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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 aong 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 layer-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 Y aeyama 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 shalow 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 structures
in 1984, 1988 and 1985/1995, respectively
(Figure 1). An OBS velocity model of 1984-2
(lwasaki et a., 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 Rvukvu subduction zone. 1t 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 a., 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
alack 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 (Mclntosh 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 subducting 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 direction.
This modeling approach includes identification of refracted and reflected arrivals, velocity analysis of the

MCS data, simultaneous inversion of MCS arrivals and the individual phase in the OBS data, and minimum
parameterization of the model grids.
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Figure 1. OBS lines, teleseismically determined epicenters (CNSS catalogue), bathymetry and tectonic features in the Ryukyu subduction zone.
Two OBS surveys of the southwestern Ryukyu Arc was conducted in 1985 and 1995 within the area inside the black frame, enlarged in the
illuminated bathymetry (Liu et al., 1998) in the upper left corner. Other OBS experiments in the middle (Kodaira et al., 1996) and northeastern
(lwasaki et al., 1990) Ryukyu Arcs are denoted by the years, 1988 and 1984, respectively, in which they were conducted. The contour interval
of bathymetry is 500 m. In the inset, the OBS stations and the OBS/MCS lines are indicated by open circles and solid lines, respectively. In
particular, only the EW9509-1 seismic line (thicker) with eight OBSs (open circles) is investigated in this study.
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Figuwe 2. (a) Wenical component of the OBS data and (b} selecied amival superimposed on the OBS data from station 12 in the Hoatung Basin.
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Figure 3. (a) Vertical component of the OBS dam and (b} selecied arrivals superimposed on the OBS data from s@tion 11 in the Ryukyo Trench. Weak amivab (white lines) ane not used in

imversion but are considered (o demomstrate the ray coverage shown in Fieure 9.
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Figure 4. (a) Venical component of the OBS data and (b} selecied ardvals superimposed on the OBS data from station 9 oo the nonthern Yaeyama Ridge. For the fisst amrivals an the southern

far-offset. the upper-mande refraction (Pn) can be observed. but the refraction through the crost is weak.
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Figure 5 (a) Vertical component of the OBS data and (b selecied arivals supenmposed on the OB 5 data from siation ® in the Manao Basin. OB5 da@ of this smtion demonstrate that the high

number of amival picks may be due (o s location in the sedimentary basin and ahove the thick upper crust where rays ravel throogh more readily.
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Table 2. Momenclares of refracted and reflected

[5) o'gre - Bua
54

[+

Continued.

phases
Refracdons  Reflections

Upper sediment Psl Fs1P
Lower sediment Ps2 PFs2P
Compacted sediment Ps3 Ps3F
Accretiomary wedge

Upper crase Pal FclP
Middle cruse Pa2 Pc2P
Lowver crust Pa3 PmP
Upper mantk: Fn

Distanca (km)
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Figure 7. (a) Stacked MCS dam along te southem pomion of the EWS50-1 (in the Hoatung Basing, (b the calculred ravel nmes (solid lnes)
superimposed on the sacked secoon and (c) the associaed velcy-interface mode] developed in this study. The thick Iines in (cp are refi ection
points from OB5 data modeling. Velociy contours of 2253 and 4.5 kmds i (e b which comespond to three sedimentary layvers in the Eyokyu
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Table 3. RMS ravel-tine residoal (ms ) for each individoal phase and staton.

OBRS Seation ORs 13 OR5 12 OBs 11 OBs 10 ORE 9 OBRs 8 ORE G ORE 5
Locationikm ) 3668 73572 114199 139323 l69 258 196368 2390064 279584
O set

Phase 5 N 5 N 5 N 5 N 5 N 5 N 5 N 5 N
Fsl 19 37 63 67 60 44 19 14 64 32 0 X X 35 6l
FslF B3 20 36 2§ e 17 17 20 3 _ 3l EH] X X Gl 67
Ps2 - - _ _ 74 3G 7R 3 37 _ 43 45 30 43 X X
Ps2P _ _ 12 2 49 23 _ _ 3 3 33 34 29 1 X X
Ps3 _ _ _ 62 _ 55 2 72 a2 27 62 52 7269
P3P s T4 A2 52 3 32 50 460 _ _ _ _ - -

Pzl B4 _ _ _ 3 _ &5 92 G4 40 40 [
FclP 12 46 43 12 _ _ 3 18 31 15 42 40 _ - _ -
Pa2 0oO8F T T0 49 5% 25 32 68 103 ol s 68 87 A6
Fc2P _ 4 _ _ _ 28 3G 25 37T 45 9 67 _ _ T
Pz 44 39 & W 856 w2 47 68 31 35 _ a7 X 89 _ _
FmiF 43 35 W 93 73 71 69 69 T T4 1 67 _ [t} _ _
Fn 19 35 62 &7 158 88 72 59 76 X X 13 X X

'I" marks the boundary of the southem oceanic cmst and the northemn continental crust. The symbols *X° and ' stand for

unavailable picks doe oo pinch-out sroctures in the mode] and the weak signals in the OB S data, respectively.
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Figure 1. Sedimentary and crostal stmacmres (121 scale) of the Powave velocty and the focal mechansms (Kao et al. 1998} along profile
EWQ509-1 in the southwestern Ryukyu forearc region. Focal spheres are projected onto the seismic profile and their darkened quadrants show
the first mogon of the compressional wave. Emrors of the epicenter and the focal depth of these focal mechanisms are generally less than 5 kmo
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