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Crustal deformation of the strain concentration zone along the eastern Japan Sea marg

based on dense GPS observation
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P and S wave tomography in the eastern margin of the Japan Sea
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We determined high-resolution images of P and S wave velocity and Poisson’s ratio under the Japan Sea off NE Honshu usir
a large number of arrival-time data from local earthquakes in the crust and the subducting Pacific slab. The data were recorde
by the dense seismic networks of JMA, Hi-net and Japanese national universities. Our new data collected from 360 crustal eart
guakes under the Japan Sea which are relocated precisely with sP depth-phase data are crucial to make this work possible. (
results show that strong lateral heterogeneities exist in the crust and upper mantle under the eastern margin of the Japan S
which may have affected the seismotectonics in the region. The crustal velocity variations under the Japan Sea may reflect tt
complicated geologic structures which were produced during the opening of the Japan Sea and the present compressional stage
the Honshu arc associated with the collision of the Amur plate with the Okhotsk plate. Low-velocity zones in the mantle wedge
are found to extend westward under the Japan Sea, rather than just confined under Honshu Island as suggested by the previ
studies. This feature indicates that the back-arc magmatism and tectonics are part of the complex geodynamic system under t
broad region including the western Pacific island arcs and the East Asian continental margin. The present study also indicate
that high-resolution seismic imaging is feasible for the oceanic regions surrounding a seismic network if we can fully exploit the
high-quality waveform data recorded by the seismic network, thus the structure and tectonics under the less-instrumental ocear
regions can be investigated well.
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Inhomogeneous structure and seismicity in and around the high strain rate zones in th

central part of NE Japan

oooo,.ooothooootooootoooot,ooootooootbhoooothoooothooaodt,
0000 hooooLooooot200800000000000000000000°2%0003

Tomomi Okada*, Toru Matsuzaws, Norihito Uminao', Akira Hasegawh, Junichi Nakajimé, Naoki Uchida, Shuichiro Hort,
Toshio Kond, Takashi Nakayama Satoshi Hirahara Ryota Takadi, Keisuke Yoshida, Kenta Shikashly Group for the after-
shock observations of the Iwate-Miyagi Nairiku Earthquak@itaka Mamada

l00o0O0o0O0000,?20000000000000000000,30000000000000000
'RCPEV, Grad. Sch. of Sci. Tohoku Uni#GIMNE2008,%Japan Nuclear Energy Safety Organization

In the central part of Japan, the inhomogeneous distribution of strain rate distribution was reported (e.g. Miura et al., 2004)
High strain rate is observed along the backbone range, the forearc region of Miyagi prefecture, and near coast line of the Jap:
Sea. To understand the origin of these high strain rate zones, we estimate seismic velocity structure of the crust in the central pz
of Tohoku, NE Japan, and discuss on its relation with seismic activity.

We determined three- dimensional seismic velocity structure and relocated hypocenters simultaneously using the tomograpt
method (Zhao et al., 1991; Zhang and Thurber, 2003). Travel time data used are obtained from the dense seismic network by tl
temporary seismic stations installed for "Multidisciplinary research project for high strain rate zone” promoted by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT), Japan. and the Group for the aftershock observations of thi
Iwate-Miyagi Nairiku Earthquake in 2008 (GIMNE) and the Japan Nuclear Energy Safety Organization (JNES). We also used
P- and S-wave data from networks of Tohoku University, JMA, Hi-net and other temporary stations during the period from 1997
to 2010.

In the upper crust, distinct low-velocity regions are distributed in the Osaki-plain, Kitakami low-land, Shinjo basin and Shonai
plain. In some areas (e.qg., in the source region of the 2003 northern Miyagi earthquake), these low-velocity zone are seems to |
distributed in the hanging wall of the fault. We also found some low-velocity regions near the active volcanoes (e.g., Kurikoma,
Chokai). High seismicity area in the upper crust corresponds with higher velocity areas.

In the lower crust, we found some distinct low velocity areas. These low velocity zones are located just beneath the volcanoe
and these high strain rate zones. High seismicity includes the moderate-sized and large earthquakes (e.g., the 2003 northe
Miyagi earthquake (M6.4), the 2008 M7.2 Iwate Miyagi Nairiku earthquake, the 1894 M7.0 Shonai earthquake) in the upper
crust is just above these low velocity zones. These low-velocity zones in the lower crust are imaged to continuously distributec
from the uppermost mantle.

