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 .
SSS027-01 0 0:105 0050 220 10:45-11:00

Doodddddoddodooooooooooobbilioooobbbbobbonb

gogddud
Retrieval of tsunami Green’s function from the cross-correlation of continuous ocean
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Application of auto-correlation analysis to the estimation of the seismic basement struc

ture beneath the Noubi Plain
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Seismic interferometry is a recently established method to obtain a seismic response from auto- or cross-correlation of sei
mograms. Claerbout (1968) proposed that the auto-correlation of a transmitted seismogram from a source at depth and a surfe
receiver is equivalent to the reflected seismogram from a surface source and the receiver at the same location. Since seismic
terforometry does not require artificial sources, it recently attracts attention as a new exploration method of subsurface structur
Yoshimoto et al. (2008) applied this method and obtained the basement structure beneath the Kanto Plain.

In this study, we applied the auto-correlation analysis to the strong-motion seismograms of local earthquakes observed at tt
seismic stations in and around the Noubi Plain in order to estimate the seismic basement structure.

The basic procedure is as follows. First, we extracted the transverse (SH-wave) component from the horizontal component
of the record of each station. Then, the acceleration waveform were double-integrated to the displacement waveform after ay
plying a high-pass filtering. At each station, the auto-correlations of the time-windowed displacement waveform were stackec
to improve the S/N ratio. We investigated the frequency and the shape of the high-pass filter, the length of the time-window anc
the effect of normalization of auto-correlation to obtain the suitable result. In addition, we applied the deconvolution process to
remove the source function of each earthquake. Two different procedures, the deconvolution before and after auto-correlatic
were examined.

In the synthesized seismic reflection section, we found some prominent phases with negative amplitudes. We compared tt
section to the 3D velocity structure model beneath the Noubi Plain which was compiled by Aichi Prefecture based on the gravity
map and partially on the seismic reflection and refraction survey and borehole records. The prominent phases correspond to t
reflection from the top of the seismic basement. The dip of the reflector coincides with the dip of the basement of the velocity
structure model, although its depth is slightly deeper than the depth of basement of the model. The reflection section may indicat
the existence of the velocity boundary in the shallow sediment unexpressed in the structure model. The auto-correlation sectic
also agrees with the receiver function section. The auto-correlation shows higher resolution than the receiver function in the dept
section. Therefore, the seismic interferometry is beneficial in exploration of the subsurface structure using natural earthquake
In order to improve the accuracy of the subsurface structure, more dense distribution of seismic stations are needed.

We are grateful to Aichi prefecture, Nagoya city and NIED for the use of the strong-motion seismograms observed in the ares
of interest.
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Deep seismic images revealed by autocorrelation analysis of ambient noise beneath tl
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We obtain seismic reflection images using autocorrelation functions (ACFs) of the ambient noise in the northeastern Japa
subduction zone. ACFs with a time-window length of 120 s are calculated from the continuous seismic records obtained at eac
seismic station during an analysis period of 300 days. The ACFs show some distinct signals with relatively large amplitude with-
out any significant temporal variations during the analysis period. The ACFs show the signals at a large lag time of 20?50 s a
well as a small lag time of 10 s. The lag time of 10 s corresponds to the travel time of the PP reflection arrival from the continental
Moho discontinuity. The signals with the large lag times between 30 and 50 s corresponding to the back-scattered signals fror
the mantle wedge or the plate boundary are identified clearly at stations located in the back-arc side. In the ACF records fror
the fore-arc side stations, weak signals interpreted as the reflection from the plate boundary are apparent in a lag time range frc
20 to 30 s. These results suggest that it is possible to retrieve Green'’s functions reflecting seismic velocity heterogeneity relate
to the subducting Pacific slab from the ACFs. We construct depth migrated images using the ACFs to obtain the reflectivity
profile by assuming that the ACFs represent Green’s functions composed of a random wavefield excited by a stochastic sourc
or scatterers distributed in the vertical or near-vertical direction from stations and that they can be treated as zero-offset seism
traces recorded at each of the stations. The depth migration images show a relatively transparent structure within the subductil
pacific slab, whereas a reflective structure within the mantle wedge characterized by the low velocity zones corresponding to th
wedge flow imaged by 3-D seismic velocity tomography.
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Seismic interferometric imaging from OBS survey data in the plate subduction zone
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K. H. Chen, Rau, R. J., and Hu, J. C. (2009). Variability of the repeating earthquakes behavior along the Longitudinal Valley
fault zone of eastern Taiwan, J. Geophys. Res., 114, B05306, doi:10.1029/2007JBQ05518.
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ATMOSPHERE - OCEAN - SOLID EARTH INTERACTION FROM MICROSEISMS
AND MICROBAROMS AT SYOWA STATION, ANTARCTICA
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Microseisms and microbaroms originated from the Southern Ocean are celarly recorded by both the broadband sesimogray
and infrasound sensor deployed at Syowa Station (39E, 69S), East Antarctica. A continuous images are achieved for the doubl
frequency microseism / microbaroms (DFM) with peaks between 4 and 10 s during a whole season. The peak amplitudes c
DFM reflect the large influence of winter extratropical cyclonic storms (brizzard) in the Southern Ocean. The DFM have rela-
tively lower amplitudes during austral winters, caused by the larger amount of sea ice extent around the Lutzow-Holm Bay with
decreasing the ocean wave loading effects. On the contrary, single-frequency microseism (SFM, with periods between 12 and :
s) can be observable only by seismograph under excellent storm conditions particularly in local winter. On the infrasound data
moreover, long stand signals are identified with harmonic over tones at a few Hz to lower most human audible band. It probably
related to the ice vibrations in the vicinity of the Station. Microseism measurements are a useful proxy for characterizing ocear
wave climate and global storm intensity, complementing other estimates by ocean buoys or satellite measurements. A continuol
monitoring both by broadband seismograph and infrasound observations firmly contribute to the Federation of Digital Seismo:
graphic Network (FDSN) and the Comprehensive Nuclear-Test-Ban Treaty (CTBTO) in southern high latitude, together with the
Pan-Antarctic Observations System (PAntOS) under the Scientific Committee on Antarctic Research (SCAR).
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Seismic structure in the Northwest Pacific basin sortheast of the Ogasawara Plateau
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Numerical simulation of wave propagation in the media based on MRI measurement o

