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Dynamics that connects massive earthquake and cross section structure of Aomori, lwat
and Miyagi
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Crustal study of the Northern Scandinavian Mountains from receiver functions analysis

and surface wave ambient noise o _ _ _ _
Crustal study of the Northern Scandinavian Mountains from receiver functions analysis

and surface wave ambient noise

Ben Mansour Wali& ; MAX Moorkamp' ; ANDREAS Kohlef ; STEWART Fishwick
BEN MANSOUR, Walid* ; MAX, Moorkamp' ; ANDREAS, Kohle? ; STEWART, Fishwick

LUniversity of Leicester?University of Oslo
LUniversity of Leicester?University of Oslo

The Scandinavian Mountains are a topographic anomaly on the North-East Atlantic passive margin. With heights above
km adjacent to the low-lying Baltic Shield ( average altitude of 500 m), this mountain range has undergone a rejuvenation by
an uplift event during the Neogene. The absence of a crustal root expected from Airy isostasy calculations , the variation o
gravity anomaly and the possibility of a low velocity zone in the upper crust suggest variations in density within the crust. This
mechanism will explain the (isostatic) equilibrium of the mountain range. With this perspective two passive seismic experiments
were deployed in 2007-2009 (SCANLIPS2) and 2013-2014 (SCANLIPS3D) across the Northern Scandinavian Mountains. Thes
2 experiments allow a better characterization of the crust in terms of Moho depth, Poissons ratio and shear wave velocity. Her
we will show a new Moho map compiled from our new results together with previous studies (LAPNET-POLNET, SNSN and
NORSAR network) in this region. This map shows a crustal thickening from West to East (40 km to 50 km) without any obvious
influence of the transition from the Scandinavian Mountains to the Baltic Shield. From our receiver functions only, inverse
modelling does not confirm the presence of a low velocity zone in the upper crust as suggested in previous work in the are
using P receiver functions and controlled source experiments. We therefore use Rayleigh waves ambient seismic noise to bet
constrain the shear wave velocity at the short periods (3- 30 s). Finally a joint inversion of the P-receiver functions and surface
wave ambient noise used to build a new 2D crustal model across the Northern Scandinavian Mountains. This new crustal mod
confirms the assumption of the variation densities within the crust like the source of this topographic anomaly on this passive
margin.

F—7— IF: Scandinavian Mountains, Neogene uplift, variation density, P-Receiver Functions, Rayleigh waves dispersion curve.

joint inversion
Keywords: Scandinavian Mountains, Neogene uplift, variation density, P-Receiver Functions, Rayleigh waves dispersion curve
joint inversion
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Seismic velocity structure off the Boso Peninsula, Central Japan, revealed by an ocea

bottom seismographic experiment
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Compilation of thermochronologic ages of bedrocks in Japan: For understanding the de
formation over geologic time
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Formation and development of incipient shear zone in the lower crust: Example from the

Hasvik gabbro, Norway
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Keywords: gabbro, lower crust, brittle fracturing, grain-size reduction, grain-size-sensitive creep
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Measurements of elastic wave velocity and electrical conductivity in a brine-saturated
granite under confining pressures

BOIES S U
MAKIMURA, Miho '* ; WATANABE, Tohru!
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!Graduate School of Science and Engineering, University of Toyama

Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and electrical resistivity struc-
tures have been revealed to study the fluid distribution. However, the fluid distribution has been still poorly constrained. Observe
velocity and resistivity should be combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have studied elastic wave velocities an
electrical conductivity in a brine-saturated granitic rock under confining pressures.

Afine grained (100-500 ?m) biotite granite (Aji, Kagawa Pref., Japan) was selected as a rock sample for its small grain size an
textural uniformity. Cylindrical samples (D=26 mm, L=30 mm) were heated to 100-6000C to increase the amount of crack (open
grain boundary), and filled with 0.1 M KCl aqueous solution. A linear relationship was found between the highest temperature
and the crack density parameter, which was estimated from velocities measured at atmospheric pressure. Velocity and electric
conductivity were simultaneously measured by using a 200 MPa hydrostatic pressure vessel. The pore-fluid was electricall
insulated from the metal work by using plastic devices. The confining pressure was progressively increased up to 150 MPe¢
while the pore-fluid pressure was kept at 0.1 MPa. It took 3 days or longer for the electrical conductivity to become stationary
after increasing the confining pressure.

Velocity and conductivity showed reproducibly contrasting changes with increasing confining pressure. Elastic wave velocities
increased by less than 10% as the confining pressure increased from 0.1 MPa to 50 MPa, while electrical conductivity decreas
by an order of magnitude. The changes were caused by the closure of cracks under pressure. The steep decrease in conducti
at low pressures suggests that there are more cracks with smaller aspect ratios. Both velocity and conductivity showed no remat
able changes at higher pressures. An empirical relationship between the normalized conductivity and crack density paramet
was obtained. This relationship might be applied to a combined interpretation of seismic velocities and electrical resistivity.

F—U— R HURROHRE, BXURERE, DL Wik, 75w o
Keywords: seismic velocity, electrical conductivity, resistivity, fluid, crack
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Measurements of elastic wave velocity and conductivity in a brine-saturated sandston

under confining pressures

AR T el !
NAMBU, Minako!* ; WATANABE, Tohru?
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! Department of Earth Sciences, University of Toyama

Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and electrical resistivity struc-
tures have been revealed to study the fluid distribution. However, the fluid distribution has been still poorly constrained. Observe
velocity and resistivity should be combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have studied elastic wave velocities an
electrical conductivity in a brine-saturated sandstone under different confining and pore-fluid pressures.

Berea sandstone (OH, USA) was selected as a rock sample for its high porosity ("20%) and permeability ("10-13 m2). It is
mainly composed of subangular quartz grains, with small amounts of feldspar grains. Microstructural examinations showed the
clay minerals (e.g., kaolinite) and carbonates (e.qg., calcite) fill many gaps between grains. The grain size is 100-200 microm
eters. Cylindrical samples (D=26 mm, L=30 mm) were saturated with 0.1 M KCI aqueous solution. Measurements have beet
made using a 200 MPa hydrostatic pressure vessel, in which confining and pore-fluid pressures can be separately controlled.
aqueous pore-fluid is electrically insulated from the metal work by using a plastic devices. Elastic wave velocity was measurec
with the pulse transmission technique (PZT transducers, f=2 MHz), and electrical conductivity the four-electrode method (f=100
mHz - 100 kHz) to minimize the influence of polarization on electrodes.

Confining and pore-fluid pressures work in opposite ways. Increasing confining pressure closes pores, while increasing pore
fluid pressure opens them. For a given pore-fluid pressure, both compressional and shear velocities increase with increasi
confining pressure, while electrical conductivity decreases. When confining pressure is fixed, velocity decreases with increasin
pore-fluid pressure while conductivity increases. The closure and opening of pores can explain observed changes of velocity ar
conductivity. In contrast to a granitic rock, a brine-filled sandstone showed only relatively small changes in conductivity. These
contrasting behaviors might reflect the difference in pore geometry between two rock samples.

F—U— R MR EodRs, B5URERE, HHRH, A, ik
Keywords: seismic velocity, conductivity, resistivity, sandstone, fluid
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Grain growth in sintered polycrystalline diopside
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Tectonic provinces of the Northern Fossa Magna region deplcted by means of the crust:

movement and seismic activity
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201 1AL HTEE R A X O B8 T N THIERAGGEHE (FHR)

Seismic survey around the Iargest slip area of the 2011 Tohoku-oki earthquake
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AT RS T 5 WD e 3
AZUMA, Ryosuké* ; HINO, Ryot& ; OHTA, Yusaku ; MOCHIZUKI, Kimihiro3 ; YAMADA, Tomoaki? ;
MURAI, Yoshio* ; ITO, Yoshihir® ; YAKIWARA, Hiroshi® ; SATO, Toshinorf ; SHINOHARA, Masanad
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'RCPEVE, Tohoku Univ.2IRIDeS, Tohoku Univ.2ERI. Univ. of Tokyo,*ISV, Hokkaido Univ.,>DPRI, Kyoto Univ.,NTOEYV,
Kagoshima Univ.”Graduate School of Sci., Chiba Univ.

The slip amount during the 2011 Tohoku-oki earthquake exceeded tens meters at the near-trench region off Miyagi, thoug
few meters caused at off Sanriku (e.g., linuma et al., 2012). Such the spatial variation of the coseismic slip seems to reflect th
variation of the physical property on the interplate fault, which can be correlated with a seismic velocity structure. In this study,
to understand the mechanism of enormous coseismic slip of this megathrust event, we investigate the heterogeneity of the seisn
velocity structure around the fault.