We used data from temporary seismic stations installed for "Multidisciplinary research project for high strain rate zone” pro-
moted by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan. We also used data from the Japa
Nuclear Energy Safety Organization (JNES), JMA, Hi-net.
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Preliminary report on multi channel seismic reflection survey around the strain concen-

tration area off Niigata
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Estimation of a feasible initial velocity model and earthquake locations for seismic to-

mography in the Niigata region
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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 have ir
stalled a dense temporary network of about 300 seismic stations. In a previous study (Enescu et al., 2010) we have obtainec
detailed tomographic image of the crustal structure in the region, using the earthquake data recorded during intense observatiol
as well as previous data recorded by the permanent Hi-net network. The study revealed the undulated surface of the baseme
rock, hidden under a thick low-velocity layer consisting of thick sediments and volcanic rocks of the Niigata basin. The earth-
guake locations, inverted together with the velocity structure, became systematically shallower (by more than about 3km), ir
agreement with results reported in other studies (e.g., Kato et al., 2009). However some earthquakes, especially those that c
curred in the off-shore areas, persistently remained located deeper.

In this study we focus on the reliable determination of earthquake locations since they may play a critical role for an accurate
imaging of the velocity structure in this complex tectonic region. We use the Joint Hypocenter Determination (JHD) algorithm
(Kissling et al., 1994; Shibutani et al., 2005) to invert for the precise earthquake locations, improved 1D velocity model and
station corrections. We select only data obtained during intense earthquake observations, from December 2008 to Septemk
2009. We use as a starting 1D model the velocity structure obtained for the region by Shibutani et al. (2005), using the same JH
technique.

The most prominent features of the JHD relocated earthquakes are: a) a shift of the depth location by about 3km in the on-shoi
Niigata basin region, which includes the aftershock area of the 2004 Mid-Niigata earthquake; b) a shift of up to 10km upwards
for the hypocenters that occur in the off-shore regions, in particular those located in the aftershock area of the 2007 Chuetsu-ol
earthquake and c) a horizontal shift of up to 3 to 5km in the N65degW average direction for the epicenters in the on-shore Niigat:
basin region. These results are in agreement with those obtained in several previous studies (e.g., Shibutani et al., 2005; Yukuta
et al., 2008; Kato et al., 2009). Although the earthquakes used in this study occurred after December 2008, the fault-like struc
tures in the areas of the 2004 and 2007 Niigata earthquakes can still be recognized from the earthquake hypocenter distributio

The station corrections pattern shows consistency with the shallow subsurface velocity structure: relatively large positive
travel-time residuals in the Niigata basin and negative residuals in the Echigo Mountains to the east.

The obtained 1D velocity model has lower velocities in the upper 7km, compared with the 1D model of Shibutani et al. (2005)
and is similar in the deeper part. To further check the reliability of our results, we have considered a different starting 1D velocity
model that has significantly lower velocities in the upper layers and performed the JHD inversion. The relocated earthquake
had a similar hypocentral distribution to those obtained by using Shibutani et al. (2005) crustal structure as starting 1D velocity
model. Thus, we consider the relocated earthquakes to be robust enough for obtaining a reliable 1D velocity structure.

The relocated earthquakes and the improved 1D velocity model obtained in this study will be used to update our previous
tomography results and discuss in more detail the relation between the earthquake activity and velocity structure in the Niigat
region.

Keywords: Niigata region, earthquake relocations, velocity structure
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Integrated seismic imaging of crustal structure for multi-scale, multi-mode deep reflection

data
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Crustal structure of the fold-and-thrust belt, Chuetsu, central Japan: result of 2010 Higash

Mishima seismic survey
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Seismic reflection profiling across the Yukyuzan fault in the eastern margin of Niigata

basin, central Japan
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Integrated velocity model of shallow and deep subsurface structure in Niigata region fol
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oo o
Satoshi Yamakitkt

lgoooooooon
IFac. Educ. & Cult., Univ. Miyazaki

gboooboobooboobooboobboobooboobboooboboboobooboobbooboboooba
ubboobobooboobboobooboobboobodoboboobooboobbooboobobooboban
gbooooOoboooobooboooogooboo

ooooOoOo0OO0O?2mO00000o

gooooooooboboboboooobooboooboboboooooooooobDobobUobDbobobooooo
oboooooboobobooooooobooboboooooboobob0obobooboboooobobOoboboobooooon
ocoooooomobooooooboogooooooooooooooooobOogooDoooooDoooooooo
gbooobobooboobooboooooboooobooboobooboOoboooooo

