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As part of the Seismic Array HiKurangi Experiment (SAHKE), we acquired wide-angle reflection / refraction seismic data
using ocean bottom seismometers (OBSs) along a transect across the southern North Island of New Zealand, where the Hik
rangi Plateau subducts westward beneath Wellington. The SAHKE project was designed to investigate the physical paramete
controlling locking at the plate interface beneath the southern North Island and characterize slip processes in a major segment
the Hikurangi system. We deployed 16 OBSs with 5 km spacing off the east coast and 4 OBSs with 10 km spacing off the wes
coast. Controlled airgun sources were shot at every 100 m along a 350 km onshore-offshore transect. Although data from OBS
at shallow depths (100 m) contain large amplitude ambient noise, first arrivals from the airgun sources can be traced up to ove
100 km offset on record sections of most OBSs. We applied first-arrival travel-time inversion in order to obtain P-wave velocity
structure along the 80 km-long OBS profile off the east coast. The velocity structure to 20 km depth was resolved, and the
down going slab was clearly imaged. The final RMS travel time residual is 31.7 ms from 6104 first-arrival travel-time picks. We,
then, picked travel times of reflected waves, and projected reflection points by applying a travel-time migration method using the
first arrival velocity model. Reflection interfaces including the plate interface, the Moho of the Hikurangi Plateau and a possible
interface between the upper and lower crusts are imaged. The thickness of the subducting Hikurangi Plateau crust is 12 km. Ve
fast P-wave arrivals with apparent velocitiesse8 km/s from near the Chatham Rise were observed on OBSs in the east of the
profile. Travel times of shallow refractions can be well explained by the velocity structure of the Hikurangi Plateau. Such fast
P-arrivals may be considered as either PnP, and represent the velocity of the upper most mantle beneath the Hikurangi Plateau
a deeper eclogite layer of the Hikurangi Plateau itself (Reyners et al 2011).
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The wellington region is sited at the southern end of the Kermadec-Hikuragi subduction zone where the Pacific plate subduct
beneath the Australian plate. A detailed crustal and upper mantle structure of the subducting Pacific plate and the overlyin
Australian plate is inevitably important to constrain the physical process of earthquake occurrence. In May of 2011, the secon
phase of the Seismic Array Hikurangi Experiment (SAHKE) was conducted to obtain the detailed subduction structure beneatl
the southern North Island. The transect line was extended from the Wairarapa coast to the Kapiti coast. Data collected from o
the survey line have high signal-to-noise ratios, from which we can easily recognize not only the first arrival phases but alsc
latter phages. The seismic coda waves are interpreted as scattered waves from inhomogeneities in the Earth [e.g., Aki, 196
Array recordings of seismic events are useful to locate scatterers. In this study, array analysis is applied to the waveform dat
for imaging seismic scatterer distribution, using semblance analysis [Neidell and Tarner, 1971]. In this study we assumed a
isotropic scattering model. To locate scatterers, we established 3-D imaginary grid points beneath the survey area. The veloci
structure beneath the survey area was derived by refraction tomography method [Zelt and Barton, 1998]. This velocity structur
is used to calculate travel times between a source/receiver to a grid point. If a scatterer exists near the grid point, a semblan
coefficient value is expected to be high. The distribution of scatterer was obtained down to a depth of about 30 km. The higt
westward dipping value zone is visible at the depth of about 25 km. A high value zone can be also recognized beneath Kaitoke
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At the Tokachi-oki region, one of big question for recurrent large thrust events is why the source area of the 2003 Tokachi-oki
(M 8.0) was smaller than the 1952 event (M 8.2). Although these hypocenters are almost similar position, these slip amount:
significantly differ, especially at the eastern patch of the Tokachi-oki segment [Yamanaka and Kikuchi, 2003]. Hereafter we call
this patch as the segmentation area. At the segmentation area the largest amount of coseismic slip of 7 m took place amol
the previous event [Hirata et al., 2003] However, the corresponding area didn’t slip among the latest one. We focused on th
difference in slip amount of them at the segmentation area even though they are recurrent events each other, and expected the
comes from an especial physical condition on the plate interface at the corresponding area. One of approaches to confirm itis
research the spatial variation of the plate interface reflectiveness which reflects a physical property on the interface such as tl
interplate coupling strength.

