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The ETAS model provides a good estimate of earthquake intensity when the underlying mechanism is uniform, or stationary
Any diversions of it from the data hence imply seismicity anomalies involved temporally into the focal region. Activation and
guiescence caused by stress changes from outside are one of such anomalies. Relatively long-lasting changes can be treate
the ETAS model with one or a few change-points; in which framework all or part of ETAS parameters are estimated separately
and independently across those change-points. This method, however, has troubles when changes occur gradually over time
kicks in for a short period of time, or appears repeatedly. For such cases, alongside the change-point framework, we consider tl
following more flexible form of misfit functions q(t)’s which estimate the misfits of the ETAS model from data.

We here adopt two forms of misfit functions. Both of them are to be estimated as the best modifications of the ETAS model
to data, evaluated at each occurrence time of event. Because of this large parameterized nature, we use the Bayesian smoott
method to estimate them. The first misfit function modifies the overall reference ETAS intensity itself;

lambda’(t)=lambda(tq(t). (modell)

Any large diversions of g(t) from unity reveals misfit of the ETAS model and hence suggests anomalies in seismicity. The
second misfit function re-estimate the background component of the ETAS intensity: mu, which is originally constant, as a time-
varying function mu(t) in the form

mu’(t)=muxq(t), (model2)

so that the estimated function let us follow the change in the background seismicity which is most susceptible to certain cause
among the ETAS parameters. We check the characteristics of these functions with simulated data first, then applied them to sor
of inland earthquake clusters triggered by the Tohoku Earthquake as well as the data sets with swarm events, to which the norm
ETAS model poorly fits. The data sets include earthquakes on Nagano-Niigata prefecture boundary (M6.7), eastern Shizuok
(M6.4), Fukushima Hamadori (M7.0) and swarm events in north-west of Lake Inawashiro.

oo0o0o0D:00000,ETASO0O0,0000,000000,000000
Keywords: Touhoku earthquake, ETAS model, swarm, Bayesian smoothing, misfit

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]agg‘sgimc

Union

SSS36-03 0 0:303 00:50 210 16:15-16:30

obooobuobbooboboobtoobuobuobobooboobuooood

000
Normal-faulting seismic sequences in Ibaraki and Fukushima Prefectures triggered by th

Mw?9.0 Tohoku-oki Earthquake

OO0 000 00000 LOo0O0O0 YL, 0o0ooL,0ooo?, 000 L0000 L,0000O0D0OOOOooooo
ooooot

KATO, Aitaro'*, IGARASHI, Toshihird, SAKAI, Shin’ichi!, OBARA, Kazushigé, TAKEDA, Tetsuy&, IIDAKA, Takashi!,
IWASAKI, Takaya', Group for the aftershock observations of the 2011 Tohoku-oki Earthduake

l0oo0o0oO0oO0o0on,?2000000000
LERI University of Tokyo,2National Research Institute for Earth Science and Disaster Prevention

The 2011 M9.0 Tohoku-Oki Earthquake triggered widespread seismicity throughout the Japanese island arc including Hokkaid
and Kyushu regions. In particular, a significant increase in the shallow seismicity was observed in the minutes following the main-
shock along the Pacific coast of NE Japan, notably the northern part of Ibaraki Prefecture and the southern part of Fukushim
Prefecture. The most striking feature of the induced seismicity is that the focal mechanisms reveal normal faulting with a T-axis
orientated in a roughly E-W direction. Several large magnitude events including the maximum 7.0 earthquake have occurre
during the sequence. It is very important to understand why such intensive earthquake swarm activity associated with large ma
nitude events was triggered therein.

We have, therefore, conducted a series of temporary seismic observations through a dense deployment of about 60 portal
stations after outbreak of the intensive seismic swarm. We manually picked P- and S-wave arrival times of earthquakes usin
waveforms retrieved from the dense seismic network. We determined high-resolution three dimensional velocity structures ap
plying the double-difference tomography method [Zhang and Thurber, 2003] to the datasets.