oo?0o00000Doood

coo2w0oo0000oo00ooo0ooooo?2w00oooDooooo0ooo0oooooooooooOoooon
obooooooobOobobooooooooobobooooooobOobOobobobooooboobOobooobooooon
obooooobobobooooooobooboboooooooobOoboboobobooooboobOoboobooooon
boocoooooboboboooooooboboboooooooooboboboooooobOobobooooon
booooooobooboboboboooooooboobobobooooooooobooboOobOoboOoboooooboon
goooooo22o00oooo0oooooogooooo0oooooooooooD0ooooDooOOoooDoo
gboooooboobOoboboboooooooobooobobobobooooooobooboboboboobobooobooooon
oboobo0oooooobooboboboooooooooboobOobobobooooobOobOobobobooooooon
oooooooooooooboooo2woooobo0ooooooo0oooooo0oooDOooOooooDoOoOOooooon
vbobooboobobobooooooooobooboobobooooooboobobOoboboboooobooobooboooDa
gooooooooooboobobooobooooooooobooboboboooooDoboboboboboLobooboobDOoo
obooooOob0ooooboboooooboboooooDbon

gooono

booooooooooboboboboboobooooooboooobooboobOobobOoboboooobooon
ooo0oooooUopooo0oooogoUooooOdoo Yoo oUooDoooUooOoOUooooDUUoD
0000000020 000000000000000000000DO00000M kMO0OOO0DO00OO00O0O0O0O0O0
oboobooooooobooboboboooooooboobobooooobooooboobOoboboboobooooon
obooooooboobobooooooobooboboooooooobooboboooooooboOoboboooooooboOon
bobooooobooboboboooooooboobobobooooboooobobobooboooobOobOobooooon
oo0o0O0000ooooO0O0000ooooooWo0?2 0000000000000 0000ODOO0000000O0
cooooooooooooooooo2wWoo2Mo00ooooooo0ooooooooooOooooooobooog
obooboooooboobobbooooooooooboboboobooooooooobooboboboooboooooboon
ocooooooogoooooooooooXMoo0oooooo0ooooooooOoooooooOobooobooOobOoooo
ooooobo40°0000000DO0O000DOODOO0O0DOOOOO0ODODOOODOODOOODOODOOODOODOOOODOO
bobooooobooboboooboobooooboboboooooobooboobobobooboOoboobOobobooooon
oooobooboooobooooo

ooooooooo
997000000000 DOOOOO0O0O0OoOOOODOODODOODOO000ODOO0XMU0ODooODOObOOoOOooOD
boocooobobobooboobooboobobobooobooobooboboboooooOoboobOobobooooon



booooobocoooooboobbobooooooooooooboooobobobOoboboooooobooobooboDa
uboooboobooooooo

gboooooooboboooooooboboboooooobobobooooooooboboboboboonoo
oboooooobOobooooooooboboooooobooboboooooooobOobooboooooOon
boocoooboobobobooooooobobooooboooobOobOobooooooboobOoboooooooon
uboooboobooooboooooon

oooo0:00,0000,0000
Keywords: Kyushu, seismogenic fault, tectonic structure



Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
JGet_)science
e
SCG062-16 o0:00000 00:50 270 16:00-16:15

Doodooooonooom . o
Stress field in seismogenic zone of Kyushu, Japan inferred from seismic activity and foca

mechanisms
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In the upper crust of Kyushu district, Japan, an area with high seismic activity is found in the middle part. This area is called
Beppu-Shimabara graben (B-S area) because of existence many normal faults in this region. Many active volcanoes exist (i.
Unzen, Aso, Kuju, Beppu), and historical large earthquakes occurred in this region. However, it is not always confirmed whethe
this region behave as a graben formation or not from other evidence. The major mechanism of earthquakes in the Kyushu distri
is strike slip type. Generally, extensional (minimum principal) stress is in north-south direction in Kyushu. On the other hand,
microearthquakes normal faulting also occurs in B-S area. Basic question is why seismic activity is high and stress field change
in B-S area.

Recently, Nakao et al. (2005) estimated spatial distribution of strain rate field in Kyushu area from GPS data. The area ir
which higher strain rate dominates not in extension but share is found in Beppu-Shimabara graben. This can explain high seism
activity in this region. They also revealed notable contraction in east-west appear around Aso volcano. High strain rate can b
seen around Aso volcano.