partially frozen brines (Part2)

oo ot
Jun Matsushimé
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The University of Tokyo

We used patrtially frozen brine as a solid-liquid coexistence system to investigate attenuation phenomena in laboratory ex
periments. Attenuation results measured from experimental data are not entirely due to the intrinsic properties of the ice-brin
coexisting system; a component of attenuation due to scattering effects is also included in the estimate. The level of scatterir
attenuation is related to the magnitude heterogeneity of acoustic impedance between ice and unfrozen brine. We obtained a ser
of two-dimensional apparent diffusion coefficient (ADC) maps of the ice-brine coexisting system using a diffusion-weighted
magnetic resonance imaging (DW-MRI) technique. A series of two-dimensional MR slices of the ice-brine coexisting system
exhibits strongly heterogeneous characteristics. The purpose of this study is to characterize scattering phenomena on synthe
data generated from the information of the microstructure of an ice-brine coexisting system. We constructed a synthetic seismi
data set propagating through two-dimensional media based on the ADC maps, and generated synthetic data with a second-ort
finite difference scheme for the two-dimensional acoustic wave equation. Quantitative characterization of heterogeneities of two
dimensional MR slices and correlation with scattering attenuation results is helpful to understand the variation of attenuatior
with azimuth. We quantified the microstructure of an ice-brine coexisting system using spatial autocorrelation functions (ACF)
whose shape is directly related to microstructural spatial changes.
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Analyses of transverse component of teleseismic P-waves recorded at Hi-net stations

oooog
Takeshi Nishimur&t

looooooooon
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Short-wavelength heterogeneities of the structure beneath Japan has been recently well studied by many kinds of analys
such as coda-Q, multi lapse time window analyses, peak time delay analyses and so on. In the present study, we evaluate t
heterogeneity by analyzing transverse component amplitudes of teleseismic P-waves. Using teleseismic P-wave has a merit
that the structure of all Japan are evaluated almost at once, using the same earthquake. Radiation patterns are not necess:
considered. We analyze the data from 2002 to 2009 recorded at Hi-net station by NIED. We measure the ratio of the energy i
transverse component to the total energy of the P-waves, which is theoretically related to the strength of short-wavelength he
erogeneity (Kubanza et al., 2006). The earthquakes with a magnitude of 5.5-6.6 at-d&@dtkm are analyzed, and signals of
P-waves from these earthquakes are band-pass filtered at 0.25-0.5, 0.5-1.0, 1.0-2.0, 2.0-4.0, 4.0-8.0 Hz. We select the data wit
large signal to noise ratio (more than 5), and average the ratios for each station at the five frequency bands. The results obtain
at these frequency bands show the following characteristics: Large ratios, which represent strong heterogeneity, are recogniz
mainly at around the Fossa Magna in the central Japan and the Kanto region. The western boundary of the large ratio to sme
ratios almost correspond to the Itoigawa-Shizuoka tectonic line. We also find large ratios along the volcanic front in the Tohoku
region, and around active volcanoes in Kyushu regions. Small ratios representing week heterogeneity are observed mainly
the northern part of Hokkaido, along the Sanriku coast. The western Japan such as Chugoku and Shikoku districts are most
characterized by week heterogeneity. Slightly large ratios may be recognized along the Median tectonic line in the Shikokt
island. The spatial changes of the ratios, which reflect the generation of transverse component in P-wave, are well matched wi
the geological settings of Japan island.