Many seismic refraction surveys were carried out at off Miyagi and Sanriku regions. Azuma et al. (2013) found the high-Vp
anomaly in the overriding plate, corresponding the backstop block (Tsuru et al., 2002), at the area of 38?38.5N and 20 km fron
the trench axis (Figure 1). This Vp anomaly overlapped the large slip area during the 2011 earthquake, and they suggested tt
the heterogeneous structure in the overriding plate controlled the extent and amount of the coseismic slip near the trench bas
on the 2-D structure model along a seismic profile. It is expected that similar correlation between the seismic velocity and the
amount of coseismic slip is broadly observed in the trench slope area, if the coseismic slip was actually controlled by the materie
heterogeneity, e.g. the distribution of backstop brock.

To confirm broad consistency of the previously identified structural variation, we conducted a seismic survey on October 201¢
in the gap area where no seismic surveys have been conducted (Figure 1). We set two survey lines, with a length of 180 kn
which run slightly oblique against the Japan Trench axis. Along the profiles, 17 and 20 ocean bottom seismometers (OBSs) wel
deployed. The spacings of the OBSs were 10 and 8 km, along the land-ward and trench-ward profiles, respectively, taking int
account the difference in depths to the plate interface. We used an airgun array composed of four guns with a total volume @
100 liters as a controlled source. During the shooting operation, we also collected near-vertical reflection data by a 48-channe
hydrophone streamer with a length of 1.2 km.

The obtained wide-angle data showed clear first arrivals within the offset range of 60 km, and later phases interpreted as th
wide-angle reflections from the plate interface. Further analyses of the obtained data set will provide a velocity structural mode
to clarify more detailed distribution of the backstop block and to reinforce the interpretation based on the spatial correlation
between the high-Vp block and large coseismic slip area of the 2011 Tohoku-oki earthquake.

Figure 1. Map view of surveyed area. Red lines and yellow plots indicate survey lines and deployed @BSitions of this
study. Black line indicates the profile of Azuma et al. (2013). Blue arrow represents the high Vp area detected by Azuma et al
(2013). Gray lines were surveyed by Ishihara et al. (2015). Black blocks shows the distribution of sedimentary prism obtained by
reflection surveys (after Tsuru et al., 2002). Color-filled contour represents the coseismic slip distribution of the 2011 Tohoku-oki
earthquake (linuma et al., 2012).

F—7— R HiEEE, 201 L4E S il S AT
Keywords: crustal structure, 2011 Tohoku-oki earthquake
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HIKRATT / ZAGEIROERS ERIE
Grain growth of nanocrystalline labradorite

AZ Ry Al Esh
HONDA, Satokd* ; ISHIKAWA, Masahird

VBRREN RS BRESTEEITART « AR

Yokohama National University

Plagioclase is a solid solution series that ranges from albite to anorthite endmembers (with respective compositiofBNaAISi
to CaALSi; Og). Plagioclase is a major constituent mineral in the Earth’s crust. Its physical and chemical properties are important
for establishing the overall rheology of Earth’s crust. Previous experimental studies on sintering on plagioclase were mostly
concentrated on the endmembers under the high-pressure conditions, thus there are few reports on sintering of plagioclase w
intermediate composition.

In this study, sintering of labradorite polycrystalline were performed by using nanoscale powders of natural labradorite, anc
grain growth kinetics was studied in sintered polycrystalline labradorite. We prepared nanoscale mineral powders from natura
crystals of labradorite (Ab38An62) by milling. Sintering experiments were carried out at a temperature of 1100-$2t0
controlling time after milling and formed mineral powders. Starting materials were characterized by electron probe micro analysis
(EPMA). The resultant materials were characterized by X-ray powder diffraction (XRD), secondary electron microscope (SEM)
and Xray fluorescence (XRF) analysis.

Grain growth occurred with increasing sintering temperature or sintering time. The experimental data can be fit the following
relation, D;"-Dy™ = kt where n is a constant, Dand 0y are the grain size at time t = t and t = O respectively, and Kk is a rate
constant. For sintering, a temperature of 1100-121@ith controlled time can provide high dense aggregates of labradorite with
an average grain size of 0.5micro m, porosity of 3vol% and volume reduction of 60%. In this study, we found that high dense
and fine grain polycrystalline Labradorite can be made from nano-sized powdH8rm) by atmospheric pressure sintering.

Keywords: plagioclase, sintering, grain growth
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Effects of seismic velocity anomaly zone below Northeast Japan on displacement of the

2011 Tohoku earthquake
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20114 M9 St X B IFIE A L 500 km, 3RPH 200 kmic B X T, HAFEBOLHICbz> TRELRLER 2
XIF U7, HAYEEICIIHS T GPSEIIME b > TH D, HREH T — X OZEMINRTc X 0. RIbihEDE
20 T TOYMREDERES2 LB AHETH S, HILHAINIL—F 27 T L— MIATFEET L— DA
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VB D ERIC K 2 Bl SN TV 5, 2 TAWIZETIE. HARSEE O = Rci s gz B o ANz
ARERETIVEMEL A VN—V g VKo TELSNHIEMHIEDO T XD HZ VT, HILHA ROl FA 8
MED K S ITHFREENC B 5.2 2 D 7Z2ii\Tz, BllT—2 & L Tid, E-HEERIC X 2 FESO GPSEIlT—2 &
Mg FARZ T & RALRZAIC X B GPSEZEAIIRIC X 37— X &2 iz, T )V E LT 4500 kmX 4900 kmX 600
km OFEIZ & %, THUETEINE-IV 7 FHE-HERY & T2 OHElicsd %, FL— MEFEIke L Tid, it
EEFR ED SRDTZEHE O A M L7z & D% vz, T7 /U 5-100 kmD K E X D 100 5 HFLE O PUEA
Ay ¥ all &> THEIU, EHORECOWTITEROZILICE U TIZIEFIT/NE D > TeOTEE U, sk
IZDOWTIE, ShESTMOREIEIC DOV TIE PREMETIVIC K 2 EREHV, KEEFRE FOom®EE L 7oy ME
TOMEEZERIT 572010, ZNEFNIEE 80 km DME RH B ZEA Ui, MBRNIEORE R IX25 TzdI G
T 5RERERE TEREZITo Tz, SHEOE, B5NTZITXROMICB L T, REFET TV & HFR AR GRS
EFINVTIEIEFR IR GHEIEL Nz, ThbH, HFRAEHEIC K A2HFREH)/SZ—2 DT UL, I XD HEDA >V
N—=T 3 NTFEELRV, —/. Ln%ﬁmfﬁﬁLt%iﬁmﬁf®ﬁ%rw®ﬂﬂﬁﬁ%%% BN SEF
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ww%é\Ch%@%%N7b»@$é<&bﬁﬂ?—&%ibﬁ<%%f%%oz@i%t TSR 7 M s Bl 7 —
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Keywords: 2011 Tohoku Earthquake, Crustal deformation, Finite element modeling, Seismic velocity structure, Northeast Japa
arc, Active fault
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A method to estimate friction coefficient from orientation distribution of meso-scale faults

o 5
SATO, Katsushi*
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!Div. Earth Planet. Sci., Kyoto Univ.

T Dt 1 R R U TR D NE ME ARG 2 TRE D B EHEZ/ ST AR TH%. Ui L, MERHICTED) L7z WifE s
BRBZIIRINC AL 2 C L3 LY. BE7a 5, MEEOMERZ R i HaEREONEVI 5 TH L. K
Wi, IOT AT TR & W O T A A s 2 A B 5 T & THIE R RO Ff R R #EE 9 % Fih 2 id R
ERCR

ST, A NBTEREOLES L0 Jie & LICHRREIST1 7 > V)b (3 DD AL L Is k) 2R
% THETH%. Angelier (1989 &, Je/JDHMEZ EIRTET 5 THEZRE Uz, TOJCERNATIAR, Mg hzEgdl
7z CoulombDBIKIIESAT 28RS 2. I 7&b B, WEMICIEZZ5 < AMERIST) & BIWE T O LLhveE R R E Uz
ATEZBIHODPECE EIREL TS, TOREIHE > T, AIERISS & ¥IHNS) 229 Mohr 247 575 LB
T, WOTMDFREBLDERMOME & UTHIEEBBREDIEESNS. LA LEDND, 757 ETHERZHET 21
FIIMEREEZHS.