We continued analyzing an airgun-OBS experiment data obtained along the trench parallel profile, including the segmentatio
area in August 2010 [Azuma et al., 2011]. We applied a travel time inversion for first arrivals [Fujie et al., 2006] and, subse-
quently, a travel time mapping method was used for travel time of reflected waves [Fujie et al., 2006].

The result reveals that the plate interface is more reflective at both the Tokachi-oki and the segmentation areas than at tt
Nemuro-oki area. This clear reflectiveness implies the presence of a low seismic velocity layer at the corresponding areas, whic
is possibly the water contained sediment layer on the plate interface. On the other hand, we found that the weaker reflectiv
section at the Nemuro-oki is included in the predictive Nemuro-oki source area. These features agree with the previous seism
research at the Tokachi-oki [Azuma et al., 2007] and the Nemuro-oki [Nakanishi et al., 2004]. The segmentation area is probabl
an area not similar to a place ruptured by the thrust events with 50 years recurrence interval, such as the 2003 Tokachi-oki ar
the 1973 Nemuro-oki thrust events, so-called "regular” earthquake. We interpret that the segmentation area probably slips quas
statically or ruptures as a more long-term asperity that can excite great tsunami, such as the 2011 Tohoku giant thrust. We infe
that the 1952 Tokachi-oki thrust was an especial event which has the characteristic slip of "tsunami” earthquake in addition tc
that of regular earthquake.
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The 2011 off the Pacific coast of Tohoku earthquake occurred on 11 March 2011 in the subducting Pacific plate boundary ir
northeast Japan. This earthquake caused many induced earthquakes in land areas. The strain accumulation process due to il
plate coupling should have a large effect on inland shallow earthquakes that occur in the overriding plate. Investigation on the
crustal structure is the key to understanding the stress concentration and strain accumulation process. In this study, we estima
the seismic velocity structures of the crust beneath the Japanese Islands by using receiver function analysis, and compared th
with seismic activities in land areas.

We searched for the best-correlated velocity structure model between an observed receiver function at each station and sy
thetic ones by using a grid search method. Synthetic receiver functions were calculated from many assumed one-dimension
velocity structures that consist of four layers with positive velocity steps. Observed receiver functions were stacked without con-
sidering backazimuth or epicentral distance. Telemetric seismographic network data covered on the Japanese Islands and sevi
temporal dense seismographic stations are used. We selected events with magnitudes greater or equal to 5.0 and epicentral
tances between 30 and 90 degrees based on USGS catalogues. Data analysis was performed separately before and after the .
mainshock occurred.

As a result, we clarified spatial distributions of the crustal S-wave velocities. Average one-dimensional S-wave velocity
structure estimated from analyzed stations is approximately equal to the IMA2001 structural model although the velocity from
the ground surface to 5 km in depth is slow. The low velocity distributions correspond to thick sediment layers in several plain
and basin areas. The velocity perturbations in the crust are consistent with existing tomography models. There are low-velocit
zones corresponding to volcanoes in the upper crust to the crust-mantle boundary. In contrast, non-volcanic mountain foothill
are relatively high velocity zones.

Many crustal earthquakes have occurred around the edge of the high or low velocity region; Earthquakes which occurre
before the 2011 mainshock were located mainly around low velocity zones whereas earthquakes induced by the 2011 mainsho
tend to occur around high velocity areas. This suggests that there is a correspondence between the structure to generate ea
guakes and stress state in the crust. Furthermore, a comparison of the upper crustal structure before and after the 2011 mainsh
suggests that the forearc side and backarc side of northeastern Japan arc changed to higher and lower velocities in some areas
spectively. However, this kind of velocity changes might be due to other effects such as the difference of used seismic waveform
and/or changes of velocity polarizations. We will clarify the cause of changes in the estimated velocity structure in the further
studies.
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Crustal resistivity structure at the western extension of Kannawa Fault
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Velocity profile along the Boso peninsula: result of Boso 2002
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Estimation of velocity discontinuities in and around the swarm seismicity region beneath

the Kii Peninsula (Part 2)
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Seismic structure of the locked-sliding transition on the plate boundary beneath the soutr

