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Attenuation measurements of ultrasonic wave in partially frozen unconsolidated sands
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Ultrasonic wave transmission measurements were conducted in order to examine the influence of ice-brine coexisting syste
grown in unconsolidated porous material on ultrasonic P- and S-waves. We observed the variations of a transmitted wave, chan
ing its temperature from 25 degree C to -15 degree C and quantitatively estimated attenuation for unconsolidated porous maters
during the freezing of brine in porous material by considering different distances between the source and receiver transducer
This paper is concerned with attenuation at ultrasonic frequencies of 350-600 kHz for P-waves and 150-250 kHz for S-waves
The waveform analyses for P-waves indicate that the attenuation curves reach their peak at a temperature of freezing point al
gradually decrease with decreasing temperature, which is interpreted as the increase of the ice fraction or the increase of tl
effective bulk modulus of the system. The waveform analyses for S-waves indicate that the attenuation decreases with decreasi
temperature, which is interpreted as the increase of the effective shear modulus of the system due to the increase of cementat
of ice in the frozen sand. The laboratory experiments of the present study demonstrated that ultrasonic waves with such a fre
guency range are significantly affected by the existence of a solid-liquid coexistence system in the porous material. From liquic
phase to around the freezing point, the presence of a partially frozen brine increases both velocity and attenuation. Attenuatic
estimation for P-wave is repeatable and stable while that for S-wave is not. However, the frequency content of S-wave shift:
to higher with decreasing temperature. This implies that the attenuation decreases with decreasing temperature. In terms of
plausible mechanism for attenuation, we must consider the physical interactions between pore fluid, sands, and ice, that is, tl
pore microstructure and permeability in such system is important. Furthermore, several considerations on velocities using sorr
theoretical models are also demonstrated.
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Preliminary study to estimate elastic impedance in ground surface layer
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Hiroyuki Goto, Sumio Sawada and Toshiyuki Hirai: Conserved quantity of elastic waves in multi-layered media: 2D SH case
-Normalized Energy Density-, Wave Motion, 48, pp.602-612, 2011.

Hiroyuki Goto, Sumio Sawada, Yuichi Kawamura, Toshiyuki Hirai and Takashi Akazawa: Definition of normalized energy
density and its application to direct estimation of damping property, The 4th International IASPEI/IAEE Symposium on the
Effects of Surface Geology on Seismic Motion, 2011.
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Performance tuning of the Seism3D, the seismic wave propagation code, for large-scal
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Lateral structure beneath the Izu-Nankai collision zone: Implication of a plate split in the
subducting Philippine slab
Lateral structure beneath the Izu-Nankai collision zone: Implication of a plate split in the
subducting Philippine slab
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On July 5, 2011, an earthquake with a magnitude of 5.5 occurred off the Kii Peninsula in the northern Wakayama Prefecture
in southwest Japan within the subducting PHS plate at depth of around 10 km. The earthquake caused strong shaking in tl
area near the epicenter. We analyzed the waveforms from this earthquake recorded at Hi-net and F-net stations in Japan. St
waveform analyses exhibit most of the earlier observations like dominance of low-frequen®:Z6Hz) onset and following
high-frequency (¢ 2Hz) energy with long coda due to the stochastic waveguide effect of the subducting plate, proposed earlier
by Furumura and Kennett (2005). Interestingly, we observed a clear difference in wave propagation pattern between east and we
of the epicenter. For example, the waveforms for eastern part show S-coda are depleted with high frequency energy as compar
to the western part. The duration of S-coda varies alternatively between high and low from east to west through center of the
epicenter. The central stations show loss of low-frequency precursor to P-waves and presence of converted phases in P-cot
Such complexities in the observed waveforms are difficult to explain due to the radiation pattern of P- and S-waves and/or by
anomalous propagation of seismic waves in existing plate model, indicating sudden lateral change in the wave guiding propertie
of the subducting slab, such as caused by the splitting of the slab as proposed by Ide et al. (2010).

