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Crustal structure imaging around the rupture zone of the 1983 Nihonkai-Chubu earth
guake by seismic reflection survey
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Petrological crustal structure model of the northeast Honshu arc, Japan
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Basement structures and lower crustal rocks of the NE Japan arc
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Seismic structures below the Japan
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SHINOHARA, Masanat*, NAKAHIGASHI, Kazuo', SHIOBARA, Hajimée

looooooooo
LEarthquake Research Institute, University of Tokyo

The Japan Sea is one of back-arc basins in the northwestern Pacific, and is believed to be formed in association with subdu
tion of an oceanic plate below the Japan island arc. Because seismic structure below the Japan Sea is important for reveali
the formation of the Japan Sea and the present tectonics of the Japan island arc system, numerous seismic survey using oc
bottom seismometers and controlled seismic sources have been carried out since 1980’s. As a result, the Japan Sea becomes
of the most well studied back-arc basins in the world. The northeastern area of the Japan Sea (the Japan Basin) has an ocee
crust. The crustal structures which are neither a typical oceanic nor continental crust were found in the Yamato Basin and th
Tsushima Basin in the central part of the Japan Sea. The crustal thicknesses of both the basins are approximately twice that
the oceanic crust. The Kita-Oki Bank which is a topographic high in the southern Japan Sea comprises. In eastern margins
the Japan Sea, it is found that the crusts become thicker toward the Japan island and a variation of thickness of the upper crt
is larger than that of the lower crust. It is also essential to obtain the deep seismic structure beneath the Japan Sea. From 20
to 2004, long-term seismic observations were performed in the Sea using OBSs including broadband type to estimate the de
structure. The broadband OBS data enable an analysis of surface waves, and the estimated S-wave model does not have a Iz
low-velocity zone in the upper mantle. In addition, travel time tomography analysis shows a high velocity anomaly in the mantle
wedge extends down to a depth of approximately 150 km beneath the Yamato Basin. To obtain a variation of thickness of the
lithosphere of the Japan Sea is necessary to elucidate the formation of the Sea and the dynamics of the arc-trench system at
present. Therefore sea floor long-term seismic observations using broadband seismic sensor are needed.
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Long-term permanent strain accumulation in southern Northeast Japan estimated fror
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Strong ground motion, ambient noise, and GPS continuous observation in southern Ni

igata prefecture, JAPAN
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Resistivity structure around the Ishikari-teichi-toen fault zone, Hokkaido, Japan (3)
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In order to understand source processes of inland earthquake, it is important to reveal a crustal structure and distribution c
fluids beneath the fault zone. Resistivity sounding using magnetotelluric (MT) method can detect resistivity structure down to a
few dozen km, depending on a frequency band, and resistivity is a sensitive quantity to the presence of fluids. The Ishikari-teichi
toen active fault zone is located on the eastern edge of Ishikari lowland. This region corresponds to the geological and tectoni
boundary between the central and southwestern Hokkaido, and is realized as a strain concentration zone compressed in the E
direction. In order to image a resistivity structure including the lower crust, the MT survey was carried out in this region.

Prior to a 2-D analysis, we calculated MT responses by 3D resistivity model assuming the ocean and conductive sediment:
in order to estimate the effect due to low resistivity of the ocean. As a result, a significant effect was clarified in TE mode at a
frequency band below 0.03 Hz. Therefore, 2-D analysis treated the TM mode of a whole frequency band and TE mode abov
0.03 Hz. The 2-D resistivity inversion code developed by Ogawa and Uchida (1996) estimated resistivity sections along four
survey lines that were perpendicular to the fault zone.

The four inverted resistivity sections indicated a similar tendency, which consisted of three layers; resistive (0-2 km), conduc-
tive (2-7 km) and resistiveX{7 km). The structure shallower than 7 km was consisted with seismic velocity structure, showing
characteristics of the detachment and fold due to the thrusting activity. The conductive layers are sig#ifi@anttr-m) below
the middle part of the lowland but they do not extend to the east beyond the fault zone. This boundary can correspond to th
extension of the main fault and be interpreted as a detachment of thrusting structure. The deeper part was almost uniform resi
tivity of a few ohm-m, except the conductor at the southwestern part, which was probably related to the activity of the Shikotsu
caldera. On the other hand, the conductor implying fluids in the crust was not found beneath the fault zone. However, the M1
response including such structure (i.e. deep conductor) could be removed during the 2-D analysis, because we reduced the \
data to prevent the sea effect, which was caused by the conductive seawater surrounding the study area. A full 3-D inversic
analysis can resolve this problem effectively.
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Resistivity structure in southern Tohoku region inferred from Wide-band MT surveys (2)

