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Abstract
A wide-angle seismic survey, combining ocean -bottom seismometers (OBS) and multi -channel seismic (MCS)
profiling, was implemented in the southwestern Ryukyu subduction zone during August and September 1995.
In this paper, we present the data analysis of eight OBSs and the corresponding MCS line along profile
EW9509-1 from this experiment. Seismic data modeling includes identification of refracted and reflected arrivals,
initial model building from velocity analysis of the MCS data, and simultaneous and la yer -stripping
inversions of the OBS and MCS arrivals. The velocity -interface structure constructed along profile
EW9509-1 shows that the northward subduction of the Philippine Sea Plate has resulted in a northward
thickening of the sediments of the Ryukyu Trench and the Yaeyama accretionary wedge north of the trench. The
boundary between the subducting oceanic crust and the overriding continental crust (represented by a velocity
contour of 6.75 km/s) and a sudden increase of the subducting angle (from 5 degrees to 25 degrees) are well
imaged below the Nanao Basin. Furthermore, velocity undulation and interface variation are found within the
upper crust of the Ryukyu Arc. Therefore, the strongest compression due to subduction and a break -off of the
slab may have occurred and induced the high seismicity in the forearc region.

Introduction

Crustal structures imaged by ocean-bottom
seismometer (OBS) data using air-gun sources
generally fill gaps between shallow structures
obtained from multichannel seismic (MCS) profiles
and deeper structures obtained using earthquake
seismology in the marine environment. Several OBS
surveys in the northeastern, middle and southwestern
Ryukyu subduction zones were successfully
implemented for imaging of the crustal structure s
in 1984, 1988 and 1985/1995, respectively
(Figure 1). An OBS velocity model of 1984-2
(Iwasaki et al., 1990) shows that the subducting
angle changes from about 5 degrees to 10 degrees
below the southeastern part of the sedimentary wedge
in the northeastern Ryukyu subduction zone. It was

also found that the continental crust at the collision
front is deformed and dragged down by subduction
of the oceanic crust. On the other hand, the
subducting angle in an OBS velocity model of
1988-2A in the middle Ry ukyu subduction zone is
uniform and about 5 degrees (Kodaira et al., 1996).
The first OBS survey in the southwestern subduction
zone was conducted in 1985 by Hagen et al.
(1988). Their results illustrated the northward
subduction of the PSP beneath the Ryukyu Arc but
were not well constrained in the lower crust. Although
OBS data acquired in the Ryukyu Arc have provided
reliable P-wave velocity models of the crustal
structures, the intra-crustal interfaces and the
sedimentary structures could not be well imaged due
to weak air-gun shots, insufficient trace spacing and
a lack of combined MCS data in the experiments.



Using a large air-gun array and incorporating MCS data, three profiles of the OBS data (EW9509-14,
EW9509-16 and EW9509-23) were acquired in the southwestern Ryukyu subduction zone (Figure 1). An
OBS velocity model of EW9509 -14 (McIntosh and Nakamura, 1998) shows that the thickness of the
Ryukyu Arc basement (velocity > 5 km/s) and the subducting Philippine Sea Plate (PSP) below the
Nanao Basin (intersection with EW9509 -1) are 10-12 km and 8-12 km, respectively. Results from
modeling the OBS data of profile EW9509-16 (Wang and Chiang, 1998) suggest that the thickness of the
Ryukyu Arc basement (5.5-6.75 km/s) and the sub ducting PSP crust (6.75-7.75 km/s) are 10-15 km and
8-12 km, respectively. An OBS velocity model of EW9509-23 (Yang and Wang, 1998) off southeastern
Taiwan shows that the thickness of the oceanic crust (4.5-7.75 km/s) southeast of OBS station 31 is 5-7
km. Northwest of OBS station 31, the crust thickens northwestward.

The previous results of OBS data modeling in the Ryukyu subduction zone have lacked sufficient
constraints on the structural interfaces from the reflected arrivals of seismic data. In this paper, we present
travel-time modeling (Zelt, 1999) of an EW9509-1 MCS/OBS profile parallel to the subduction direc tion.
This modeling approach includes identification of refracted and reflected arrivals, velocity analysis of the
MCS data, simultaneous inversion of MCS ar rivals and the individual phase in the OBS data, and minimum
parameterization of the model grids.




