On the other hand, information about stress field is also important to understand deformation of the crust. Elastic and anelast
feature of crust could be inferred from both of stress and strain field. We performed stress tensor inversion by using polarity dat
of first motion at direct P wave arrival. The data were obtained at stations operated by NIED, JMA and Kyushu University. In
addition, we deployed more than 40 temporal seismic stations around the graben in order to determine the stress field. Directiol
of principal stresses are obtained at spatially distributed grid points every 20 km interval. At each grid point, we collected polarity
data of events occurred nearer than 10 km apart from grid point and carried out the stress tensor inversion. The minimum axes
the principal stress are generally oriented in NNW-SSE direction. The maximum axes are almost in WSW-ENE direction. The
stress rates are greater than 0.75 at most of the point, implying the maximum stress is close to the moderate principal value. Tl
maximum stresses in Beppu-Shimabara graben incline toward vertical direction while those have direction in east-west at mo:
of points. It implies normal faulting would dominantly occur in Beppu-Shimabara graben. In addition, the minimum axes in the
graben rotate counterclockwise. This stress field change requires a mechanism either relaxing the stress in east west directi
or vertically loading in this region. Strain rate field by GPS observation also show the similar pattern and support the existence
of the relaxing mechanism. This could be interpreted by existence a 'weak body’ in the crust. The area would be contractec
by regional stress field. This could explain the strain rate distribution. And stress in east-west could be relaxed so that secon
principal stress in vertical direction would be maximum one. On the other hand, this stress relaxation implies another importan
suggestion about strength of medium in B-S area. Only a medium with weak shear strength leads seismic activity into high unde
the condition of the low horizontal stress. Therefore, the crustal material in the B-S area would be easily fractured due to weal
strength.

oo000:0000,000,00000
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Miocene extensional and contractional tectonics in the northern part of Kyushu
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Quaternary tectonics of Miyazaki Plain and Kyushu Mountain, southern Japan
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Formative process of the Beppu-Simabara Graben and its active tectonics
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Resistivity structure around the Ishikari-teichi-toen fault zone, Hokkaido, Japan (2)
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In order to understand source processes of inland earthquake, it is an important element to reveal a crustal structure and beh:
ior of fluids around the fault zone. Resistivity sounding using magnetotelluric (MT) method can detect resistivity structure down
to a few dozen km, depending on a frequency band that is used for analysis, and resistivity is a sensitive quantity to the presen
of fluids. MT survey is one of the best approaches to resolve this problem. Ishikari-teichi-toen fault zone is located in the easter:
edge of Ishikari Lowland of Hokkaido, Japan. The main part of this active fault zone has a potential to cause an earthquake of N
7.9 (The Headquarters for Earthquake Research Promotion, 2003). MT survey around this fault zone was concluded in order |
reveal the fluid distribution beneath the fault zone and to investigate the correlation between the faults and the crustal structur
Four parallel survey lines crossing the fault zone were extended to the ENE-WSW direction with approximately 80 km long. We
obtained the wideband-MT data from new 30 stations along these lines.

The 2-D resistivity inversion code developed by Ogawa and Uchida (1996) estimated resistivity sections that were perpendic
ular to the fault zone. These sections were consistent to the seismic reflection profile and represented the complicated structul
that due to development of thrust faults. The supposed resistivity sections approximately corresponded to geological units. Th
surface of the study area indicated relatively high resistivity, corresponding to the Quaternary sediments. A resistivity beneatl
the fault zone was detected lower than that of surroundings, associated with the thrust zone of the Tertiary system. The Neogel
sediments that occupied the lowland had extremely low resistizity)(ohm-m), and extended to NS direction, keeping its thick-
ness of more than 4 km. Seismic hypocenters were distributed within and the edge of resistive bodies at deeper than 5 km. Th
positional relation suggested a stress concentration to the structural boundaries.
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Resistivity structure in southern Tohoku region inferred from Wide-band MT surveys
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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 mech-
anism of the tectonic zone. We started wideband magnetotelluric (MT) measurements in the northeastern margin of Japan si
tectonic zone since 2008. We estimated an eastward dipping low resistivity zone probably along the eastern Shonai plane acti
fault from 2D analysis. However, the whole feature of the low resistivity zone was not clear in the measurements.