Z TTANIEE, LNOIETEROMBME ORI ZH L Lz, 77 b= Z&ZERTRE 2 BISH Ao a0
MRHEIC LT, AR ZEF LT VWEEZI NS, WKED EFIC K > THIEM 255G, Kk )24l L7z Coulomb
DBIRTIESEICHE 5 72 513, Mohr [ & ST 72 K S ERIO BRI WiE 2 K I MRS 5725 5. BRA ik
FEAEIC IS CCTWIEREDNE 2 &, 22007 LICHIREIE U 7z Mohr FIN D 5o i I3 BEEBRENC K - THEE E N2 T i 7z
£C%. Toiamd, FAERTG T BNV EH LILFICEENTES. U EOMEZMM LT, #iHElE Mohr
ZAT JZ L ED AT DERRD T B FEE R 2 BT 5.

AW OBEEROE L2, THEREREHRERC MG S 2 Skt LRREREh O/ NI ERHCER U7z, MROMEIX
FICWEBXTREN B S, S Mif#ENT (Sato, 2006 1IC KD, FEILFE-BFEHTAIOS [SRISHI DRI E N7z, BEEREL
1% 0.66+0.05/-0.05 B &N, ARFIEICK D BOKEE T YRAERNMEL NS C DRI N,

References
Angelier, J., 1989, Jour. Struct. Geol., 11, 37-50.
Sato, K., 2006, Tectonophys., 421, 319-330.

=T — R SR, /N AT, EERRRER, T AT

Keywords: stress tensor inversion, fault-slip analysis, friction coefficient, orientation distribution
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Landward migration of active folding estimated from topographic developments along the
eastern margin of the Japan Sea

KEE G5 =1 5t
OTSUBO, Makotd* ; MIYAKAWA, Ayumu !

!Geological Survey of Japan/AIST

The Quaternary tectonics of the Japan arc is characterized by strongly crustal deformation, whose mode and rate are qui
different from those of the preceding late Pliocene. The Tohoku district, on the eastern margin of the Japan Sea, lies withir
a strongly compressive area that has been experiencing large, contractional, crustal deformations, since the late Pliocene (S
and Amano, 1991). Fold-and-thrust structures (Sato, 1989) and fold-topographic structures with distributed reverse faults (e.g
Okamura et al., 1995) have developed in response to this contractional deformation. Geodetic surveys in the Tohoku distric
have detected zones with a high rate of horizontal strain (Sagiya et al., 2000). When the contractional deformation continues t
the present, the high strain rate zones at the geological and geodetic scales should be overlapped. However, the high horizon
strain-rates recognized at geological and geodetic time-scales are spatially heterogeneous. Rates are consistent in the Niig
region, in the southwestern part of the Tohoku district, but not in the Akita region in the northwestern part of the district. There
is, therefore, a need to constrain the spatial differences in the horizontal strain-rate between the geological and geodetic tim
scales, in order to understand regional tectonic differences across the district.

We focus here on the erosional and topographic evolution of fold structures developed since the late Pliocene in the Akite
and Niigata regions. We measured the distance between the fold hinge lines and the mountain ridge lines. We targeted 44 fol
that were activated since the late Pliocene, comprising 12 and 32 folds in the Akita and Niigata regions, respectively. Spatia
variations in the normalized deviations are consistent with the systematic eastward migration of fold growth in the area. The
topographic behavior indicates that the landward migrating of the fold growth is generally constant.

References: Ellis, M.A., Densmore, A.L., 2006. Geological Society of America Special Papers 398, 251-266; Lave, J.,
Avouac, J.-P., 2000. Journal of Geophysical Research: Solid Earth 105 (B3) 5735-5770; Merritts, D., Ellis, M., 1994. Journal of
Geophysical Research: Solid Earth 99 (B6), 12135-12141; Okamura, Y., Watanabe, M., Morijiri, R., Satoh, M., 1995. Island Arc
4, 166-181; Sagiya, T., Miyazaki, S., Tada, T., 2000. Pure and Applied Geophysics 157, 2303-2322; Sato, H., 1989. Memaoir:
of the Geological Society of Japan 32, 257-268; Sato, H., 1994. Journal of Geophysical Research: Solid Earth 99 (B11), 22261
22274; Sato, H., Amano, K., 1991. Sedimentary Geology 74, 323-343; Sibson, R.H., 2009. Tectonophysics 473, 404-416.
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%Iﬂﬁﬂ“%ﬁ?tﬁ% Z T 2l HENBRTEITNDIC K - T T &7z Block-in-matrix
Blé%k—in—matrix fabric by frictional grain-boundary sliding of the Hioki melange of Shi-
manto belt, Shikoku, Japan

PR 42 1 5 e 1
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LGraduate School of Integrated Arts and Science, Kochi University

We report lithology, deformation structures, and clay mineral contents of the Hioki melange, which constitutes part of the
youngest (late Oligocene to early Miocene) portion of the Shimanto accretionary complex, Shikoku, Japan. The Hioki melange
is comprised essentially of a dark gray shaly matrix that envelops blocks and large rafts of mainly sedimentary rock. Although
it is regarded as accreted within a few kilometers below the surface (e.g., Hibbard et al., 1993; Underwood et al., 1993), the
deformation process of the melange still remains unclear. The deformation mechanism of the melange is essential information
understand this problem.

The lithology and deformation structures are observed using core samples and outcrops along coastline at Muroto, Koch
Japan. The core samples were collected at two localities (HKO1 and HK02) and are about 40 m length, respectively. The whol
of the samples show block?in?matrix fabrics. The ratios of the blocks change irregularly between 0 to 40 %. Furthermore
some fracture zones are observed throughout the samples. Some of these fracture zones contain clay minerals. In the fie
block?in?matrix fabrics are also observed throughout the study area. The size of blocks ranges from millimeter to meter scale
There were three shapes in the blocks, which are brecciated, boudinage, and layered blocks. Some blocks are injected by she
The matrix, which is partly folded, is composed of dark gray shale and some green tuff and dark brown shale. Microscopic
observation revealed that the shear displacement of the matrix has been achieved by grain boundary sliding and some press
solution. Attitudes of bedding plane, cleavage foliation, and major axis of boudinage blocks are parallel in many cases.

Clay mineral contents were investigated by XRD analysis on 23 samples (7 samples for HKO1, 5 samples for HK02, and 11
samples for outcrops) throughout the study area. The result shows that illite is the major mineral in all samples. In addition,
chlorite is contained in the samples of HK02 and the northern half of outcrop, and kaolin minerals are contained in the fracture
zone.

Two possible explanation are concerned for the process of the block-in-matrix fabric of the Hioki melange. One explanation
is that this fabric has formed under the condition that the contrast in competence between the sand (block) and the shale (matri
is relatively high. In this case the sand layers have consolidated and deformed by brittle failure, although the shale layers hav
deformed by grain boundary sliding. In this case, blocks from same layer should form a line. It is a future problem to confirm.
Another explanation is that host strata of the Hioki melange have deposited as mud layer with some boulders. In this explanatior
sandstone blocks may have been transported by debris flow and/or submarine landslide. On the other hand, the fracture zor
have formed in the consolidated melange, which have been uplifted to shallower part of the accretionary prism.

F—U—F: 70w I MYy 7 AR, KD, W, AT Y a
Keywords: block-in-matrix fabric, grain boundary sliding, Shimanto belt, melange
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Changes in seismic velocity and electrical conductivity in a brine-saturated granite unde

uni-axial compression

RRA Sl 1
MORIMOTO, Misaki'* ; WATANABE, Tohru!

LE IR HIER R A B
! Department of Earth Sciences, University of Toyama

Geophysical observations have shown that fluids exist pervasively within the crust. Fluids are mainly situated at intra-grair
cracks and open grain boundaries. Since the opening of cracks strongly depends on the stress state, bulk properties such as seis
velocity and electrical conductivity, which are strongly affected by fluid-filled cracks, should be anisotropic under a stress state.
In order to understand the anisotropy in velocity and conductivity under stress, we have been constructing an experimental syste
for studying the anisotropy in elastic wave velocity and electrical conductivity in a brine-saturated granitic rock under uni-axial
stress.

The loading system is composed of a hand press (Maximum load: 20 kN), a load cell and stainless steel end-pieces, whic
contains ultrasonic transducers for velocity measurements in the axial direction. A fine grained (100-500 ?m) biotite granite (Aji,
Kagawa Pref., Japan) was selected as a rock sample for its small grain size and textural uniformity. A cylindrical sample (D=2¢
mm, L=30 mm), to the cylindrical surface of which ultrasonic transducers are mounted for velocity measurements in the radial
direction, is assembled with end-pieces, and then loaded. One compressional wave velocity and two shear wave velocities c:
be measured in the axial and two radial directions. Electrical impedance can also be measured in the axial and radial direction:

Preliminary runs on a dry rock sample have showed that velocities in the axial direction increased significantly with the axial
compression. No significant change was observed in velocities propagating in the radial directions. These observations can |
explained by the closure of cracks perpendicular or subperpendicular to the compression axis. Experiments on wet samples w
also be reported in this poster.

