observed for fault plane of the 2011 Iwak
earthquake shows that the NW-SE trending extension is concordant with the slip motion of the 2011 Iwaki earthquake (Otsubo €
al., 2011). We then succeeded measured co-seismic slip directions during the rupture of the 2011 Iwaki earthquake. Slickeline
caused by the 2011 Iwaki earthquake are observed extensively over a wide range of the fault ruptures along the Itozawa Fat
(Active Fault and Earthquake Research Center, 2011; Ishiyama et al., 2011; Otsubo et al., in press). Especially, the curved «
cross-cutting fault slickenslins are observed at 8 localities along the Itozawa fault. The co-seismic slip have the curved slicken
lines that the direction of fault motion during the rupture of the 2011 Iwaki earthquake shifted from a normal faulting with a
left-lateral component to that with a right-lateral component. The angular misfits between the slip direction predicted from the
NW-SE trending extensional stress and that predicted from the each component of the curved slickenlines on the fault scary
are "33 to 65 degrees and "2 to 17 degrees, respectively. Misfit changes show that the co-seismic slip direction shifted to norm
faulting explained by the regional stress in the process of the faulting. These results suggest that co-seismic rupture process
near surface is a key to understand the gradual stress accumulations in the overlying plate associated with the huge trench ty
earthquake.
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Extensive aftershocks and triggered seismic events are ubiquitous following large earthquakes, but the controlling mechanisn
are not yet understood. Focal mechanisms of these events can provide insight into physical triggering mechanisms because tt
reflect friction coefficient and pore fluid pressure on the fault as well as the tectonic stress pattern. In the present study wi
examined physical processes triggering seismic events following the 2011 off the Pacific Coast of Tohoku earthquake (Mw =
9.0) by examining focal mechanisms through CMT data inversion and changes in the Coulomb failure function (DCFF). In the
shallow part & 20 km) of the source region the tectonic stress pattern drastically changed from reverse-type with east-west
compression to normal-type with east-west tension, while it doesn’t change in the remaining region. We evaluated DCFF in the
direction of resolved shear traction on the maximum shear plane of the present tectonic stress field. The direct causes triggeril
aftershocks of the 2011 Tohoku earthquake are increase of the magnitude of deviatoric stresses and decrease of the fault stren
which directly correspond to the two factors of the Coulomb failure function. The increase of seismicity rate in the region east to
the Japan trench and central Honshu was mainly controlled by the former, which is caused by the static stress change due to t
mainshock. The latter is more complicated, but one of the plausible physical processes is fluid diffusion excited by the mainshock
The temporal (apparent) stress rotation observed in the northernmost part of Nagano prefecture reflected temporal changes
statistical characteristics of focal mechanisms, caused by decrease of fault strength through increase of pore fluid pressures. T
local excitation of seismicity rate in the northern Honshu also indicates that aftershocks in the region with negative DCFF may
have been triggered by the same process.
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The 11 March 2011 Mw9.0 Tohoku-Oki megathrust earthquake induced many in-land earthquakes in Japan. Obvious change
in seismic activity are observed in the Nikkou-Ashio area located in the southern Tohoku. The seismicity rate was three to foul
times more active than usual. | have investigated the behavior of seismicity before and after the megathrust from 2000 to 201
observed by Earthquake Research institute, University of Tokyo and report its changes, the relationship between hypocenters a
the velocity structures and the b-value changes.

1) Seismicity.

After three hours later from the Tohoku-Oki earthquake, shallow micro earthquakes began to occur in the region. The induce
earthquakes are characterized by locating very shallow depths of 1-2 km. They located at two different places in character. Th
one is near and around volcanic bodies such as Mt. Nantai-san and Mt. Shirane-san, where usual earthquakes seldom occ
The other is along the Uchinokomori faults. The place is the most seismically active zone in Ashio, where the local earthquake:
always occur at depths of 7-8 km. The seismic activity around volcanoes is rapidly decreasing from June 2011, while the shallov
earthquakes along the Uchinokomori faults still continue with usual activity.

2) Relationship between the seismicity and the velocity structure

Beneath the volcanoes, anomalous low velocity zones at depths of 5-8 km widely spread, which indicates the existence c
magma or fluid. The induced shallow earthquakes are locating just above the low velocity zones. The shakes and the stre
changes due to the significant earthquakes and fluid derived from under low velocity zones result in shallow earthquakes. Th
decreasing of normal stress for the Uchinokomori faults and the upwelling flow of fluid also may result in very shallow earth-
guakes along the faults.

3) Change in b-value

B-value in the Nikkou-Ashio region changed immediately concerned to the 2011 Tohoku-Oki earthquake. Before eight months
b-value was 0.8, then gradually it increased up to 0.98 until just before the earthquake and after the Tohoku-Oki earthquake,
decreased down to 0.75. Until now the fluctuation of the b-value is related to the occurrence of low-frequency earthquakes
Low-frequency earthquakes in the Ashio region have occurred with a recurrence interval of about three years at the point o
b-value reversal. When the b-value is relatively low, low-frequency earthquakes occur and after that b-value become high witt
promoted seismic activity. In this time, low-frequency earthquakes occur almost the same period associated with the revers:
of b-value. The change of b-value is also caused by the 2011 Tohoku-Oki earthquake. We need a more study to understand t
relation between them.
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To understand the stress accumulation process in and around the Atotsugawa fault system with higher spatial resolution the
previous reports (Katsumata et al., 2010; Imanishi et al., 2011), we examined the focal mechanisms for very small earthquakes
this region using the data observed from January 2005 to December 2008 with temporary deployed seismometers and perman
stations. We determined the focal mechanisms from P-wave first-motion polarities by the method of Maeda (1992). The P an
S-wave arrival times, and P-wave polarities were automatically determined by the algorithm recently developed by Horiuchi et al.
(2011). In most depth ranges, the obtained focal mechanisms correspond to various types of faulting (normal, reverse, and rigf
lateral strike slip). At the deepest part, on the other hand, the right-lateral strike slip seems to be dominant, which is consister
with Imanishi et al. (2011). We have checked the automatically picked P-wave arrivals by WIN system (Urabe and Tsukada,
1991) just in case. Finally, we estimated the stress field in and around the Atotsugawa fault system from the focal mechanisms
a conventional stress inversion technique (Gephart and Forsyth, 1984). The earthquakes less than 15 focal solutions were adop
as input data for the stress inversion.
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