ern part of Kii Peninsula
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HIRATA, Naoshtt
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The Nankai trough region, where the Philippine Sea Plate (PHS) subducts beneath the SW Japan arc, is a well-known sei
mogenic zone of interplate earthquakes. The most recent great earthquakes occurred in 1944 (Tonankai Earthquake, M=7.9) &
1946 (Nankai Earthquake, M=8.0). Detailed crustal and upper mantle structure of the subducting Philippine Sea Plate and th
overlying SW Japan arc are important to constrain the process of earthquake occurrence. Active and passive seismic experimel
were conducted to obtain a structural image beneath the southern part of Kii Peninsula, southwestern Japan (e.g., Kurashin
et al., 2011). Sixty 3-component portable seismographs, approximately 1 km apart, were installed on a survey line betwee
Shimokitayama and Minabe in the east-west direction. To improve accuracy of hypocenter locations, we additionally deployec
six 3-component seismic stations around the survey line. Waveforms were continuously recorded during a five-month period fron
December, 2009. The continuously recorded data were divided into event files, starting from an origin time determined by the
Japan Meteorological Agency. In October of 2010, a deep seismic profiling was conducted in the southern part of Kii Peninsula
In this experiment, 290 seismometers were deployed on a 60-km-long line between Shimokitayama and Minabe in the east-we
direction with about 200 m spacing, on which five explosives shots were fired as controlled seismic sources. In order to obtain
high-resolution velocity model, a well-controlled hypocenter is essential. Due to this, we combined the seismic array data with
permanent seismic station data. We used 41 permanent seismic stations in the present study. Permanent seismic stations obse
the controlled seismic signals as well as natural earthquakes. We picked P- and S-wave arrivals of 677 events, including 671 loc
earthquakes and 6 explosive shots. The arrival times for the first P- and S- waves obtained from local earthquakes and explosi
shots were used in a joint inversion for earthquake locations and three-dimensional Vp and Vp/Vs structures, using the iterativ
damped least-squares algorithm, simul2000 (Thurber and Eberhart-Phillips, 1999). The depth section of Vp/Vs structure show
the lateral variation of the Vp/Vs values along the top of the PHS. Clustered low-frequency earthquakes are located in and aroun
the high Vp/Vs zone.

goooo:ggbboboooooo,bo0booooob,bo0o,jgooboboooooon
Keywords: philippine sea plate, seismic tomography, transition zone, Nonvolcanic deep low frequency tremor

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SSS34-P13 go:booboboobo 00:50 210 13:45-15:15

0000000000000 0000000000000
Upper surface of Philippine Sea plate and asperity in the south Ryukyu arc

oooo ™ ooot
ARASHIRO, Yasuhis&‘, NAKAMURA, Mamoru*
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LGraduate School of Science,Ryukyu University

We determined the focal depths of hypocenters of earthquakes near the Ryukyu Trench using the arrival time of the depth phas
and estimated the position of the upper interface of subducted Philippine Sea plate beneath the south Ryukyu arc. The Ryuky
trench is a convergent plate boundary extending about 1200km from Kyusyu to Taiwan. The Philippine Sea plate is subductin
at a rate of 5- 7 cm/yr northwestward. The seismic coupling is assumed to be weak. However, recent observations showed th
the plate interface is regionally coupled along the Ryukyu Trench. The occurrence of very low frequency earthquakes and slov
slip events are implicated as the locked plate interface. Fine structure of the subducted plate interface is important to estimate tl
pressure and temperature condition of the coupled and decoupled zone, which inform us what is the essential parameter for t
formation of interplate coupling in the Ryukyu trench. However, depths of the hypocenters have large errors for the hypocente
determination near the Ryukyu Trench region because the seismic stations are limited to the islands and far from the trench. W
relocated the hypocenters of earthquakes using the arrival times of the sP phases. The sP phase is the S-to-P converted pt
at the seafloor. The phase velocity of the sP phase is the same as that of the P phase. The particle motion of the sP phase
dominant with vertical component. Using the sP-P delay time, we can estimate the accurate focal depths. The waveforms :
the JMA stations are used for the analysis. We used the earthquakes whose magnitudes were over 3.5. We selected two are
southern Iriomote area and southern Miyako area. For the southern Iriomote area, we selected the earthquakes which occurr
in the range of 123.4E to 124E, and 23.2N to 23.5N. The epicentral distances of earthquakes range from 87km to 120km fror
Iriomote Island, and sP-P times are at the range of 0.64- 5.98s. The other is the southern Miyako region ranging from 125E t
125.4E, and 23.7N to 24.4N. The epicentral distances of the earthquakes range from 35- 113km from Miyako Island. First we
picked the arrival times of the sP phases from the waveforms. sP-P times in the events which occurred in the south Iriomote are
and south Miyako area are 0.64- 5.98s and 0.72- 4.11s, respectively. Second we computed the focal depth of earthquake usi
sP-P time delays. The 2D velocity structure was employed for the calculation of the sP travel times. And sP-P times of the event
in the southern Miyako region 0.72- 4.11s. Then we estimated focal depths using sP-P time delays. The results show that the foc
depths are 7.1- 26km in the Iriomote area, and 6- 20.3km in the Miyako area. Next, we relocated the hypocenters using P, S, ar
sP arrival times. The relocated hypocenters are distributed at the depth range from 5- 20km in the southern Iriomote region ne:
the trench, while the hypocenters are at the depth range of 35- 50 km by the JMA catalogue. in this area. In the southern Miyak
region, The hypocenters are distributed at the depth from 5- 20km, while the hypocenters are at the depth range of 10- 50kt
by the JMA catalogue in this area. The strike-slip faulting type earthquakes are dominant at the south of the Iriomote Island
Since the relocated depth of the earthquakes are 5- 20km and these are in the subducted Philippine Sea plate, the earthque
occurred in the Philippine Sea plate. Thus, the estimated depth of the plate interface is shallower than that estimated using tt
usual hypocenter catalogue. And, if the estimated depth is shallower, we consider that temperature and pressure are higher tt
before.

