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effects of the subducting Gagua Ridge 
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Abstract 

Fhis stud', presents three muhi-channel deep seismic rellection proliles located m the south Ryuk.,,u margin between 
122"3()'E and 123°30'E. where a N-S-trending oceanic ridge, the Gagua Ridge, is entering the subductiol| zone. for 
the purpose of examining the effects of ridge suhduction on structures of the forearc region. Structural leatures which 
correslxmd to different stages of the oblique ridge subduction arc observed. East of 123°E. a shorl-li~ed sequence of 
indentation, tunneling, then resumption of frontal accretion occurred in tile accretionary wedge (the Yaeyama Ridge) as the 
st, bducted portion of the Gagua Ridge swept the o~erriding Ryukyu margin from below along the norlh~ esterly convergem 
direction. Under the forearc basin, the suhducted portion of the Gagua Ridge is upliRing the arc basement to lorm the 
Nanao Basenlent  Rise which separates the sedimentary strata of the Nanao and fast N;.nlao tore,lrc basim,. Results from 
this study suggest that the oblique subduction of the Gagua Ridge has no! only. affected accrethmary ~edge structures but 
also the arc basemen! of the south Ryukyu margin. .//~ 1998 Elsevier Science B.V. All rights resettled. 

K c v w o r d s :  Ryukyu l 'rerlch: West Phil ippine Basin: GilgUa Ridge suhduction:  l~liV, Zlll 

1. Introduct ion 

The Ryukyu margin forms the northwestern 
boundary of the Philippine Sea plate and the Chinese 
continental margin (Fig. I). The Ryukyu Island Arc 
extends over 12(X) kin between Kyushu (Japan) and 
Taiwan. Along the Ryukyu Trench, the subduction has 
been active since the Late Cretaceous (Lc Pichon et 
al.. 1985). At its southwestern extremity, the Ryukyu 
subduction zone terminates m the Taiwan collision 
zone. The geology of  the southern Ryukyu Islands 

• ('orrcspondme author. Fax: 886 2 362 6092. 

is characterized by high-p,'cssurc nmtamorphic rocks. 
Eocene volcanics and limestone, and Lower Micu:cn¢ 
sediments (Kizaki,  1986), while the island of  Taiwan 
was lormed during tile collision of  the Luzon volcanic 
arc and the Chinese passive margin in the last 5 million 
years ¢e.g. He, 1996; Teng, 1990). The present plate 
botmdary between the Eurasia and the Philippine Sea 
plates passes from the Manila Trench. south of  Tat- 
wan, to the Ryukyu Trench, east of  Taiwan, through 
the Taiwan mountain belt. Within this collision zone. 
thrusts arc accommodat ing the shortening between 
the two plates ;.it a rate of  7. I cm/yr in a direction of 
N308 ° (Seno et al.. 1993). 

0t)4t)-1(;51/98/$14,tX) ( 1998 Elsc~k'r ,Science B.V. All  right~ ic~m'~cd, 
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|q~. I. I:~athymetrJc inap o f  the :,,OLithern RyLIkyl l  arc- l rc l lCh ~yM¢lll at the vicmit,,, o f  the ( ;a~ua RM~c (a l ter  l . iu cl al.. 1oge, h}. I~,,.:,hath~, 
ar,.: in ~()O m. I . (x:at ion o f  the T A i C R U S T  nluJtJ-channcl ,,ci:,,ini¢ prolJlc~ |:~WgS()9-] (prof i le  I I. EW'.-).~(Y.)-I~ (pro l i ie  ~'). an,,I I-.\V9.~09-14 
(pro lHc 31 arc ~i~¢n. Th ick  line,, Jl ldicalc IJlc lx~rLion o f  the :4¢J~lllJC profile>, >.11(1~AII ill I~J~,. 2. 5 :II1LI (1. IIl~,Cl ~,ho~A.x Ihu pc(~dynalnic 
f r a m u ~ o r k  o f  IJl¢ t~hilil~pJnc .Seu.-Hura~,ia plate boundary,  l,,ohadl>, arc m 1000-m conlom~.  Rc la thu  COl lwr~cno:  ~¢clor~, m¢ af ter  ,~cno 
ul al. ( 1993 ) . .Map  J~, gcncra lcd u~,ing ( ]M ' I "  (Webs, el and ,Smith. 19()5). 
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()ffshorc cast Taiwan. a 40-60-km-wide accre- 
tionar\: wedge, the Yaeyiuna Ridge, forms the toe 
of  the convergent Ryukyu margin. A series of 30-  
40-km-~a, ide forearc basins were formed between the 
grow.the Yaeyama Ridge and the southern llank of 
the Ryukyu Arc basernent (Fig. 1). Typical con\or- 
gent structures of  the Ryukyu margin extend west- 
ward to about 122°30'E ILiu et al.. 1996a). Further 
Wesl. the deforillatJon front connects the western end 
of  the Ryukyu Trench ttt 23<'N to the northern end 
of the Longitudinal Valley fault near the east coast 
of Taiwan at 24"N. Along this northward-bending 
deformation front, relative convergence is extremely 
oblique (Fig. I). F'rontal accretion is not active in 
this portion of  the accrctionary wedge (Lallcmand 
el al.. 1997). and NW--gE-trending strike-slip faults 
arc obsci'~.ed in the accrotJonarv wedge (l.iu +t al.. 
1996a t. 