F—U— R HEROENE, AR, ST, ik, R, 60

Keywords: seismic velocity, electrical conductivity, anisotropy, fluid, compression, stress
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Detrital zircon chronology of the Upper Cretaceous Atokura Formation in northern Kanto
Mtn., Japan

PR R e B TR 2 5 /NRORIOR B 5 B JE 4 O e
NAKAHATA, Hiroki 1* ; ISOZAKI, Yukio? ; KOSAKA, Kazuo® ; SAKATA, Shuhef ; HIRATA, Takafumi!

VHREURZAIEBE AR S R R R R AR I, 2 AUUR AR AR B S LI FE R AR A I, 3 HACK A SR i

R AT LRPERE 4 B R E B R A R ER R R R e I

IDepartment of Earth and Planetary Science, Graduate School of Science, The Univeristy of “Taéqyartment of Earth
Science and Astronomy, The University of Toky@epartment of Geosystem Sciences, College of Humanities and Sciences,
Nihon University,*Graduate school of Science, Kyoto University

The Cretaceous sandstones of the Atokura nappe in the northern Kanto Mtns. in central Japan were analyzed for detrital zircc
U-Pb chronology by LA-ICP-MS. The results documented two distinct age groups; i.e., 150-300 Ma (Permian to Jurassic) anc
1600-2600 Ma (Neoarchean to Mesoproterozoic). As there are no correlative candidates for provenance in the neighborhoo
the Cretaceous strata of the Atokura nappe were likely exotic. The occurrence of Jurassic granitoids is currently limited to the
Hida belt in central Japan, while no Precambrian basement is exposed at all in Japan. Judging from the allochthonous mode
occurrence, the Atokura nappe was derived originally from the back-arc domain of the Cretaceous Japan.

F—U— R Aififd, BE, #UEED L3, U-Pb4EA, LA-ICP-MS, HA
Keywords: Cretaceous, sandstone, detrital zircon, U-Pb age, LA-ICP-MS, Japan
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Dislocation creep induced layer structures ? in mafic rocks, Tanzawa Mountain

TKEF AT 1 3EAR S
MIZUNO, Tomoki'* ; MICHIBAYASHI, Katsuyoshit

VR - BE - HIBRR A

Hnstitute of Geosciences, Shizuoka University

Tanzawa plutonic complex is located in the northen part of Izu-Bonin-Mariana (IBM) arc. The complex has been exposed by
the collision of IBM arc and Japan islands. The exposed process is related to uplifting of Tanzawa plutonic complex along the
Kannawa fault. Mafic rocks near the Tanzawa plutonic complex show metamorphosed and deformed textures. The purpose of th
study is to reveal microstructures of metamorphosed mafic rocks occurred near the Tanzawa plutonic complex. They are highl
deformed and show well-developed layer structures. The mafic rocks consist mainly of amphibole and plagioclase. Amphibole
grains are elongated. Plagioclase grains are polygonal. The mean grain sizes of amphibole are in a range between 30 and
micron, whereas those of plagioclase are in a range between 25 and 115 micron. Within the well layered rocks, aspect ratic
become smaller, as increasing grain sizes. Crystal-preferred orientations (CPOs) of amphibole and plagioclase were measur
by a scanning electron microscope (SEM) equipped with electron back-scattered diffraction (EBSD). Amphibole CPOs show
(100) [001] patterns. Plagioclase CPOs show (001) [100] patterns. It suggests that their deformation mechanisms are dominant
dislocation creep. Some elongated amphibole grains have grain boundaries perpendicular to the foliations, which appear to |
also an evidence of dislocation creep. Consequently, the mafic rocks could result from dislocation creep during the developmel
of layer structures associated with uplifting of the Tanzawa plutonic complex.

Keywords: amphibolite, Tanzawa, amphibole, plagioclase, CPO
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Brittle and ductile textures preserved in Kashio mylonite along the Median Tectonic Line,

Sakuma-cho, Shizuoka

8 NP = 17 = B
ENDO, Hiroto"* ; MICHIBAYASHI, Katsuyoshi

VAR - BE - HUERFSE
Hnstitute of Geosciences, Shizuoka University

Kashio mylonite exposed along the Median Tectonic Line in the central Japan is one of the most famous fault rocks in
Japan. The purpose of this study is to reveal microstructural development of Kashio mylonites in the Urakawa area,Sakume
cho, Shizuoka Prefecture. Kashio mylonite occur along the Ohchise-gawa River and Shippei-sawa. In this study, four Kashic
mylonites were classified into three types: protomylonite, mylonite, and ultramylonite. The whole rock chemical compositions
show that they were derived from the igneous rocks such as tonalites. Two protomylonites have larger ("“4mm) plagioclase an
amphibole porphyroclasts and show composite planar structures. The plagioclase porhyroclasts were fractured but partly d
namically recrystallized into fine-grains. All quartz grains were dynamically recrystallized into fine (about 40 micron) grains.
One mylonite consists of very fine-grained quartz (about 20 micron) and plagioclase bands with small amount of plagioclase
porphyroclasts. One ultramylonite consists of very fine-grained matrix of quartz, plagioclase and K-feldspar (about 10 micron).
Ultramylonite were fractured such as cataclasitic rocks after the mylonitization. Crystal-preferred orientations (CPO) of quartz
were measured in the four mylonitic samples. Quartz CPO patterns suggest that pristip system is dominant, whereas the
ultramylonite have a weak cross girdle pattern of c-axis. It suggests that the ultramylonite was progressively developed durin
deformation under the retrogressive condition. As a result, these mylonitic rocks have undergone three stages of the deformatic
event. The first stage of deformation occurred in the ductile regime of plagioclase, resulting in the fine-grained plagioclase ant
Y-maxima CPO patterns of quarts c-axes. The second stage of deformation occurred in the brittle regime of plagioclases, resul
ing in fracturing within plagioclase porphyroclasts and the weak cross girdle CPO pattern of quartz c-axis in the ultramylonites.
Finally, the third stage of deformation occurred in the brittle regime of both quartz and plagioclase, resulting in the development
of cataclasite. The results support that the Kashio mylonites have been deformed during progressive retrogression associat
with the development of Median Tectonic Line.

Keywords: Median Tectonic Line, Kashio mylonite, CPO, ductile regime, brittle regime
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Thickness of seismogenic layer within the crust on the Japan Sea side

NG
MATSUBARA, Makoto'*
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INIED
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P-wave velocity structure at shallow depths around the northern limit of the 2011 Tohoku
earthquake
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ISHIHARA, Ken'* ; MOCHIZUKI, Kimihiro ! ; YAMADA, Tomoaki! ; YAMASHITA, Yusuke! ; SHINOHARA, Masanab;
AZUMA, Ryosuké ; HINO, Ryota ; SATO, Toshmoﬁ MURAI, Yosh|0°'YAKIWARA Hiroshi ¢
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LEarthquake Research Institute, The University of ToRfRecearch Center for Prediction of Earthquake and Volcanic Erupstion,
Tohoku University?International Research Institute of Disaster Science, Tohoku UniveiGitgduate School of Science, Chiba
University,?Faculty of Science, Hokkaido UniversifiEaculty of Science, Kagoshima University
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Seismic basement structure in and around the northeastern Kanagawa Prefecture inferr

from the seismic interferometry
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MIZUHO, Yamazakt* ; YOSHIMOTO, Kazud ; NAKAHARA, Hisashi® ; SAKAI, Shin‘ichi® ; HIRATA, Naosh?
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Seismic reflection profiling off-Tottori and Fukui, SW Japan, for seismic and tsunami
hazards in the Sea of Japan
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Crustal deformation in Hokkaido after the 2003 Tokachi-oki earthquake using GNSS data
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Ko TEHICEIIE N TV S, RNEAEIO F&JFEAIE RN T RO EREHPRD RN TH S L ENTND. RETTAX
D IIAEFEZOBFRIR KL CEETOTRD T, HEHMIIBMHA~EFELIN TS, £z, FERAIIEAEIC X
ZII15OZIC K 2R OWRENC X > T C 2 H5REAH) T, 2IRIIBUIE~ B TH SN TEBL, BRI X
DICHARTIREICHEEST S L ENTW5S (BlZ1E, Scholz, 2002) KigABERIC K 223 7 L— M EIOFEEIREE, FFic
AEHOEZOREBEEHEE T 2 L TRGEE L RS20, FIEFHOT =2 bZ OB T 5T ENEET
HB. TDIDHIC, TNTFNCKZHZEORERDEVHFIFATE . L UEBICIERINT N DI LTRSS

DREED s LR 5 BRI RRHIIE D > TORL.

