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Stress states and physical properties along the Nankai Trough plate boundary
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Recent seismic reflection and ocean bottom seismometer (OBS) studies reveal broad regions of low seismic velocity along th
megathrust plate boundary of the Nankai subduction zone offshore SW Japan. These low velocity zones (LVZs) extend to "55 kr
from the trench, corresponding to depths6fL0 km below sea floor. Elevated pore pressure has been invoked as one potential
cause of both the LVZs and very low frequency earthquakes (VLFE) in the outer forearc. Here, we estimate the in-situ pore
fluid pressure and stress state within these LVZs by combining P-wave velocities (Vp) obtained from seismic reflection and OBS
data with well-constrained empirical relations between (1) P-wave velocity and porosity; and (2) porosity and effective mean
and differential stresses, defined by triaxial deformation tests on drill core samples of the incoming oceanic sediment. We use
cores of Lower Shikoku Basin (LSB) hemipelagic mudstone (322-C0011B-19R-5, initial porosity of 43%), and Middle Shikoku
Basin (MSB) tuffaceous sandstone (333-C0011D-51X-2, initial porosity of 46%) that have been recovered from IODP Nankai
Trough Seismogenic Zone Experiment (NanTroSEIZE) Site C0011 ("20 km seaward from the deformation front). Samples were
loaded under a range of different stress paths including isotropic loading, triaxial compression, and triaxial extension. During
the tests, all pressures, axial displacement, and pore volume change were continuously monitored; and ultrasonic velocity ar
permeability were measured at regular intervals.

The relationship between P-wave velocity and porosity for both LSB mudstone and MSB sandstone is independent of stres
path, and is well fit by an empirical function derived by Hoffman and Tobin [2004] for LSB sediments sampled by drilling
along Muroto transect, located "150 km southwest of the NanTroSEIZE study area. The MSB sandstone exhibits slightly highe
P-wave velocity and higher permeability than LSB mudstone at a given porosity.

Based on our experimental results, and assuming that the sediments in the LVZs are at shear failure defined by a critical sta
stress condition, we estimate that effective vertical stress in the LVZ ranges from 15 MPa at 13 km landward of the trench, to 41
MPa at a distance of 55 km. The maximum horizontal effective stress ranges from 41-124 MPa over this region. Excess por
fluid pressure ranges from 15-81 MPa, corresponding to modified pore pressure ratiosilaftbd4-0.73. If LVZ is composed
dominantly of sandstones, both the effective vertical and horizontal stresses would be lower, and the excess pore pressure wol
be higher, with pore pressure ratios lambdad.31-0.90. Our results suggest that the sediments have been loaded under poorly
drained conditions, and that pore fluids support ?°53-91 % of the overburden stress along the base of the accretionary wed;
across the outer forearc. The low effective stress should lead to a mechanically weak plate boundary, and is spatially correlate
with well-located low-frequency earthquakes in the outer accretionary wedge. The heterogeneous distribution of inferred pore
pressure also suggests that fluid sources and drainage are localized and possibly transient.

O O 000 : subduction zone, IODP, NanTroSEIZE, pore pressure, low frequency earthquake
Keywords: subduction zone, IODP, NanTroSEIZE, pore pressure, low frequency earthquake
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The earthquake is a physical process releasing tectonically accumulated stress by shear faulting, controlled by Coulomb failut
criterion. In order to understand earthquake generation, we need to know the fault strength as well as the tectonic stress state in t
Earth’s crust. In the present study we examined the roles of tectonic stress and pore fluid pressure in seismicity changes followir
the 2011 off the Pacific coast of Tohoku (Tohoku-oki) earthquake through the analysis of aftershocks based on the Couloml
failure criterion. Background tectonic stress fields in Northeast Japan are generally characterized by E-W compression. After th
Tohoku-oki earthquake, as expected from decrease in the Coulomb failure function, seismicity in the upper crust of Northeas
Japan decreased except some restricted regions, where we observed many aftershocks with unfavourable focal mechanisms to
background stress fields. Most aftershocks can be regarded as reactivation of pre-existing faults under the background tector
stress field, because misfit angles between observed and expected slip vectors are within estimation errors. By mapping the foc
mechanisms of aftershocks on the 3-D Mohr diagram region by region, we confirmed that the aftershocks occurred on optimall
oriented faults in some regions but on misoriented faults in other regions. The aftershocks on optimally oriented faults indicate
the increase in regional ambient fluid pressure caused by the flow of over-pressurized fluid from a deep reservoir. On the othe
hand, the aftershocks on misoriented faults, which cannot be attributed to coseismic stress rotation, indicate the increase in fau
confined fluid pressure relative to the ambient fluid pressure. The decrease in fault strength due to increase in pore fluid pressu
is one of the physical mechanisms triggering aftershocks.
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Seismic attenuation structures beneath the Hokkaido corner: Arc-arc collision and its re
lation to M"7 inland earthquakes
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1. Introdution

