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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
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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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0000 o000 YLoooo L,oooot
Nobuyuki Morikawa*, Shigeki Senng Masahiro Oofi, Hiroyuki Fujiwara

lppooo
INIED

1.00000

oboooooobOoboooooooobOobobooobooooooobooboboboooboooobooboOobon
oooooooooooobOOoboOo0o0oOoooooooooooOobOoOOoOoooooDOob0 1000o0ooooDoOoboo
boooooooboboboooooooobooboboboooboobobobooobooboOobOobOoboooooboon
goooooooobobobooooooobobobooobooooobDobobOoobOooooobDobDobooooo
gooooboboooboboooooboboooooboooobobobooonoo

2000000000
bboobooooboboooooooboobobooooboooobobobooooooobOobOoboooooboo
ocooooooooooooooooobooooboooooooooooooObOOoooboOooDbObO 1000 O0DOOOon
oo0o0oo0O0O0O00OO0OO0OO00000000000000HNVODODODODOOOOODODODODODODODODOOODOOOOO
ooo0oDooOooooogoobooz200400000ooooooooo0oooo0ooDooooDbOoDOoOoDo
ooooooo
oboboooboobooboooooboooooboobooooobooboOoooobOooooooobooobooon
ooo0o0O0 10000000 000000000000000000O0DOOOO2s0mOO0O0O0O0O0O0OOOOOOOO
obobooboboobobooboboobobobooboobOoboobOobDOooONODODODOODODOUODODbOODOUODbODOO
gboocooboobooobooboobooooobooooobobooboobooboooboono
obooooooooboobobobooooooooooobOoboboboobooooboboboobooobooonoo
oood

3.00000000

goo0opoooOoOoooooOoooboooOooooboo oAb 00O OOUOUbODDODUOUODOODOOODOOOO
gooooOoOo0O0OOU0000O0000000O0ODODODODOOOOOOOOOOOODOODOODOOOAHNVOOOOOO
oobooboooboooboobooobooobooooboooboooOoobOooboOoooobooobooooobooooon

gooob:bbooogo,bog,obbbooog,bbodgd
Keywords: Integrated structure model, strong-motion, borehole data, microtremor measurements



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SCG062-13 O0:00000 Oo0O:50 270 15:15-15:30

17510 000 0000000000000000
Re-examination of the damage distribution and the source area of the 1751 Takada Eart

guake

0oo0o0oo0YLoooo%4oooo3%»00008
Toshifumi Yatd, Atsushi Urabé, Akihito Nishiyama&*, Kenji Sataké

lopooooo00,?00000000000000,3000000000
IFaculty of Humanities, Niigata Univ?’NHDR. Niigata Univ.,>ERI. Univ. of Tokyo

Oo0o0ooOooO0ooooo0ooooboDaysi0 50 2100000000 103000000DOOO00O0OODOOOO
obooooooboboooooooboobobooooooboooOooboboooboooobooboboobooooon
oooobooooboobozooxJO0DOOO0O0OOOOOODOOOODOOOODOOOODOOOODDOOODOOOMOO 7.007.400
goooooo

gooooooobobooboooooobobooooboooDoboboboooboooDobDobobooboobog
goooooobooboboooobooobooooboboobooooobooboboboooboobDobobobboboboooOoo
oboobo0oooooboboooooooooboobobobooboooooooboooOoobOoboobooooooooOon
oboooooocoooooooboobobobooboooooOooboobobobobooboooboooobooooooonoa
OO0000000 17510000000000000000000O0O0000DDO188J0 DO 0O000DO0O0O00O00O0O0
ooooO0o0O0000O0 s1j1000000 70O 710800000 600 10700000 5000 0000050000
oooooboooooogo

ooooboooobooooobooboooooboooobobooobooboooobooooobobboobOoboooon
gboobOobooooboobooooobooooobooboboboooboOobooon

adb0ooboooooboboooboobooboooboobooooobooobooooobooooboobooonoag
Oo0o00o0O0oooooo 20000 5000000000000000000000000000O0DO 130580000
s500000b0obobooooboooboobobOoooDobooboobDobDoooobobboobDobDOoob

ObOO00000000000000ODO0000000000000O0O00U000OOOOOOUOS0O000S0000
OoO0OooooOooOoOo 450000 s500000oooooooooboooooooobo 8s3poooyooooon
gbooboboooboobooooboooooobooooboooooboOooooon