TSR O ZE)E, Miyazaki et al. (2003) Ozawa et al. (2004) Baba et al. (2006¥5 T A 7ZR509 XD }:{)i
EUTeA VN—T g VDM ThN T W3, F£7z, Tanaka (2007)3 RENZSENC & N 5 KRR O 520 W H mT e
REZWCHEDDDHBHT ETHT—REETRLTWVS. LHL, Lh6®mnTMMéht%WmBmama(xm®
T 14F[, Tanaka (2007)C 2 fERIICIRE BN T WS, Z T TR TIE, REFED S AHLHS A FHIZE £ T 7 4£R
@ GEONETHII A THINE N7z GNSSIC X % H5RE S 77— X DfFi 2170, THiiEG O SE i w4 2 RBEhd X
D R RGBSR OB R ATz, ZHUCH 2D, AFRTIE GNSST— XMt OFE R 515 5 NI HER OB OFf
BT OWTHERS.

TR EELARE O MR A E O S 2 EH R T B EGIC, 19994 3 H 1 H~20034 9 H 1 HOBIM T — 2D LV R

ZEMEL, TOHMOEEEEIZ T L — FOEHNZILAARCEDEDEEZTLBOT—2 K ORELE. 20,
OB BT AERIC GEONETHEA 2B OKK - =, 2013 D5 B, 20064 11 H 15H, 200849 H 11 H,
20094F 6 H 5 HICHE L& OOMEROEHE 24 7y MlE LUz, LLEDOEEDOZICH T NARELEIT R L%
OHRATEE 215z, KPR U TR LEEOFEZFHE L. /2, E NI L TIIHEEZD S 3 F[H
X 1EE, TO®%I 2FEEICHE L.

TP - BB - AREHIEKTIE, 20044F 11 H 29 H, 12 H 6 H (TIMHIEEDR 14 2 7 A1) 1B CHA Ui
(M7.1, M6.9, LITHIEsH ) OFEMNR LNz, TOMEBICK 2 EALNZEE, EBIRISTOTREPEES - 18 - 4R
FEHUIK OB Tl 2 FREFRV TV A TRz, F iz, %ﬁﬁ@ﬁﬂ£®9%@EWEﬁw&:5fd,%
R T — ZIHNEE IR 5 ZFD 1 FREFRWV TV A TR SNz, HIFED 3EGLE T, 1 - diisiis©
DR ENMEEIMNIOREERE XL DB RE Aok bbb oz, TOT e D, SEBLRE TITEEINTT TR
AN DFZEENAINC K E 75> TV B AREMERRIN T RO DR BH L T2 [REENE 2 5N 5.

TP E O ZRO LI NIE 9 S E i T, BB 4 EBR LR O EE OFEEERED, ZE K 0 LSt
H AIAND K E DR EEREIC LN TIEFIT NI W &b o Tz

DL EDOMRHFERD S, HEMHIER LD 5 3~7 FEHE DT — X TR O BN T 2 L& 2, g &
REAGSHE I O7KCERE 2 JEihd 2 e U, SMEE O E &R ORI %2 grid searchCHEE L7z, ZOREHE, g%
JEDIEE 60km, Fhig# MO 8.0 X 1018Pa- sHHEE TN, 4~7 F1& T IHEZ oI U CIErE A & sl
123 2 NFEOBN f TOZEF 2R TE

e AT T E D S B E N TV 5 GEONETOD H 4 DRt (F3fif) ZFHEETIHE X L.

F—T— F: RENZH), RS PEREA], 20034 5 HIEE, GNSS
Keywords: postseismic crustal deformation, viscoelastic relaxation, 2003 Tokachi-oki earthquake, GNSS
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Lo —SBIEZ D v RO —FIC KO HEE T N7 HASS O R HRE
Moho discontinuity beneath the Japanese Islands inferred from grid search analysis c

receiver functions

FoJ e e B B
IGARASHI, Toshihird* ; IDAKA, Takashi

LUK A MRS
LERI, Univ. of Tokyo

Information on seismic velocity and seismic velocity discontinuities is important to clarify the characteristics of the seismo-
genic zone. In particular, investigation on the crustal structure and the crustal thickness is the key to understanding the stre:
concentration and strain accumulation process. Recent travel time inversion analyses have elucidated 3D velocity structures
the whole areas in the Japanese Islands. However, very few studies have paid attention to velocity discontinuities due to tk
limitation of spatial resolution. A receiver function analysis can extract velocity discontinuities at any depth. In this study, we
applied the grid search analysis of receiver functions to estimate the depths of Moho discontinuity beneath the Japanese Islanc

We first searched for the best-correlated velocity structure model between an observed receiver function at each station ar
synthetic ones for 10 seconds from the direct P arrival. Synthetic receiver functions were calculated from many assumed one
dimensional velocity structures that consist of a sediment layer and one or two velocity discontinuities from the ground surface
to the depths of 50 km. We considered only the positive S-wave velocity steps. Observed receiver functions were stacked withol
considering backazimuth or epicentral distance. Telemetric seismographic network data covered on the Japanese Islands and s
eral temporal dense seismographic stations are used. We selected events with magnitudes greater or equal to 5.0 and epicer
distances between 30 and 90 degrees based on USGS catalogue.

As a result, we clarify spatial changes of the depths of Moho discontinuity. They tend to increase in mountain regions and
become shallow toward the surrounding areas with some undulations in most part of the Japanese Islands. This grid sear
analysis extracts the oceanic Moho of subducting plates in some areas near the Pacific coastline and beneath the south west
Japan. This result suggests that velocity gaps of the subducting plates are larger than that of the overriding plate. We also shc
the Itoigawa-Shizuoka Tectonic Line (ISTL) is the boundary of the velocity structure in the Japanese Islands. The uppermos
mantle along the ISTL shows relatively low P-wave velocities compared to the neighborhood areas. The southwestern Jape
side is covered in the relatively high velocity and low Vp/Vs in the crust. On the other hand, the northeastern Japan side ha
heterogeneities of velocity perturbations. Low S-wave velocity and high-Vp/Vs areas exist just beneath the Moho discontinuity.
This may be the reason the depths of Moho discontinuity interpreted from depth-converted receiver functions are deeper than tt
estimation from tomographic imaging and travel time of the refracted seismic waves in several areas.
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S IsiC U B St 152 D FERGES

Reassessment of the stress history in the eastern Boso Peninsula, central Japan

(L el s AR vEAE L s Bt
YAMANAKA, Katsumasa* ; SATO, KatsusHi ; YAMAJI, Atsushi

PHOK - B - B
! Div. Earth Planet. Sci. Kyoto Univ.

A BTN T R =D S HEVUROLZEEHB LU LRERICE, 2HRo/NMERALN, Thbict
EDWNWT T ¢ U EVilET L— b OB AR S T & 7z (Angelier and Huchon, 1987; Yamaji, 2000 115 H 551D
ZE B HEE U551 D (1969) Angelier and Huchon (1987) Yamaiji (2000)0D 3 ZHD FaRIE HWICF A>T\ 5.
IS AL E 72 AU —ra PE T 0 O/ EfEhs 1 DR 2 KA IE A (1969 135 1.8 Maiiif%, Angelier and Huchon (1987%
372, L 2 Mallil, Yamaji (2000)i& 1.2 Mallili & f&am Uz, AWIZEE, s/ NEERNT T (HoughZ#aik:: Yamaiji
et al., 2006; Sato, 20067 Fi T/ EHUE OIS 150 72 FRET U, 7KF RIS 71 DREHO R E 25l # 7z

AW EHIB O SGERIN O Z RS E L, 19 1400560/ M8 72 it L CLL T ORISR 2572, K12 55 0.8 Malc M
U7z LRt g Lh S AR o g £ oL 5, ShEtEEiEs 1, mbs BRI, Jbii—mss BRIS)T
D3OIz Uiz, £z, ZREERE FRERZEET 55 3 MaDRB ARG D, #2 Ma X TICHERT L 72 B5
J& FERE TOMEMN S, FFLD 3 DDISIITNA TR —m bR 2 Uiz, 51T, AEEA0WE O YK iR
ZRETHT LT, $¥12Man 5 4.2 MalcHERE U 7o LR ek e & FERHS R IEN 5, Fid 4 DDISHICMA T,
iR O AKES [BRIG I Z R Uz, Mith & iz)is ) & g OHERERD SO MR > TG TR FO LB T
H3. HEHEE, ARSI (3 Mallih A RMERHOKTS 5RIG ) 2, BRENREEERIRD 5 SRR
JEHEREHH (35 2 Ma) ICHbER—mVEHEAEIS 172 2 2 B0, BE L&) S BEHEREH 205 0.8 Ma) ICHHAT
JEPE—RE R D5 RIS ], PEESCTH—I4 7 mO5 (RIS )], ZFORICHILT RIS, ZLTHEZ6L &> LB HIEICh
W SR E Y RIS /172 2 5 T Tz

ROV NOFATIIZ L & 51750, WEHIEIEEARNICTRIGNZZ S5 8->TED, 305 2 MadDEH DAL
W—aPE O EDEFISIE T ST e nhole. AREETIE, TORNENSHRINSBEOUFE=E
OB DOV THRT 5.