Just cast of this bend, the N S-trending Gagua 
Ridge is being subducted beneath the Ryukyu Trench 
ahmg 123"E. as a distinctive re-entrant is observed 
at where the (;agua Ridge intersects the Yaeyama 
Ridge IFig. I). The Gagua Ridge is an aseismic 
ridge about 2 km high and 25 km wide. extending 
from the northeastern corner of Luzon Island to the 
Ryukyu French (Fig. I). The marme magnetic study 
of Hilde and Lee < 1984t seems to suggest that this 
ridge is related to a fracture zone. I lowever, the true 
origin of  this ridge is not known yet. Due to its size 
anti ctmtJnuJty, this ridge separates the western-most 
portitm of the Philippine Sea plate, i.e. the Huatung 
Basin. from the West Philippine Basin. Most of  the 
sedinlcnts supplied from the Taiwan mountain belt 
have bceu deposited in the Huatung Basin, witla the 
R\.uk\u Trench being the only conduit for trans- 
porting the sediments across this ridge to the east. 
resulting in a battlyn'ietric difference of  about 1000 m 
between the West Philippine Basin and the Huatung 
Basin. 

Three inuhi-channel seismic retlection proliles 
c'ollcctcd during the TAICRUST survey In the south 
Rvuk',u nlargin provide details of  the forcarc d e f e r  
ination caused by' the subducted Gagua Ridge. In this 
paper, we present the analyses of  these three seismic 
profiles which are located to the east. west, and north 
of the Gagua Ridge. respectively (Fig. 1). Structural 
features which correspond to different stages of the 
ridge subduction are also discussed. 

2. Data acquisition and processing 

Tim deep seismic retlection data ,.~,erc collected 
by the R/V M a u r i ( ' e  E i v i n g  {cruise EW9509) during 
the TAICRL;ST survey in August and September of 
1995. Thc TAICRUST project it a >,cismic imaging 
I+rogr;.url that utilizes deep seismic rellcction pro- 
Iiles and wide-angle reflection and refraction data 
I rccordcd by both oceiul bottonl scismomctcrs ;.utct 
onland seismic stations) to investigate l he dccp struc- 
ture and geody.namic pnu.'esses of the south Ryt,k).u 
margin arid the l 'aiwan arc continellt collision zc)nc 
(Liu et al.. 1995). The seismic source t,~,ed \vas a 2()- 
airgun array v, ith a total \o lume of ~420 in ~ lircd at 
20-s intervals. 16 s of seismic reflection data reccivecl 
b~. a 160-channel digital streamer 4(RR)m in Length 
were recorded. This data set was processed using 
both SIOSEIS and ProMAX seismic proces,,ing soft- 
',','arc on two SUN SPARe20 workstations al the In- 
stitute of Oceanography. National laiwzm t Ini\ersit\. 

Navigation was provided b\' difl+erential GPS. tir- 
ing data recorded ,,imultaneous t:,IlbcJi_u'd tile R/V 
M a u r i c e  t : 'w ing  and tit the base Mation ut the Na- 
tional Tviwan University. respectixclv, tt+ obtain the 
most accurate ship positioning data. Shot locations 
where further snloothed over a 1(brain time ~ale 
and seismic geometr.~ was assigned based tm a 12.5 
m comnlon-mid-point (('IMP) interxal. Special ef- 
forts haxc been made to derive the best velocit\. 
information l'rom the seismic rellcctitm data. Ahmg 
each prolile, stacking velocitics were intcractix.el) 
analyzed at e\:el'~. 100th ( 'MP ba,,ed on maxinmrn 
selnbhmce of a 6-CMP super-gather. These vcloc- 
it 5' picks ,aerc then intcrpolatcd tilting the sea [leer 
to a regular velocity grid v, ith a ,,pacing o[ 20 
( 'MPs and 48 ins. llorizon xclocit\  zmahscs v, ere 
peH'ormed in order to optimize the slacking \elt)c- 
it 5 lield. Based on the stacking velocit,, lield, lruc 
amplitude rcctwcry ,aii.s applied to correct for spher- 
ical divergence attenuation. Then. Q conapensation 
was derJ\ed froul the inlcr\al velocit\ field and ap- 
plied to c o r r e c t  for inchistic frcquctlcy-dcpcndent 
attenuation. Frequency analysis rc\calcd a frequency 
content centered arouild 40 Hz \~,ith 25 dB offset 
b e l o w 4  I-Iz and abo\'c 70 II / .  iX tllii l i i l lunl pllasc 
(.)rnlsby b;.uld pass lilter wilh Ctililcr frequencies o1 
3 g fl(}-.7() Itz 'aa.is ilpplicd. No lnuliiplc attenuation 
is applied in the sections presented in this ,,tudv. 
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,\ model-based iransforli l  (Naess, 1992) was used 
to weight CMP gathers and a linal stack was pro- 
duced, lr:inally, a migration velocity tield was con- 
structcd hassd on 85G to 75~A of  the inter\al ve- 
locities derived fronl the stackillg velocities, lind 
further lihered between 1480 m/s and 4000 m/s. F;,ist 
explicit Iinits-diffcrence post-stack time migration 
(Soub;.lras, 1992t was performed to gener;,ite linal 
scisiuic sections. 

