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Previously, we investigated the motion of forearc sliver along the southern Kuril trench, using the F2 solution of GPS site
coordinates of GEONET in Hokkaido. Thereafter, newly determined site coordinates called F3 solution have been provided by
GSI. Since the errors of F3 solution are considered to be smaller than those of F2 solution, we reanalyze the motion of forear
sliver using the F3 solution.

We employ a kinematic model which is basically similar to the previous one. It assumes that the observed site velocities in
Hokkaido are affected by the motion of forearc sliver as well as by the slip deficit on the interface of the subducted Pacific plate.
Thus the model parameters are the slip deficits on the megathrust plate boundary, the rate of rigid motion of the forearc sliver, ar
the slip deficits on the boundary of forearc sliver. The slip direction on the megathrust plate boundary at the base of forearc slive
is assumed to be different from that in the surrounding region. In contrast to the previous case in which we dealt with the site
velocities relative to Sarufutsu (950101), a site located at the northern tip of Hokkaido, we deal with the velocities in the reference
frame of ITRF2005. Presuming that the GPS sites are placed on an unknown microplate, perhaps Okhotsk plate, we determit
the Euler vector of the microplate such that the GPS site velocities represented in the reference frame of the miroplate can be
be fit by the slip deficit on the megathrust plate boundary between the microplate and Pacific plate. This is done simultaneousl
with the inversion for the other model parameters. Thus we can deal with the problem without assuming the plate on which the
GPS sites are placed. Moreover, a correction is made for the effect of the slip deficit on the convergent plate boundary along th
eastern margin of the Japan Sea before the inversion, since it became clear in the previous study that the effect is significant. /
a result, the standard deviation of residuals reduced greatly in comparison with the previous case.

As in the previous study, the results show that it is difficult to determine the motion of forearc sliver and the slip direction
of the subducted Pacific plate relative to the forearc sliver independently, though the standard deviation of residuals is reduce
appreciably by allowing for the discrepancy between the slip direction of the subducted Pacific plate relative to the forearc slivel
and slip direction on the megathrust plate boundary in the surrounding region. The model of partitioning of oblique plate con-
vergence cannot explain the inverted correlation between the motion of forearc sliver and slip direction of the subducted Pacifi
plate relative to the forearc sliver. It is suggested that the slip direction on a severely deformed megathrust boundary may nc
simply be represented by the rigid rotation of horizontal plate convergence vector about the local strike of subducted slab.
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Using data both from the nationwide Kiban seismic network and from a dense temporary seismic network covering the are:
of the Hokkaido corner [Katsumata et al., 2002], we precisely determined three-dimensional seismic velocity structure beneat!
this area to understand the collision process between the Kuril and NE Japan forearcs. Tomographic inversions were performe
with smaller grid spacing than our previous study [Kita et al., 2010]. Inhomogeneous seismic velocity structure was more clearly
imaged in the Hokkaido corner at depths of 0-120 km than the previousresult. A northeastward-dipping high-velocity zone with
a volume of 20 km x 90 km x 35km was detected at depths of 0-35 km. This high-velocity zone reaches near the surface at th
Hidaka metamorphic belt. The highest velocity value in the high-V zone corresponds to those of the upper mantle material. The
southern edge of the high-V zone is located just beneath the Horoman-peridotite. On the other hand, a broad low-velocity zon
of P- and S- waves with a total volume of 80 km x 100 km x 50 km is distributed to the west of the Hidaka metamorphic belt
at depths of 30-90km, having velocities of crust materials. This low-V zone consists of several layers of high and low velocities
forming alternate layers, and is inclined toward the northeast at an angle of 40-60 degrees. One of the layer boundaries withi
the low-V zone corresponds to the main fault plane of the 1982 M7.1 Urakawa-oki earthquake. The hanging wall of the fault
plane has anomalously high velocities, while the foot wall low velocities. A considerable number of earthquakes, including af-
tershocks of the 1982 Urakawa-oki earthquake, occur in theis low-V zone at depths of 0-80 km (even at depths of the mantls
wedge), whereas seismicity is very low in other areas. The present observation provides important information to deepen oL
understanding of the ongoing arc-arc collision process and earthquake generation mechanism in the Hokkaido corner.
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Seismic Deformation at the Northern Tip of the Subducting African Plate in SW Turkey
Seismic Deformation at the Northern Tip of the Subducting African Plate in SW Turkey
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We investigate the seismotectonic features resulting directly and indirectly from the interaction between the northeast moving
African plate and the westward moving Anatolian block focusing mainly offshore and onshore of the region between the Fethiye
Bay and the Gulf of Antalya. Our data is the broadband waveforms recorded at the seismic stations run by Kandilli Observator
and Earthquake Research Institute. In addition to these stations we deployed three broadband stations along the Mediterrane
seaside to improve the network coverage so as to constrain better the source parameters of the smaller events taking place
shore. The recorded 3-componet waveforms of the small to moderate size earthquakes were analyzed to determine a seisr
moment tensor for each event. The tectonic implications of the spatial distribution of the events and their focal mechanism solu
tions shed light onto the present geodynamic processes taking place along the Anatolia-Africa boundary zone.