SERR:

Angelier, J. and Huchon, P., 1987, Earth and Planetary Science Letters, 81, 397-408.
KAFIEH,1969 HEFRE AT H #, 20, 13-38.

Sato, K., 2006, Tectonophysics, 421, 319-330.

Yamaji, A., 2000, Journal of Structural Geology, 22, 429-440.

Yamaji, A. et al., 2006, Journal of Structural Geology, 28, 980-990.

P T R RS, IS0, TR AT

Keywords: Boso Peninsula, stress history, fault striation analysis
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— E IR i A s BT H HC 380 2 oG sIc e 5 WrJEa DOkt
Analysis of fault rocks along Median Tectonic Line in Tsukide, Itaka town, Matsusaka

city, Mie prefecture

O R TR
ARAI, Shun'* ; TAKESHITA, Toru!

L EE R
'Hokkaido University

PERE HARIC IO TG I 800kmbEL FIER X N2 ot iiiEiRid, PaRg HARYME O =38 1147 & WiF OISR E DI 72
B2 HATRAKMROWETH 2. HFOHESERIEININDO, BREINEENSLOEEZHBZ S EZFEAN
TZ, ZOHFHICH > THIENIT NS C L 2WiEEd) &m0, HEBEDORNEES EEZLNS. LKL, HEFHL
TV AHFOWIEDEZIC K D EAADNHHEL TO LB 2 B ERT 2DIIR#TH 5. ZDlzdlmEIciHFE L T»
Wi OFRER BT 5 2 2, WiEICH S BHEOEEZ T 2 ETIERICEETH 2. AWIZETIE, =EHEMMRT
BT H IS AR T 2 RSSO U OME XK ZER L, SO0 EEITS T & T, HREERONEEENIC X S
PEREE & W EENIC BIfR S 2 HIERE DFIEZIHS ICT 5.

AWFE ClE = EIRARBR A ST H O RESERRIC AT 5, REAL/TmID 5 DDIR PGS 900mEICTFAES
%) T150mFEED))— b= v T 7%, 50mER 7z W TEMICIER Uz, 7 ¢ —)V RIEORER, T oo ki
FALICZER L TH D, FUOEAIEIHEERN RS ZHINEREFOF ¥ — b zEEhWiER A (G0my & =
ERGEFICET 5F vy — I I 4 baEFEET2IER S (Q0m), T ERAEFRO A 27 L—8 1 (80m) &1
FIEEAFELRO 7O b A a) A4~ (15mb O 4FHEOEADNEZ > TWE T EHHEN RS, HE T L—YA
Mk UTm b Aa)r 1 O RERL, 8BS T/ A, MBI S FADOFRAIC X % ERBE1 R R
EAOHZERMEREINEHAORIEA DB BILR TE. Tz, hEZ 7 L—Y A MEOREREFIN DS =i BN HEE
(KRlem) ITHEDWT, R Z AR, S9mERy, mRgRy, SREEFMC O BE Uz, FHA I T o =) 12 A O B U PG
EMTHO, £z, ZIRNINEREHEE EFEMEEREO N X7 L—9 A FOBERE TGS ISENENS. Lizh-
T, ZINEREHEB X RS & BICHE SO —GENZ RO ENHEN Eixo Tz, =N REHD /N
Wil lZ LT TR AR EEER L TV 2 A, AU ISR D B T A\ O KB BT N O BTN > TIERE
NV =TIV 2 7 LR ENS. —7, AN TOL— <y TOTF—RICHEXZ 2 L, PofEiioE
M, (MENEMHICIRET 2T ENTERD, AU IEBIc BV TS ERAYY 70m gl « KCESTICIREEL T\ 5
TENHSMTHES T, TTWKEBKIEY a7 (X7 v ) WMEET S LHENESNS. Wi XEdh, T, 2k HEDIE
HIAHE WY a2) 2, BEEOKEER MR S a2 WY a9 JOFRNCIZh X D &k E L ITRSHE,
HIB 7 AR T 4 BMEEST B AEEMNH D &S (ZIEh, 2003. S5O T, ARIKIC I 2 WiE Y 3 7 Ok
WKOWTELICH LGRS 208N H 5. £z, BINEREEICEK > T, HRBGERIGEWVIE 50O <
EOAT TR HEo TWA T EMAL N E o Tz, READEZEOEEL ZNUTHISLTWA. INHDT &h
5, HYUEIERROWEEBNC X 2 MR ER DN RESERRICIN > Tom A b XD BN SO\ ER% L, Riiofbi e &
BICHZ T L—YA MMEDIENILLS E> TV 272D TIR AV EEZSNS.

P — R PR, W, % 2 L—4 o b

Keywords: Median Tectonic Line, fault rock, cataclasite
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7 L— F OEFE LA D FINOZETE & 2 DR .
Characteristics of island arc deformation due to steady plate subduction

DRI 3088 1 5 A Ao 2
FUKAHATA, Yukitoshi* ; MATSU'URA, Mitsuhiro?

URTERREAR SEWTSERT, 2 BRI LA

! Disaster Prevention Research Institute, Kyoto Univeréihstitute of Statistical Mathematics

Steady plate subduction elastically brings about permanent lithospheric deformation in island arcs, though this effect ha
been neglected in most studies based on dislocation theory. We investigate the characteristics of the permanent lithosphe
deformation using a kinematic model, in which steady slip motion is given along a plate interface in the elastic lithosphere
overlying the viscoelastic asthenosphere under gravity. As a rule of thumb, long-term lithospheric deformation can be understoo
as a bending of an elastic plate floating on non-viscous fluid, because the asthenosphere behaves like water in a long term. T
steady slip below the lithosphere-asthenosphere boundary does not contribute to long-term lithospheric deformation. Hence, tf
key parameters that control the lithospheric deformation are only the thickness of the lithosphere and the geometry of the plat
interface. Slip on a plate interface generally causes substantial vertical displacement, and the gravity always tries to retrieve tt
original gravitational equilibrium. For a curved plate interface gravity causes upward bending of the island arc lithosphere, while
for a planar plate interface gravity causes downward bending. Larger curvature and thicker lithosphere generally causes larg
deformation. When the curvature changes along the plate interface, internal deformation is also involved intrinsically, which
modifies the deformation field due to gravity. Because the plate interface generally has some curvature, at least near the trenc
upward bending of the island arc lithosphere, which involves uplift of island arc and subsidence around the trench, is alway:
realized. On the other hand, the deformation field of the island arc lithosphere sensitively depends on lithospheric thicknes
and plate interface geometry. These characteristics obtained by the numerical simulation are well consistent with observe
topography and free-air gravity anomalies in subduction zones, where a pair of topography and gravity anomaly, high in the
arc and low around the trench, exists without exceptions all over the world, while there are large variety in the amplitude anc
horizontal scale.

F—U—F: B, HyRassh, Kigilt, 55

Keywords: island arc, crustal deformation, viscoelasticity, gravity anomaly
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BT LA BAMERTINC K 57 )V 7 ARSI D7 « U ¥ g7 L— - Ok

i 53

1=
Structure of the PHS in the southernmost area of the Southern Japanese Alps using der
seismic array records

JUES S8 1 500 kst 2 5 ik Z2ORER L JFEY Bifk— 2 Ok 2 4 B0 HE S BFH sath ¢
AN 51 O Lk B

KAWASAKI, Yusuke'* ; WATANABE, Toshiki? ; KATO, Aitaro! ; KANO, Ken-ichi® ; ITO, Tanid* ;
ABE, Susum@ ; NODA, Katsuy4 ; KOUCHI, Yoshinorf ; YAMAOKA, Koshun!