In the Hokkaido corner, the Kuril forearc sliver collides with the northeastern Japan arc. Using data from the nationwide
Kiban-network and a temporary seismic network, Kita et al. [2012, JGR] determined high resolution 3D seismic velocity struc-
ture beneath this area for deeper understanding the collision process between the Kuril and NE Japan forearcs. The results sh
that a broad low-V zone (crust material) with a total volume of 80 x 100 x 50 km"3 anomalously descends into the mantle wedge
area at depths of 30-90 km west of the Hidaka main thrust. On the other hand, several high-velocity zones having velocity o
mantle materials are distributed at depths of 10-35 km, being in contact with the eastern edge of this low-V zone. Two of bound
aries of the high-V zones with the broad low-V zone correspond to the fault planes of the 1970 Mj 6.7 Hidaka and the 1982 Mj
7.1 Urakawa-oki earthquakes, respectively. Inland micro-earthquakes also occur in the low-V zone at depths of -80 km. Kita e
al. [2012, AGU fall meeting] estimated 3D seismic attenuation structure beneath the Hokkaido corner, but data used in that stud
are only from the Kiban-network. In this study, we estimated a detailed seismic attenuation structure by integrating data from
the Kiban-network and those from the temporary seismic network operated by Katsumata et al. [2002], and compared it with the
seismic velocity image previously obtained by Kita et al. [2012, JGR].

2. Data and method

We applied the method of Hada et al. [2011] to waveform data obtained from the Kiban network and the dense temporary
seismic network. We estimated corner frequency for each earthquake by applying the spectral ratio method to the coda wave pe
[e.g. Somei, 2010; Wada, 2010; Mayeda et al., 2007]. We simultaneously determined valuetedthquakes and amplitude
level for the calculated spectra after determining a value of corner frequency. Then, seismic attenuation structure (Q structure
was imaged using«tvalues and tomographic code of Zhao et al. [1992]. Ray paths were calculated by adopting the detailed
3-D seismic velocity structure by Kita et al. [2012]. In the calculation, we also used the geometry of the Pacific plate precisely
estimated by Kita et al. [2010, EPSL]. The study region is 41-45N, 140.5-146E, and a depth range of 0-200 km. We obtainec
57,132 P-wave and 41,251 S-wave spectra from 4,952 event® ()i that occurred in the period from Oct. 2006 to Dec. 2011
(JMA catalog) and Aug. 1999 to Apr. 2001 (Katsumata et al., 2002). The number of stations is 353. Horizontal and vertical grid
nodes were set with a spacing of 0.10-0.3 degree and 10-30 km, respectively.

3. Result

Estimated corner frequencies for earthquakes roughly obey cube-root scaling with seismic moment, stress drop being 0.1-1
MPa. In the Hokkaido corner, obtained image of seismic attenuation structure generally has the same anomalous structure
the detailed seismic velocity structure by Kita et al. [2012]; A broad low-Qp zone are located at depths of 0-60 km beneath the
western area of the Hidaka main thrust, whereas the eastern area of it (Kuril forearc) has very high-Qp values. The low-Q zon
almost coincides to the low-V zone in the collision zone found by Kita et al. [2012]. The fault planes of the 1970 M7.1and the
1982 M6.7 earthquakes are respectively located at the eastern edge of the low-Qp zone. Those tendencies in the image of «
are also confirmed in the image of Qs. Western portion of the low-Qp zone has relatively lower Qp values, where inland type
deep micro-seismicity is active. These results suggest that the occurrence of anomalous deep inland earthquakes in this regior
related with spatial distribution of hydrous minerals or fluids.

gooooD:00b0000,000000o0o,19700 M7.100000000,19820 Me.7000O0O0O
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quake
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The crustal viscosity structure beneath the North Anatolian Fault Zone deduced from

post- and inter-seismic deformation
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Geological meaning of residual velocity fields in GPS strain data inversion
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Recently, we developed an inversion method to estimate unbiased interseismic slip-deficit rates at plate interfaces from ok
served GPS velocity data with an elastic dislocation model [1]. Observed GPS data always include rigid block translation anc
rotations, which cannot be explained by the elastic dislocation model. So, in this method, first we remove the rigid block transla.
tion and rotations by transforming the velocity data into the average strain rates of triangle elements composed of adjacent GF
stations, and then invert the strain rates with a unified Bayesian inversion formula [2]. We applied the method of GPS strain-rats
data inversion to interseismic GPS velocity data (1996-2000) in the Kanto region, central Japan, and obtained unbiased slif
deficit rate distribution on the North American-Philippine Sea and Philippine Sea-Pacific plate interfaces. In the inversion of
strain-rate data, unlike in the direct inversion of velocity data, the obtained slip-deficit rate distribution does not always explain
the observed GPS velocity data well, because they will include some rigid block translation and rotations. In the present analysi:
we found significant residual velocities, which should not be explained by interseismic slip deficit at plate interfaces. From the-
oretical consideration to rotation tensor [1], we may ascribe the residual velocities mainly to rigid body translation and rotation
of tectonic blocks; that is, the south-southeastward translation of the Izu microplate, which suggests plate convergence at tf
incipient subduction boundaries southeast off the 1zu peninsula [3], the anticlockwise rotation of the south Kanto block, and the
clockwise rotation of the Tokai block.
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