These results points out three distinct patterns of deformation undergoing in the western, central and eastern part of the proje
region. The tectonics in the western part is mainly influenced from the interaction of the motion along the eastern flank of the
Hellenic arc and the southwestward extrusion of Anatolia. The intermediate depth seismic activity along the eastern flank of the
Hellenic arc where predominantly left-lateral strike-slip faulting occurs extends well below the Fethiye Bay and even further
northeast. The piece of knowledge that gives sign for the propagation of the left-lateral motion further beneath the mainland i
based on quite recent data acquired from the Cameli Basin which comes both from the field and seismology. The analysis of tt
data reveals conjugate extensional directions from NW-SE in Mio-Pliocene and NE-SW to N-S in Quaternary up to present. Ir
the western part although the intermediate depth seismic activity exhibits strike-slip faulting the shallow seismicity shows pre-
dominantly normal faulting mechanisms. The central part of the project area undergoes different pattern of deformation where
most of the seismic activity is confined within the crust and the dominant focal mechanisms are strike-slip and reverse faultinc
resulting from north to northeast compression and south- to southeast extension. No normal faulting mechanism events are i
ferred from the seismological data in the central part though the field data points out several recent normal faulting events. Th
tectonics of the eastern part of the project area is influenced mainly from the subduction process along the western flank of th
Cyprus arc. The intermediate depth seismic activity beneath the Gulf of Antalya exhibits mostly reverse and strike slip faulting
resulting from NE compression while the shallow seismic activity show predominantly normal faulting.

Considering the three pattern of deformation we suggest that the western part of the study region is influenced from the nortf
eastward propagation of the eastern flank of the Hellenic arc. Subduction process along the western flank of the Cyprean arc
active and effective beneath the Gulf of Antalya. The central part is a transition between the two where no evidence of subductiol
is observed and this part is probably the most northern tip of the African plate that touch Anatolian block supporting the highly
elevated mountains.
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A wide variety of interplate faulting phenomena have been found in the western Nankai Trough subduction zone around
Shikoku, southwest Japan. The Nankai megathrust earthquake occurred in 1946, followed by the significant afterslip. Long-terr
slow slip events repeated beneath the Bungo Channel in 1997, 2003, and 2009-2010. In addition, short-term slow slip events a
companying deep low frequency tremors occur almost every 6 months. Such a diversity of faulting phenomena may be attribute
to the heterogeneous distribution of frictional properties on the plate interface. Then we infer that those different types of faulting
behaviors should have complementary distribution one another. There have been several studies demonstrating complementa
of the coseismic slip and the following afterslip. On the other hand, spatial relationship between the afterslip and slow slip event:
has not been investigated so far. Thus we analyze leveling, tidal, and GPS records to examine complementarity of various faultir
phenomena on the plate interface after the 1946 Nankai earthquake.

For this purpose, we conduct inversion analyzes of geodetic data to estimate slip distribution during the coseismic (1929-1947
the postseismic (1947-1964), and the slow-slip periods (1997, 2003, 2009-2010). We apply the same geodetic inversion code wi
the same three prior constraints: 1) the slip distribution is smooth, 2) the slip direction is in accordance with the plate motion,
3) the low frequency tremor distribution delineates the deeper limit of the fault slip. Relative weights of prior constraints are
determined by the ABIC minimum criterion.

As aresult, the coseismic slip of the 1946 Nankai earthquake occurred shallower than 20km depth. The afterslip occurred at th
deeper extension, in the depth range of 20-30km, beneath the central as well as the eastern Shikoku. On the other hand, the sl
slip events occur at the depth of 20-40km to the west, and the slow slip area does not overlap with the afterslip distribution. Base
on this analysis, we conclude that the slow slip and the afterslip are spatially separated. Since the 1946 afterslip and the Bung
Channel slow slip events occur in the same depth range, the variability in slip behavior and thus the frictional properties may be
ascribed to the dip angle or some other structural features such as the amount of oceanic sediments, rather than the temperatt
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Afterslip and viscoelastic relaxation due to the 2004 Sumatra earthquake seen from GRA(