oooo ™ ooooYhooool,ooobhooootoooothoooothoootoooo!
HASE, Hideakl*, SAKANAKA, Shin'ya!, KOYAMA, Takao', UYESHIMA, Makoto', WATANABE, Atsushi', Koji Miyakawa',
Masato Serizawa Shigeru Koyamb YAMAYA, Yusuke'!

looooooooo,?2o0000
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In the tectonic zone, dehydrated fluid from a subducted oceanic plate is estimated to be localized in the crust and the uppe
mantle. It is considered that identifying the localized fluid is the critical key to clarify the mechanism of tectonic zone. Therefore,
measuring of electrical resistivity structure which is highly sensitive to fluid, is thought to be contributing to clarify the mecha-
nism of the tectonic zone. We started wideband magnetotelluric (MT) surveys in the northeastern margin of Japan sea tecton
zone since 2008. In 2010, we performed 27 MT surveys on YNZ line (Murakami, NiigataSoma, Fukushima) from east to
west in the southern part of Tohoku region.The surveys have been continued about 20 days at each site by using 12 measurem
devices(11 of ADUO7[Metronix Geophysics] and a MTU[Phoenix Geophysics]). We obtained impedance responses by using the
robust code of BIRRP (Chase and Thomson, 2004), and estimated 2D resistivity structure by using a 2D inversion code (Ogaw
and Uchida, 1996). 2D models from TE and TM modes show a conductive part (C1) between two resistive parts( R1, R2) in the
middle of the survey line. The C1 is located at the volcanic front, which can image that the C1 is partial melts or hydrothermal
area.
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Spatial distribution of stress field around Niigata prefecture inferred from a marine and

land seismic network
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P-wave velocity structure model in a shallow part around the source area of the 1964 Ni

igata earthquake
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Toshihikd
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At the eastern margin of the Japan Sea, large earthquakes have been occurred (e.g., 1964 Niigata earthquake, the 1983 Ja
Sea earthquake, the 2004 Chuetsu earthquake and the 2007 Chuetsu-oki earthquake) along the Niigata-Kobe Tectonic Zc
(NKTZ). The NKTZ is recognized as a region of large strain rate along the Japan Sea coast and in the northern Chubu and Kink
distinct. Among these events, the 2004 Chuetsu earthquake and the 2007 Chuetsu-oki earthquake is triggered by reactivati
of pre-existing faults within ancient rift systems by stress loading through a ductile creeping of the weak lower crust (Kato et
al., 2008). Because the tectonic zone is thought to be spread in offshore region, it is difficult to understand a precise activity
of the tectonic zone from only land-base observations. To compare the seismic activity with the crustal structure in the regior
is indispensable to understand the stress field in the tectonic zone and the tectonics in the eastern margin of the Japan Sea
order to understand precise seismic activities in the NKTZ, especially in offshore region, we installed Ocean Bottom Cabled
Seismometers (OBCSSs) in the source region of the 1964 Niigata earthquake in 2010 (Shinohara et al., 2010). The OBCS syste
has a length of 25 km and 4 OBCSs were developed with 5 km interval. The OBCSs have three accelerometers as seismic sens
In 2011, a seismic survey using airguna and OBCSs was carried out to obtain a seismic velocity model. To understand a preci
crustal structure is necessary for precise earthquake locations. The precise seismic activities may contribute to understand a ¢
rent state of the source region of the 1964 Niigata earthquake. In this study, we construct a P-wave velocity model below eac
OBCS using the tau-p mapping and the tau-sum inversion method (Stoffa et al., 1981; Shinohara et al., 1994). Then we estima
proper station corrections each OBCS for earthquake location.