To elucidate the spatial extent of the low resistivity zone, additional three lines of MT measurements over 50 km long were
performed in the northwestern part of Tohoku region in 2009. The measurements have been continued about 20 days at ea
site by using 15 measurement devices. The source of electromagnetic induction was very weak during the period because of t
very weak solar activity. However, we are able to obtain enough quality impedance responses because of using the advanc
robust code of BIRRP (Chave and Thomson, 2004) for the impedance response and done the long period measurements. In t
presentation, we will discuss the whole feature of the low resistivity zone and also the mechanism in the tectonic zone frorr
estimated 2D resistivity structures of all measurement lines.
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Detailed seismic attenuation structure in the focal area of the 2008 Iwate-Miyagi Nairiku

earthquake (M7.2), NE Japan
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High resolution seismic reflection profiling across the western Aizu basin fault zone,

northeast Japan
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Seismicity and crustal structure in the tectonic zone off the Joetsu region as revealed b
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At the eastern margin of the Japan Sea, large earthquakes have been occurred along a tectonic zone (e.g., 1964 Niigata ea
guake, the 1983 Japan Sea earthquake, the 2004 Chuetsu earthquake and the 2007 Chuetsu-oki earthquake). Kato et al. (2(
suggested that reactivation of pre-existing faults within ancient rift systems by stress loading through a ductile creeping of the
weak lower crust triggered the 2004 Chuetsu earthquake and the 2007 Chuetsu-oki earthquake. Because a source region of
2007 Chuetsu-oki earthquake is distributed under the Japan Sea, aftershock observation using Ocean Bottom Seismometers w
carried out (Shinohara et al., 2008). It is necessary to estimate precise aftershock distribution in order to understand the mec
anism of earthquake generation. In addition, a seismic refraction survey was carried out to reveal crustal structure in the regio
(Nakahigashi et al., submitted). They indicated that most of aftershocks were occurred in the upper crust. Because the tecton
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 region is indispensable to understand tl
stress field in the tectonic zone and the tectonics in the eastern margin of the Japan Sea. In order to investigate a seismic activ
in the tectonic zone, 10 Long-Term Ocean Bottom Seismometers (LT-OBS) were deployed from December, 2008, to Octobel
2009, in the off Joetsu region. First we estimated hypocenters of events using a location program for finding a maximum like-
lihood solution using a Bayesian approach (Hirata and Matsa, 1987). The velocity structure for the location was modeled
from a previous refraction survey conducted in the same region. Foci of over one thousand and two hundreds earthquakes we
estimated with high spatial resolution during the observation period. In general, seismic waves recorded by OBSs arrive later tha
those estimated from the average structure model due to unconsolidated sediments just below sea floor. Therefore we adjust
estimated P- and S-wave arrivals for each station. The hypocentral distribution revealed that most of events are occurred withi
the upper crust. It is consistent with a result of Shinohara et al. (2008). Our precise locations of the events are useful for cruste
structure studies. For example, reliability of results from tomographic study is thought to increase by using our precise location:
of the events as initial locations of the inversion. We can compare the seismic activity with heterogeneity in crust of the tectonic
zone off the coast of Joetsu region.
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Examination of integrated velocity model of shallow
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An exploration of temporal change of crustal structure at Kusatsu-Shirane volcano by

cross-correlation of seismic noise
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Mt. Kusatsu-Shirane is an active volcano in the central part of Japan. The volcano has repeated phreatic explosions at seve
decade interval. The last eruption occurred in 1983. Current activity consists of several fumaroles and small but persistent sei
micity around the main crater lakes. We have monitored the seismic activity of the volcano including 3 borehole stations since
2001. Continuous seismic record is available for most of the period.

Recent advance data analysis has enabled us to obtain Green’s function between two stations by cros-correlating their da
The Green'’s function should reflect crustal structure between the stations. In a hope of detecting temporal change of the crust
structure due to the future eruption, we cross-correlate the continuous record at the borehole stations to obtain Green’s functic
at one station due to the source at the other. One-day-long data since 2008 are used for the analysis. Low pass filter and binari:
tion are applied before the cross-correlation. As a whole, obtained functions have common peaks for each station combinatiol
Dominance of long period or short period wave is observed alternately at a few day interval. We have not observed correlatiol
of such alternating feature with other data such as ground tilt.
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Three-dimensional velocity structure around Sakurajima and Aira caldera
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