To explain the observations, we employ two-dimensional finite-difference method (FDM) simulations of complete high-
frequency P-SV wave propagation taking thinning of the PHS slab into account. In the plate model we included stochastic
random heterogeneities described by von Karmann distribution function with a longer correlation length of 10 km in horizontal
direction and much shorter correlation length of 0.5 km in depth and standard deviation from background P- and S-wave veloc
ities of 5% following the study of Furumura and Kennett (2005). We expect that the observed guided wave energy decouple:
from the waveguide where the slab is split. Low frequency energy leaks out of the slab in the low velocity mantle surrounding the
slab. Taking into account the distribution of seismicity and focal mechanisms (lde et al., 2010), and receiver function analyse:
(Shiomi et al., 2004) in the PHS plate, we expect a local velocity discontinuity or splitting of the plate at least to a depth of 30 km.
Such a split in the PHS plate structure could also be manifested as non-volcanic tremor sources in the southwest Japan (Oba
2002). The preliminary results, which suggest that the Philippine Sea slab is strongly split or partitioned beneath the Izu-wester
Nankai Trough in southwestern Japan, is the cause of the complicated waves from shallow inslab events. These effects need
be tested further with a 3-D FDM simulation employing high-performance computers with a variety of possible slab geometries.
We finally discuss the implications of the new split plate model on the seismogenic potential of the area and the dynamics of the
Nankai subduction in southwest Japan.

0000 O: philippine sea plate, wave propagation, numerical simulation, coda
Keywords: philippine sea plate, wave propagation, humerical simulation, coda
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Ambient noise tomography in the eastern margin of the Japan Sea, NE Japan
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Seismic inteferometry has been used to estimate subsurface structure. Seismic inteferometry is based on the fact that cro
correlation function of random wavefields observed at a pair of stations contains Green’s function between the two stations
Recently, seismic interferometry has been applied for ambient noise to estimate velocity structure, called ambient noise tomog
raphy. In this study, we applied this method for data of a dense seismic network in the region of the eastern margin of the Japa
Sea. We estimated group velocity under the Sea of Japan and the western part of Tohoku region.

Date are vertical component of continuous record observed at 90 seismic station of Hi-net, JMA, Tohoku University, and
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. Time period of data is 10 months from January 2009 t«
October 2009.

First, we calculated daily cross-correlation function for each pair. We divided day-long data into 287 segments with a length
of 10 minutes and with an overlap of 5 minutes and downsampled the data with a sampling with a sampling frequency of 2C
Hz. Then we corrected instrument response. In order to avoid contamination of outliers such as natural earthquakes and pacl
deficits due to error of data transfer, we did not use the segments that include outliers. Determination of the earthquake we
carried out automatically by using a root-mean-square value of the amplitude. After these procedures, we applied a fast Fouri
transform for data segments and multiply the spectrum of the first segment with the complex conjugate of the second spectrun
The cross-spectra is normalized by spectral amplitude of both segments. We computed averaged cross-spectra over all segme
The daily cross-correlation function is obtained by applying invert Fast Fourier transform for the averaged cross-spectra. Finally
we stacked all available cross-correlations functions for each station-pair during 10 months.

We applied band-pass filter for the cross-correlation functions with three periodic bands 2-5 sec, 5-10 sec, and 10-20 sec. Lin
up of the cross-correlations in order of separation distance between the two stations shows clear seismic wave propagation wi
an apparent velocity of 3 km/s, which corresponds to the fundamental mode of Rayleigh wave. We estimated group velocity ir
the period of 5-10 sec, which the peaks emerge. Group velocity between two stations is calculated by dividing the separatio
distance by the peak time of envelope function. As a first step, we averaged group velocities between certain station and all th
other stations and estimated average velocity for each station. The average velocity of each station is about 2.5-3.5 km/s.

Acknowledgment: This study is a part of 'Multidisciplinary research project for high strain rate zone’ promoted by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT), Japan.
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