At the northern part of the Ibaraki prefecture, depth-sections of hypocenters show an earthquake alignment dipping westwarc
at 40 to 50-degree at depths shallower than 10 km. On the other hand, hypocenters at the south-east part of the Fukushima p
fecture show diffused pattern, consisting of many small seismic clusters. Most of hypocenters appear to be located along velocit
boundaries between high- and low- velocity bodies. Note that a low velocity body is clearly imaged beneath the hypocenter o
the largest M7.0 event (2011/04/11) in this seismic sequence.
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guake at Iwaki City
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Investigation of fault activity was induced by Tohoku district Pacific offing earthquake
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Shear zones and fault rocks developed along the coseismic normal fault zones of the 20:

M 7.0 Fukushima earthquake
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The 2011 Mw 9.0 Tohoku (Japan) earthquake generated a violent tsunami and unexpected high tsunami wave that caused gr
substantial damage and more than 23,500 fatalities along the east-northeast coast of Honshu Island of Japan. Seismic invers
results reveal a maximum thrust slip of up to "50 m on a 500-km-long fault plane (e.g., Yagi and Nishimura, 2011; Ide et al.,
2011). Following this huge earthquake, several large earthquakes-6f W occurred in the east-northeastern Honshu Island,
which are considered to have been triggered by the drastic change of crustal stress caused by the Mw 9.0 earthquake in the ez
northeastern Japan. The 2011 M 7.0 (Mw 6.6) Fukushima earthquake occurred on April 11 in lwaki City, "250 km southwest of
the epicenter of 2011 Tohoku earthquake, is considered to be one of such post-seismic events. Field investigations and InSA
data reveal that the Fukushima earthquake produced two sub-parallel “15-km-long surface rupture zones with a normal slip sen
along the pre-mapped faults: the ltozawa and Yunodake faults striking NNW-SSE and NW-SE, respectively (Tsutsumi et al.,
2011).

In this study, to better understand the nature of seismogenic faults, we focused on the internal deformation structures c
coseismic shear zones and on fault rocks within the Itozawa and Yunodake faults that triggered the 2011 M 7.0 Fukushim:
earthquake, and discuss the seismotectonic implications. Field investigations and structural analyses of the coseismic Itozav
and Yunodake fault zones and fault rocks show that i) the main coseismic shear zones consist of a fault core that includes
narrow fault gouge zone &f10 cm in width (generally 1-2 cm) and a fault breccia zone:&0 cm in width, and a damage zone
of "5-50 m in width that is composed of cataclastic rocks including fractures and subsidiary faults; ii) the foliations developed
in the fault core zone indicate a dominantly normal fault slip sense, consistent with that indicated by the coseismic surface
rupture; and iii) veinlet cataclastic rocks composed of unconsolidated fault gouges and fine-grained materials are develope
within the fault shear zones as simple veins and complex networks. These structural characteristics of the coseismic fault she
zones and cataclastic rocks indicate that the locations of coseismic slip zones associated with the 2011 Fukushima earthqua
were controlled by pre-existing shear zones of the Itozawa and Yunodake faults that have repeatedly moved as normal faults
seismogenic source since the formation of cataclastic rocks.

ooooo:201ivMwo.0000D0OOO, 2011 M7000000,000000,00000,00000,00000DDOO

Keywords: 2011 Mw 9.0 Tohoku (Japan) earthquake, 2011 M7.0 Fukushima earthquake, coseismic surface rupture, Itozaw
fault, Yunodake fault, fault shear zone and fault rocks
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Wideband magnetotelluric survey over Iwaki region
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Magnetotelluric measurements were carried out around Ilwaki area where high seisimicity with normal fault mechanism has
been observed after the 2011 Magnitude 9.0 Tohoku-Oki Earthquake. We mamde 24 magnetotelluric measurements over tl
area in order to reveal the three-dimensional distribution of fluids which may be responsible for the high seisimicity. In this
presentation, we will show the preliminary results of the survey.
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Keywords: Iwaki, seismicity, resistivity, fluid, fault
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Seismic Activity around the Border of Fukushima and Yamagata Prefectures
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Application of GPR to a near-surface structure study for damaged zones of the 201:

Naganoken-Hokubu earthquake
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