Ooooo:000000,19%400000,0000000000,0D000

Keywords: High strain rate zone in Japan, The 1964 Niigata earthquake, Ocean Bottom Cabled Seismometer (OBCS), Crust
structure
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Crustal structure of the fold-and-thrust belt, Chuetsu, central Japan: result of 2012 Muikar

Naoetsu seismic survey
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High-resolution seismic reflection profiling in the eastern margin of Takada plain, central

Japan
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Late Pleistocene uplift rate across the eastern margin fault zone of the Takada-heiya bas

on borehole drillings
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High resolution seismic reflection profiling across the Torigoe fault, central Japan
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Improved, high-resolution underground velocity structure in the Niigata region and its

relation with seismicity
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Niigata area is part of a broader region, located in the central and north-eastern part of Japan, known for its high strain rate
(Sagiya et al., 2000). To have a detailed understanding of the seismotectonic characteristics in the Niigata region, we hav
installed a dense temporary network of 300 seismic stations, which started functioning from 2008. In a previous tomography
analysis (Enescu et al., 2011) we have revealed the undulated surface of the basement rock, hidden under a thick low-veloci
layer of Neogene sediments and volcanic extrusions that form the Niigata basin. The earthquake locations, inverted together wi
the velocity structure, became systematically shallower, in agreement with results reported before (e.g., Kato et al., 2009).

In this study, we have used additional very deep earthquakes to better constrain the basement structure. The data consists
1805 crustal events that have 151,780 P-wave and 169,696 S-wave arrivals, recorded at 434 temporary and permanent seisl
stations. We have also manually picked deep earthquakes, with magnitudes larger than 3.5, which occurred within the subductir
Pacific plate and have depths between 80 and 280 km. We have given ten times additional weight to the deeper events. Ti
tomography inversion is conducted using the tomoDD software (Zhang and Thurber, 2003). The horizontal and vertical grid
spacing were of 5710 km and 2~ 10 km, respectively.

Due to the inclusion of deep earthquake picks, the velocity image of middle to lower crust was improved. The clearest feature
of our velocity model is the undulated surface of the basement rock extending from SW to NE. Compared with the results we hav
reported previously, the undulated structure could be imaged further to the north-east, beneath the Niigata basin. The obtaine
results indicate that the majority of the earthquakes are located in regions where the P-wave velocity ranges from 5.5 to 6.
km/sec. Most of the events occur on the flanks of the low-velocity region; in the basin area (of low-velocity) and the undulated
basement underneath there is almost no seismicity. However, a few earthquakes do occur in the deeper region (at depths bel
15 km). The earthquake activity from 2001 to present (Hi-net catalog) confirms these features. In particular, the aftershocks o
the 2004, M6.8 and 2007, M6.8 Niigata earthquakes, as well as the more recent seismic activity following the M6.7 Nagana
earthquake (April, 2011) are all located either on the flanks of the low-velocity region or slightly further apart. A high velocity
body (i.e., P-wave velocity larger than about 6.5 km/s) is imaged below the central axis of the rift-like structure, similar with
results reported by Kato et al. (2009). However, the high velocity body appears to be present only in the central part of our stud
region, in-between the aftershock distributions of the 2004 and 2007 Niigata aftershock sequences. Only a few earthquakes occ
within the higher velocity region. The existence of the higher velocity body constrains the lower limit of the seismogenic region.
The detailed mapping of the rift-like structure helps understanding where and why large earthquakes nucleate.
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Seismic acitivity at southern part of Kusatsu-Shirane volcano
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We examined seismic activity at southern part of Kusatsu-Shirane volcano with our seismic network supported by temporar
stations. We have observed seismic activity of the volcano since 2001. Currently six stations are concentrated within about
km from the main crater lake, Yugama. Based on past seismic network, Mori et al. (2006) pointed out two seismic clusters, one
at Yugama and the other at Ainomine, an old volcanic cone 1.5 km to the south of Yugama. Mori et al. (2006) also pointed
out that seismic activity at the latter zone is comparable to the former. There used to be a station at Ainomine till few years
ago, and current capability of event detection is relatively low. In response to the crustal deformation event on May 27, 2011,
we constructed a temporal seismic station to the south of Ainomine. The station is equipped with a L-4C three-componen
seismometer by Mark Products Corporation and LS-7000 data logger by Hakusan Corporation. Seismic data are stored on si
and periodically collected. Collected data are then combined with our data of real time seismic network. Now seismic events
are detected based on variation of seismic amplitude.
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