00o000:00D00000o00O,depthphasd] 00 00,000
Keywords: Philippine Sea Plate, depth phase, relocation, asperity
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Three-dimensional P-and S-wave velocity structures in the southwestern Ryukyu arc, an

its relationship to repeating slo
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Seismic Exploration along a longitudinal profile in the central part of Kyushu, 2011 - The

outline of the experiment -
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MIYAMACHI, Hiroki *, OHKURA Takahir@, KATAO Hiroshi?, MATSUMOTO Satoshi, Iwasaki Takays, KURASHIMO
Eiji*, OIKAWA Jun*, UEKI Sadaté, HIRAHARA Satoshf, Research Group for Explosion Seismology in Kyushu2011
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Prevention Research Institute, Kyoto Universttigarthquake Research Institute, The University of Toky@aduate School of
Science, Kyushu Universit§Graduate School of Science, Tohoku University

Seismic exploration using artificial sources was conducted in Kyushu, Japan in November, 2011, in order to clarify the detailec
velocity structure in the crust beneath Kyushu. Our seismic profile runs longitudinally across the central part of Kyushu, and the
Beppu-Shimabara graben and the Aso caldera are located in the middle part of the profile. Geologically the north and middI
parts of the profile are widely covered by the volcanic rock group. On the other hand, the Chichibu Belt and the Shimanto Belt,
which are composed of the sedimentary rocks, are distributed in the south part of the profile.

On the about 152 km long profile, we deployed 535 temporary seismic stations and 7 shot points with charges of 100 tc
300 kg dynamite. The seismic stations, located mainly in the middle part of the profile, equipped a 4.5Hz vertical component
seismometer and a portable data logger "LS-8200SD”. The other stations located in the north and south parts have a 2Hz vertic
component seismometer and a portable data logger "LS-8000SH” or "LS-8200SD”. Seismic waves are digitally recorded by
the loggers with a 250Hz or 200Hz sampling. The locations of the stations and shots are basically estimated by the handy GP
instrument.

The shots were fired on November 28, 2011. We can successfully observe the seismic signals generated from each shi
However, it is found that the signals from the shots S1, S2, S3, and S7 located in the north and middle part of the profile are
greatly attenuated due to the thick surface layer of the volcanic rocks. And also no obvious reflection waves are observed. O
the other hand, the refraction and reflection signals from S4, S5, and S6 in the south part, can be clearly observed. Itis suggest
that preliminary travel time curves obtained from all shots are well correlated with the surface geology.

We installed the 8 hours long recording time schedule to the potable logger, and aimed for detecting seismic waves derive
from micro earthquakes. We can fortunately observe the seismic waves generated by some micro earthquakes occurred near
profile. These data may be available for validate the velocity model estimated from the travel time data.

ooooo:00,0000
Keywords: Kyushu, Velocity structure
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Relationship between half-graben and high-velocities area at depths of 10km 5
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Reprocessing of 1988-90 Seismic Reflection of the Beppu Bay and the Bungo Stra

: A new attempt
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Preliminary results of SAHKE Il low fold seismic reflection profile across the Wairarapa
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