PR, 2 REURE, P R, 1 A ECEEORE, © () IBRRPAR G RIZEAT, ¢ (B A2 A

I'Nagoya University?University of Tokyo,?Shizuoka University: Teikyo Heisei University?JGI, Inc.,°Geosys, Inc.

7 VT AFSIE. 74V E T L—F (PHS DOIAARIC K % diug B OREERIK, N O EEIOmEZ% 0
PERRICHIE L CW5, TOHIKDT 7 =7 A %S % 12D iE PHSOIEIR « Ytk OIESHETH B H, T DRt
FHE U7zl mieidiz L A BTN TRV, 2T T, M7V T ARmRIC B\ T 34 OB Z3%E L, FiET L
A BIRMEBINZ 1T 5 720 PIRRIZERRAIRER A TS MG 2 b S IEMTT KR K E BT IC 2 2 AL —F P /5 1A f 50km T
%o AW TIE. L— BT, MNOHIEBIK NS T7 0 2HWT T 2V EVilET L— b OFEaREEZHET LTz,

AW TIE. LURD & S I ZtT- T2,

1.7 LA BRSE R G, TED Hi-net BIlR 5 fICRIER S Moz ERr ek GEREEEE 1 30° ~90° ) I L v —/\B%K
fiEk 2w U, SRR T O At im0 i 2 HEE U7z,

2. 7 LA B LR EOEF BN 45 SRR S Nz ihEE 354D P, Sk#IBIERZHiAHD . Double-
Difference Tomography (Zhang and Thurber, 2003% F\ > C SRS & #HEE L 72,

3. MBI N ES T T 4 THELNIHERE A W T, Double-Difference RelocatiofWaldhauser and Ellsworth, 20D0
IZ & D 20044 1 A5 20144 10 A FA: U T IEE OB IRETVE 2175 T2,

Lo —  NBIBOEEE W 70 S HIER RO PHSOIERZEH#HEE LIz & T A, RMIcdbsicioh > Tk A5z R Lz,
TR & PR CHEATIIZEIC & > THEE ST Nz PHS EliOAiE (Matsu'ura et al., 1991; Kato et al., 2043HEIE A, 2013
CIEIF—H LTz SO FTIETNE T, PHSIKIZIZF CHES THLNEBIRZEZ LTS EEZ BN TV Bz
X, Hirose etal., 2008, L/ L. SEHEE SNz PHSOIR TIZMIRIC IR o 725 DA SN, el ThigE & beis U THExE
TIIRTH %, TOWIRIE. AT THAHED MG EFRNTH . SHEIOMRNTHS T OMNEIROIBZHSMIT S T
EFEEL WD, FEENOMEZE « ILAARIC K > T PHSHHEFEICITERIT 5 K 5 GER 22T T 2 LlLDTk A (]
Z X, Kodaira et al., 2004 W A[REMEE LTI 5 N5,

NET T T 1 T ORI S . JIEREE TR~ THERIC I Tl rE s LA Vs - & Vp/IVs ORI CTH D . FEHIEE IR
TH%, — 7. WERPE~ILHE TR VpiVs TH D . HIETFEINTER TH 5. T DK Vp/Vs OREEL Tl E7KEL
YzEHE O RV SR EAAA T VS LIFIRT 5 Z &N TED, TOMRRICKD ., SEENE NI iEE
HIFR DL IRIA AT THRA U T 2 R E OIS EE O HZ L ZHHTE 2 L E 2 b5,

F—"— R @7 IVT ARG, 74 VEVET L— b, LI— B, MBI N €75 7 o, Rk B, EERE 0

i

Keywords: southernmost area of the southern Japanese Alps, Philippine Sea Plate, receiver function, seismic tomography, intt
oceanic island arc crust, deep low-frequency earthquakes
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jtnB Rt D ST e e 288 s — FORHIEE Y+ 7 )VICBE L T —
Holocene vertical movement history in northern Sanriku coast, NE Japan, related tc

megaquake cycle

B B L EN S 2
KIKUCHI, Ryoichi' ; MIYAUCHI, Takahiro?*

VT RERATAAERR AR, 2 TRERZAR ARG A 7R B R 22 O — X
!Dept.Earth Sci., Fac. of Sci., Chiba Universitidept.Earth Sci., Grad. School of Sci., Chiba University

2011 AEBRALH A RE BRI I, BRI PR (EEH) 50km) OIEIFE FICHE T iR (R = REER~
) 1%, HEWO S L — FEFEICLED INOHEHPHOMIRICI A TE SICkELE L (Ozawaetal., 2001 & <ITK
& VERR U 7o mail = e 13 7 OBARRNANC K > THRECICHER U, HERTLIEOR 4 7 @1#%@99@5(!1@@
BE, 2014, TOR—ZATHRINEH) EHBOTND DORGEREANC X 2 HFRZH) AT U, PUEAERE R CHER LR
EEIET % & 810, ROERMEANMIT T L— FOEEDHERL, WESOENRE S EHEIN TS (keda,
2014, T XS5%TL— FEEKMEY A 7Ly F ) FICHiEZ1E, 201UFEOEBFEE Tldah - 72t =FEmEIc B0
T, FAROBEKHEY A 7V K > TlREOBEZHN LB EN TV 2N H S, TOXIHEZ S ZMGEET %
edIc, AWIZETIE, dtE=kEERIC BV TRt o kiR O @S 1A & BKERICE D W TEEZFHZH S
MU, A2 B 72 2 58 U 7z b = B O BRI Y 1 7 VI DWW TG L iz,

NIRRT 2N ERIVE D 7 T Nz MISSe liHBRER D IHVTRRIE & 30mIZ EICH 5 T &5, 10 FERT—
)V T O ERGHEE 1T 0.2mmlyr7z/Rd, sefttic B BRSO RE 3 A SN, PR, 5% H» o
5n, Lo ThiRE M OBbKERIE (N BRI YREOMIRTHEET 0 m) OEEX 4~5michHH
BKERDRE LB, JIIHTIER 1,0004FE87 (10 HAdETH:D B-Tm ALRBFIKETRT), FREE TIE 3,3004FEH] (C14
FAR) LIRT, AR Tl 4,800FHT (C144FR) LIRTTH B, ZN5 X DM OEKHIEIEARHTH 5, [BETRED I\
ERARCERIC U, B ZE 60 FERI D VLRI 2mmiyr CH %, TS EH—MICHIH T X 2RO RELH X A
775 LNEERR Uz,

MR OBKHRII K E BB AXRY ML EE0 (HWEDONSEL E2 E3£9 %), /XY MITIETL—
MEEEIC K Z51E T 0Lk HERTER) A 2mmlyr TRk L Tz & 9% &, 1,0004EF7 DA N> b E3EIC
BB KEFEHIE 6 ~ 7 mICIE(EL, FFHCZOMED E3 AN MFORERZ/RT T EICkb, BNV MEZDOF]
EEEZERICEROMZN, 1 0 HERXT—)IVOVEREEEE 0.2mmlyrziiii/zd K 9109 % &, E2134Y 3,8004FHIC
5~6 mOEE, E 1135 6,200 AIC 4~5m DA k> Tz b HEE I NS, FERREICKC >z DX S RkER
BRIV OB TG EEENC X A TREME (BN, 2012 &5 50, HIFSEATRMIEERICZ LY. ZOX 5 Ak
e = e CHEEITTR TH 2 RNEF AR LD TH o1 IT 5 L, AR b OERICHEE ik
ZfES 7L — MERBIO FERHEN LIS =REM O HARUEED S TEEHICB O TCRE LI ReENH 5. ZOHEIESE
Fitic i &t 3METH %,

F—U— R et BokigR e, wiazs g, Reh2s), L =R, BOME
Keywords: Holocene, Emerged coastal topography, Vertical movement history, After-slip movement, northern Sanriku coast
megaquake
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New MadriditiZZw O & FEi~ > b ILRGG o o
Crust and upper mantle structure of the New Madrid Seismic Zone: Insight into intraplate

earthquakes

Chen Chuanxb; i K 1* ; Wu Shigud
CHEN, Chuanxti; ZHAO, Dapend* ; WU, Shigud

LA R AR B A SR
Tohoku University, Department of Geophysics

The New Madrid Seismic Zone (NMSZ) is seismically the most active region in the Central and Eastern United States and ar
ideal area to study intraplate earthquakes. A sequence of at least three large earthquake®) @ddcurred here in 1811-1812,
and palaeo-seismic records show evidence of large earthquakes about 500 years apart in the past 2000 years. The distribut
of local earthquakes recorded since 1974 delineates three linear faults in the NMSZ: (1) the NE-trending Cottonwood Grove:
Blytheville Arch fault along the central Reelfoot rift, (2) the NW-trending Reelfoot Fault, and (3) the NNE-trending New Madrid
North Fault. The activation of these mid-continental faults and their controls on duration of the seismic activity remain poorly
understood. One of the fundamental questions is: what makes the NMSZ different from the surrounding intraplate areas in Nort
America, especially the areas within the same geologic settings?