gravity field
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Geodetic observations have revealed that a large earthquake can cause post-seismic crustal deformation that continues
more than a decade. Investigating mechanisms of post-seismic deformation gives a clue to infer the stress change in space ¢
time on a plate boundary. To elucidate the stress history is important to identify if we are already in the preparation stage fol
the next event or still in the post-seismic stage of the previous event in the context of earthquake cycle. The diagnosis become
complicated because various mechanisms displaying different stress behaviors have been proposed, such as afterslip, poroels
rebound, and viscoelastic relaxation. Surface crustal deformation data have frequently indicated that contributions from differen
mechanisms are superimposed. The combination of short-term afterslip and long-term viscoelastic relaxation is considered :
a representative mechanism for a thrust-type large earthquake in a plate subduction zone. However, when the epicenter is si
rounded by the ocean, as often seen in island arc, a clear separation is prevented because a sufficient spatial coverage car
be obtained by terrestrial observation to distinguish surface deformations expected from those mechanisms. Recently, GRAC
satellites have detected post-seismic gravity variations due to the 2004 Sumatra-Andaman earthquake. Satellite gravity data c
be obtained over the ocean. In addition, measuring the density redistribution which reflects deformation in a deeper portion o
the earth emphasizes the difference between afterslip and viscoelastic relaxation. In the presentation, we use GRACE data f
2003-2010 and show that afterslip and viscoelastic relaxation by the 2004 event can be effectively separated. To accurately moc
a long-wavelength gravity variation caused by those mechanisms, we develop a spectral finite-element method based on FE
and analytic expression by spherical harmonic tensors. This allows us to consider effects of compressibility of crust and mantle
a strong lateral heterogeneity in the viscosity due to the presence of a slab, and self gravitation in a spherical earth that have n
been simultaneously considered in most previous models. GRACE data are corrected for using ECCO Ocean model and GLDA
hydrological models. Most of the remaining signal can be explained by viscoelastic relaxation for a mantle viscosity of 3 x 10718
Pas. The spatial pattern in the observed gravity field obtained by subtracting the estimated viscoelastic relaxation agrees with th
predicted by afterslip. In particular, the trend expected from afterslip and that expected from viscoelastic relaxation is reverse it
a region over the ocean. This indicates that the both mechanisms are needed to explain the observed data. The superpositior
short-term afterslip and viscoelastic relaxation is consistent also with a result by GPS observation. Our result indicates a validit)
of satellite gravity observation data for studying mechanisms of post-seismic deformation.
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Postseismic deformation due to the 2008 Iwate-Miyagi Nairiku earthquake: follow-up

study
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At 2009 JPGU meeting, we have presented the post-seismic deformation signals associated with the 2008 Iwate-Miyac
Nairiku Earthquake (2008 June 14 JST, M6.8) detected by interferometric synthetic aperture radar (INSAR) analysis using
ALOS/PALSAR data. Due to an orbital change of ALOS, however, only a few INSAR images with small perpendicular base-line
were available at that time, which made our conclusion less accurate. Fortunately, ALOS changed its orbit again and much sho
base-line INSAR pairs became available. By adding those better INSAR images, we have confirmed our previous conclusion ar
point out more detailed characteristics of the post-seismic deformation.

As we have already presented, the post-seismic deformation signal is characterized by length changes in radar line-of-sig
(LOS) to the east of Mt. Kurikoma (KRK), to the south of KRK, around Mt. Amadamori (AMM), and to the east of Mt.Kunimiyama
(KNM). Further INSAR analysis illustrated time-dependent nature of the post-seismic deformation. Also, we found a clear corre-
spondence of the coseismic surface deformation derived from pixel offset technique (Takada et al., 2009) to the post-seismic su
face deformation, with which we can delineate coseismic fault shape. Through this study, we demonstrated that ALOS/PALSAR
has strong ability to detect surface deformation lurking in such a vast mountainous area.

Acknowledgements: PALSAR Level 1.0 data in this study are provided from PIXEL under a cooperative research contract with
ERI, Univ. Tokyo and the Earthquake WG established by JAXA. The ownership of ALOS/PALSAR data belongs to METI/JAXA,
Japan.
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Determination of fault plane solutions of small events in Hokkaido associated with the

motion of Kuril fore-arc sliver
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In order to find the evidence of transcurrent movement of fore-arc sliver along the southern Kuril trench, we determined the
fault plane solutions of smaller events using the method developed by Imanishi et al.(2006). We used P- and SH-wave ampli
tudes as well as P-wave polarity and determined fault plane solutions with magnitude range from 2.0 to 3.5 and the numbers ¢
P-wave polarity data are 10 or greater. Especially we focused on the fault plane solutions along the estimated boundary of tt
fore-arc sliver in Hokkaido. We find the fault plane solutions of strike-slip type with the nodal plane of right-lateral slip along the
volcanic front. While strike-slip events determined by F-net from 1997 to 2009 concentrate around Teshikaga area, those even
determined by this study are distributed along the volcanic front continuously. Around the central Hokkaido where the Hidaka
Mountains and volcanic front intersect, strike-slip types with P-axis trending E-W direction were also determined.

In the western side of Hidaka Mountains, we find the fault plane solutions of thrust and strike-slip type with P-axis parallel
to the trench. Thrust events are distributed along the Conrad discontinuity or within the lower crust of Northeastern Japan arc in
ferred from seismic refraction/wide-angle reflection experiments by Iwasaki et al.(2004). On the other hand, Events of strike-slip
type are distributed within mantle wedge of Northeastern Japan arc. In the eastern side of Hidaka Mountains, we find the faul
plane solutions of reverse type of events with P-axis parallel to the dip direction of descending lower crust due to the delaminatiol
of the crust of Kuril arc.
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