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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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