We determined a 3-D P-wave velocity model of the crust and upper mantle down to 400 km depth to investigate structural
heterogeneity and its influences on the generation of intraplate earthquakes in the NMSZ. We used 4871 high-quality arrive
times from 187 local earthquakes and 30,846 precise travel-time residuals from 1041 teleseismic events recorded by the Eart
Scope/USArray Transportable Array. Our results show that, beneath the Reelfoot rift, a significant low-velocity (low-V) zone
exists in the upper mantle down to 200 km depth, with a large volume of 200 km x 200 km x 150 km. The origin of the low-V
zone may be related to the passage of the Bermuda hotspot and the stalled ancient Farallon slab materials foundering in t
mantle transition zone. This low-V zone may have relatively low shear strength and act as a viscously weak zone embedded |
the lithosphere, being apt to concentrate tectonic stress and transfer stress to the seismogenic faults in the upper crust, leading
the large intraplate earthquakes in the New Madrid Seismic Zone.

F—"7— F: New Madrid, H1i7E, #i78, <> bV, RS
Keywords: New Madrid, earthquake, crust, mantle, velocity structure
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The property of fault zone and fault activity of the Shionohira Fault, Fukushima Prefec-
ture, Japan
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2011 A H 11 HICHE LR ERIGE D OME (LT 411HE LR IcXk->T, WhEHHARABE» S A
ERIARILTEICE S5 14km O XIS, JLAbiEh 5 HAGE T % MR HERT A I Uz, Wi iSEhi3veais & o bW E
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Deformation process of the Miocene Misaki assemblage at Cape Muroto, Shikoku, Japat
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V. ZFTTC, EHREAIRALSD S ILEAK 2200 mOEHIPHOHEE THAMBERHA 21T, WIR & BEMEEEIRIcE & D
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MWHE0—ETRHRIMLTWa. NSOt SAIb?rm B RE T, SAETHICENTWA. ZLT, fiE
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BULEET7 2T Ly Did, ZOKMERDIERICK > TREMO T L— MafHinE iz, ZOR, FEANCHER U 7z
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Interseismic plastic deformatlons at ancient crustal seismogenic zones in the Hidaka met:

morphic belt and Napier Complex

L I
TOYOSHIMA, Tsuyoshi*

LR R

I'Niigata University

Pressure solution-precipitation structures are characteristically abundant in pseudotachylyte-producing fault zones in the H
daka metamorphic belt, Hokkaido, northern Japan (Toyoshima et al., 2004; Wada et al., 2005). The zones occurred at th
lowermost part of upper continental Hidaka crust. Pseudotachylytes formed under granulite-facies conditions (lower continenta
crustal conditions) occur at Tonagh Island in the Napier Complex, Eastern Antarctica (Toyoshima et al., .1999). Seismic faulting
(pseudotachylytes-producing faulting) and plastic deformation (formation of ultramylonite) alternated under lower continental
crustal conditions in Tonagh Island (Toyoshima et al., 1999). | illustrate interseismic deformations related to the Hidaka and
Tonagh pseudotachylytes as examples of ancient seismogenic zones in upper and lower crust, respectively.

Modes of occurrence of the Hidaka pseudotachylytes indicate that seimic slip with pseudotachylyte generation and slow plasti
deformation (pressure solution with precipitation) occurred alternatively and repeatedly in the same fault zones and fault surface
(Wada and Toyoshima, 2006, 2007). Pressure solution-precipitation is likely one of the principal deformation mechanisms for
interseismic plastic deformation and time-dependent strength recovery of fault zones (Wada and Toyoshima, 2006, 2007). Tt
pressure solution-precipitation processes lead to increase in number of grain-to-grain contact and in real contact areas of the fa
surfaces, resulting in healing of the fault zones (Wada and Toyoshima, 2007). Very thin and sharp shear zones filled with ven
fine-grained materials cut the pressure solution-precipitation structures and are cut by pseudotachylytes-producing faults. Tt
shear zones are deformation structures formed immediately before seismic faulting in the upper Hidaka crust.

Granulite-facies ultramylonites are characteristically abundant in and along the Tonagh pseudotachylyte-producing fault zone:
There are two different types of the granulite-facies ultramylonites in microstructures of recrystallized plagioclase grains: type 1
and 2. Type 1 ultramylonites have polygonal medium grains of plagioclase with smooth grain boundaries and very weakly un-
dulose extinction. Type 2 ultramylonites include very fine grains and elongated fine grains of plagioclase with strongly undulose
extinction and irregular grain boundaries. Type 2 ultramylonites occur along granulite-facies pseudotachylytes-generating faul
surfaces and have been cut by fault veins of pseudotachylyte. Some of the granulite-facies pseudotachylytes became type 1 an
ultramylonites, which have also been cut by other granulite-facies pseudotachylytes. These may also be conspicuous differen
between dynamic recrystallization mechanisms of plagioclase immediately before and after seismic faulting.

F—I—F: Ya—RFEETA B, IV aF A b, LR, BEW, s RiE

Keywords: pseudotachylyte, pressure solution, ultramylonite, plastic deformation, interseismic deformation, time-dependen
strength recovery
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Study on heterogeneous structure beneath the Beppu-Haneyama fault zone
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COMBEFREFEDEIICIZZO FEHOMENHEL T3 EZLNSEDT, I NHEZMS C LIZEETH S, AWt
T, BN NI SED S KHAZ RO % T & THIE R FTORSEMEZHEET 52 & 2HNE T %,

T—2EEFBREICIA . JTUNKZOEEREIISIC BN TR bNI b D2 Lz, BHOZOKH MR E TIEEE
PR G 2 E L. BHIE NI NM O LR 21T O S O 2 3t dr Tz B — T AE LT IC 1B AT %
X ORI S ZET, NM OB U 72308 2 M R E W 2 VERL U 7z IIEZ2 0N T A% LK) 25km B2 DR X I st
HMHER LU TRONTRMINNT 2 EEZ 5N, iz, HEREE MIKFEMZEMH I N, TT TR, C
no e MERARE & OBEIC OV CERT %o

T — K R — AR L, R RHE, Sk

Keywords: Beppu-Haneyama fault zone, heterogeneous structure, reflector
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Anomalous seismic wave intensity distribution in the Tokyo Metropolitan area.
Anomalous seismic wave intensity distribution in the Tokyo Metropolitan area.
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The intensities of seismic waves observed at the dense seismic array of the Tokyo Metropolitan Seismic Observation networ
(MeSO-net) inside the Kanto basin, display unusual distribution patterns. In several occasions, the highest intensities are n
observed in the area above an earthquakes hypocenter but appear sifted more than 20 km away. In order to understand the sot
of this unusual intensity distribution pattern, it is crucial to understand how the waves attenuate before they reach the surfac
The attenuation of seismic waves along their path is represented byatiertuation operator that can be obtained by fitting the
observed seismic wave spectrum to a theoretical spectrum usintjrandel. In order to create a high quality dataset, only 1449
earthquakes that are recorded with intensity greater than 0 in the Japan Meteorological Agency (JMA) intensity scale are selecte
from the JMA unified earthquake list from April 1st 2008 to October 2nd 2013. A grid search method is applied to determine
the t values by matching the observed and theoretical spectra.«Tdetd where then inverted to estimate a 3D Q structure with
grid points set at a 10 km spacing. We implemented the 3D velocity model estimated by Nakagawa et al., 2012 and in additior
we set the initial Q values at 100 for the 0 km grids and to 400 for the grids below them. The obtained model suggests average |
values of 56-100 inside the Kanto basin. Furthermore, a low Q zone is observed in the area where the Philippine Sea plate meet
the upper part of the Pacific sea plate. This area is located at approximately 40 km depth, beneath the north-east Tokyo and we
Chiba prefectures and is represented by Q vatu@30. Earthquakes occurring on the Pacific plate pass through this low Q area
inside the Philippine sea plate and are attenuated significantly. The estimated attenuation distribution at the MeSO-net static
for these earthquakes implementing our 3D Q model greatly coincides with the observed seismic wave intensity distribution
Stations where our model predicts high attenuation display low intensity values whereas stations where our model predicts oy
attenuation display high intensities. The implementation of our findings could help towards a better understanding of the damag
area of future earthquakes and mitigate the disaster of the affected areas.

Keywords: Attenuation, Tomography, MeSO-net
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