oodOoD:PO,0000O0DO0ODO,00,00000
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Envelope broadening of S-waves from the inter- and intraplate earthquakes in the nortr

eastern Japan forearc
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l0poooo0o00oo00,?2000000000
Tohoku Univ.,2ERI. Univ. of Tokyo

It is well known that the double-planed deep seismic zone is observed within the Pacific slab subducting beneath the north
eastern Japan arc. Recently, the double-planed structure is also found in the shallow inter- and intraplate seismicity beneath t
NE Japan forearc region. Appearances of observed seismograms are remarkably different between the earthquakes in the up
plane and those of the lower planes: Seismograms of the upper plane events show 1) indistinct direct P- and S- waves, 2) ma
later phases following direct P- and S-waves, and 3) comparatively low frequency. In contrast, seismograms of the lower plan
events show 1) distinct direct P- and S- waves, 2) almost no later phases, and 3) comparatively high frequency. In this stud
we evaluated the difference in the seismograms by measuring a time difference between the onset and the peak amplitude
S-wave envelope, a peak delay time. The peak delay time is mostly controlled by the strength of multiple forward scattering anc
diffraction due to the heterogeneous structure of short wavelength along a seismic ray path.

We analyzed seismograms recorded at the seismic stations in the forearc side of the NE Japan arc. Focal depths of the tar
earthquakes, the earthquakes belonging to the double-planed shallow seismic zone, were determined by using arrival times of
depth phases recognized clearly on the seismograms. We calculated root means square (rms) envelopes of velocity seismogre
of horizontal components in four frequency bands 2 - 4, 4 - 8, 8 - 16, and 16 - 32 Hz to measure the peak delay time (PDT)
The measured PDTs grow as hypocentral distances increase. In order to evaluate the dependence of the PDTs on the hypoce
locations, we corrected the distance dependence of the PDT by taking deviations from a linear regression line of log-PDT again:
log-travel time (delta log PDTSs) in each frequency band.

As a result, it turns out that the earthquakes belonging to the shallow double seismic zone can be divided into two group:
according to the delta log PDTs. The delta log PDTs measured for the interplate earthquakes are significantly large and show r
noticeable frequency dependency. In contrast, the intraplate events are characterized relatively small delta log PDTs. The PD’
measured for the intraplate earthquakes show positive frequency dependence: PDTs are larger for the higher frequency bar
Conspicuous difference in S-wave envelopes between interplate and intraplate earthquakes indicates that the envelope shap
strongly dependent on the hypocenter locations in relation to the plate boundary. We suggest that formation of guided wav
through the low velocity layer along the plate boundary contributes to considerable broadening of S-wave envelopes of the intel
plate earthquakes.

gooooO:00000000O,b00p00oog,soooon
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Waveform effects of the thinning or tearing of the subducting Pacific plate beneath Japar
Waveform effects of the thinning or tearing of the subducting Pacific plate beneath Japar

simanchal padhy, Takashi Furumura Takuto Maeda
simanchal padhly, Takashi Furumura Takuto Maeda

LCIDIR, 2ERI, University of Tokyo*NGRI, Hyderabad
LCIDIR, 2ERI, University of TokyoNGRI, Hyderabad

We studied the detailed distorted structure of the subducting Pacific plate near Honshu in the Kanto district by the use o
waveforms from deep earthquakes recorded at fore-arc Hi-net and F-net stations in Japan. Such waveforms confirm most of tl
earlier observations like dominance of low-frequency onset and following high-frequency energy due to the stochastic waveg
uide effect of the subducting plate, proposed earlier by Furumura and Kennett (2005). However, new observations for most o
the source-receiver paths show the distortion of body waves, when signals traverse the Pacific slab at depths more than 350 k
They include the loss of high frequency energy in P-coda, loss of low-frequency precursor and presence of converted phases
P-coda. Such complexities in the observed waveforms are difficult to explain by existing slab model, indicating sudden latera
change in the wave guiding properties of the subducting slab such as caused by the thinning or tearing of the slab in deeper pa

To explain the observations, we employ two-dimensional finite-difference method (FDM) simulations of complete high-
frequency P-SV wave propagation taking thinning of Pacific slab into account. We expect that the observed guided wave energ
must decouple from waveguide where the slab is deformed or thin. Low frequency energy leaks out of the slab and travels t
the receivers along paths in the low velocity mantle surrounding the slab. Taking into account the tomographic evidence of wea
velocity anomaly of the Pacific slab beneath Honshu and the observations of slab tear in the Pacific plate (Obayashi et al., 200
Kennet and Furumura, 2010), we expect a local velocity anomaly or thinning in the oceanic lithosphere along the 1zu-Bonin arc
that would be compatible with the observations. The preliminary results, which suggest that the Pacific slab is strongly deforme
beneath Honsu, is the cause of the complicated waves from deep events with strong source location dependencies. These effe
need to be tested further with a 3-D FDM simulation employing high-performance computers with a variety of possible slab
geometries.

0O 00 00: slab tears, subducting plate, waveguide, wave propagation
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