OcOOOOOO0OO0OOO0O0ODOOOOO0OO0ODOODOOOOODOOOOOO0ODDOODOOOOO0OODOODDOOD 43
gooosbobooobooooobobooooooooboobOoboobooboooDobobooboobooDoDbOobO
gooobobooooboobooooooboooooboooobobobooboDobooboobobboobDOobooo

OdooOoOoO0O0O0O0O0O0000O0o0oooooooooOoOoOO0O0OOoO000D0DODODOoOoOooODODODOOOOn
oooooooobOOOS00000ODOSOO0DOOSO0DOO0000DOO0O0ODDOOOODOOODODOOOOO

Ued0000000O0O0O0O0OO0OOOOOOOOOOOOOO0OOOOOOODOOODOOODOOODOOOOOODOOn
OooOOo0O0O0O0O 1000000000910 00000S8000000O0O0OO0O0O00000000000000O
goooobooboooobooboobooobooooobooboooobobobooooboooooboboboooo

Of000000000000000O0000DO00000O0 260000 500000000000 4000005000
ocoooooooooooooooboooooobooboooooooOobo0ooooDoOoOoboUooDboboOogoobD oos00O
Oo00o00o0ooO0o0o0oobo0o0Db 2e04000000000000000DO00O0O0O0O0O0DOOOODOOODOOOODO
0000000000 00O000000000000000000 2000005000000005300005000
goooooooboobobooboooooboooooooobooboboobboooooOoDobDobobDobobooboOoo
gboooooooboboboooooobobobooooooobooboboboobooboobDobOoboboobooooon
oboocooOoboboooboooboooon

OgtoboobooboboobooboobooboooboobooboooobooooboooboooobOoooboOoOoo
Ooooo7i00006000000000O0

goooooooooooobobobooobooooooooboboboooboooooobDOoDOobDoboboooo
gooobooooboboooobooboobooobobooobooo

b0 oooOobooboobobooobOobobooobOoooooOooboooobooboboooboOoboooOoboon
googd



gooobo:0boo,0bbb,0000b,00gd
Keywords: Takada Earthquake, historical records of earthquake, collapse ratio of houses, ground condition



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SCG062-14 O0:00000 O00O:50 270 15:30-15:45

Jogoobbbbogoooobbbuoooobbbuooobobbbouooogd

000
The midterm report of the systematic historical earthquake study along the west coast c

the Sea of Japan.

oooo',oooooLooootooootoooot
Ritsuko S. Matsu’urét, Mitsuko Furumurd, Mayumi Sekiné, Koji Iwasal, Yasunori SuzuKi

lDpooDoOoOoOoOooao
LADEP

ooboooboooobooobooooboooobooooboooooboobooboooooooooboboobobobOoboboobooboooo
ooboobOooboooboooooooooobooooooooobOo0oooobooboooboooobooooboboooon
o-0Oo0000OO000OO0O0O0O000bOO00OOo00obOoO0O0oObOO0O0oDOOoOoOoOOOoOOOoOoOooOoO soObOOoOon
boooooobobobooooooboobooboboboooooooobooboobOoboooobooooboOon
goooooooobobobooooooobobobooooooooobDoboboooboobooDobobooooo
oooboobooobooobobooobooooobooboooobooboobobooobbooboooobboooooboooboboOooon
OO000O000DOOo00DOOO00DO00DbO0O00OD 181000 19300000 00DODOO0ODOOO0OMG.816.90
boocooooobobobooooooobobobooooooobOobOoboooOooobOobOoboobooooon
M6.800IUOO0OODOOOOODOOOODODO Vp=6km/sDOOODOOOOOOOOODOOOOOOOOOOODOO
ooooboooobobboooooooon

goooooooboobooobooooboboooboooooooooobooobooboobooDobDobooMbOODODO
oboobOobo0oobooboboooboobooooobooooboboooobooooobo0obonoo

obooobOobooobOobobooobooboooooboonoo

gooob:bboogo,boog,0bobo
Keywords: the concentrated deformation zone, historical earthquake, Oga earthqauke



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m )
SCG062-15 o0:00000 O00:50 270 15:45-16:00

oo0o0oooOoooDooQ _ _
Tectonic structure and siesmogenic faults in Kyushu
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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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Seismic observation and survey for elucidating tectonics of the Hikurangi subduction
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