Three seismic profiles arc analyzsd in this study. 
Prolilc I (line t.:,W9509-1) consists of  9422 shots 
with an aver;,igs shot spacing of  34 Ill and ;,i total 
length of  325 kin (Fig. 2 I. This prolile is located vvcst 
of  the Gagua Ridge and is roughly perpendicular to 
the Ryukyu Trench. ()ill\ the portion south of the 
Ryukyu Arc is discussed ill this study (Figs. 3 and 
4). Piolile 2 (line EW9509-18) consists of 2875 
shots ++ith all a\.elage shot spacing of 53 ill aild ;,i 
total length oF 153 kill. P;,irallel to profile I, it is 
hx:atcd cam of  ills (];.igu;.i Ridgs (Fig. 5). Proli lc 3 
(line FV¢9509-14) consists of  4978 shots with all 
average shot spacing of  37 in and a total length of 
186 kill. It runs paralh.'l to Ills Ryukyu Trench along 
tile axis of the forsarc basin. In this slud~, we present 
only tile eastern half of  the prolile (Fig. 6) where thc 
forsarc basill structure is affected by ills subducting 
(kigua Ridge. 

3. S e i s m i c  i n t e r p r e t a t i o n  

3./. 77u' IflfilipIUtU" Sea plate 

In the southern porlion of  proliles I ;,iild 2 (Figs. 3 
and 5, rcspectivclv ). tils Philippine Sea oceanic crust 
is covered by ;,i thin I;.iy.er ( < 1 s TWT) of sediments. 
The thickness of the ssdiinents increases progres- 
st \el\  noithw;,ud to 2.7 s TWT lit the trench axis. 
Tile top of  the oceanic crust on both sides of  the 
Gagtl;.i Ridge hvwcrs lronl 7 s TW'I" lit the outer rise 
to It) s TWT at the trench axis. A submarine canyon, 
the Tailung (.'anyon, cuts across the southern portion 
of  prolile 1 lFig. 3). It appears to be Ioc;,ited above a 
fraciurs within the oceanic phatc where a one-second 
ol'lsct in the oceanic b;,isenlent is observed. A second 
CaliyOll, tile I lualicn ('anytlu, intersects this prol i lc 
near tile trench axis. Tile thick trench li l ls are inainly 
der i \cd froill the TaJw;.lll l l iourllain belt and lraris- 
ported here b) these two nlajc, r submarine callyons. 

The SUblllllrine canyons are ilot v, ell sxpressed 
sast of  the Gagua Ridge. East of  the Gagua Ridgs 
(around 123°30'E), several volcanoes rise from ihc 
sea floor in the West Philippine Basin. Protile 2 runs 
across one i,lf Stlch cylindrical \olcanoes (betweell 
- 2 8  lind - 3 8  kin in Fig. 5). 

A sub-basement retlection is observed on pro- 
lile I ;,it about 1.5 s TWT bclo,a the top of the 
oceanic basement, between - 6 8  alld --!.5 kill. a.,, 
;,i high-amplitude long-wavelength ietlector (Fi,,e. - :~ }- 
A similar reflector is imaged on piolils 2 betwscn 
--25 lind 0 km (Fig. 5). This sub-basenlsnt rcllcc- 

lion could be Moho. Howevsr, if it is Moho. dus to 
the small time interval (< 1.5 s TWTI hetwsen the 
basement reflection and this sub-b;,iscnlsnt rel]ection, 
tile igneous oceanic crust would bc very thin (less 
Ihlin 5 kin), lind even thinner towiuds Ills trench. 
Previously conducted seismic refraction StllVCVS ~l l-  
shore south Ryukyu (Murauchi c t a l . ,  19681 ;.llld 
north Ryukyu (Ludwig el ;,il., 1973: Iwasaki ct al., 
1990) shmv a strong velocity conti;,ist bctv,.ssn hayer 
2 and laver 3 (5600-70~R) m/sl ;.uld ;.ill abnornl;.illy 
thin ll iyer 3. Therefore, the ct)nlilltlOUS stlb-b;.iscnlent 
rellector imaged tin our seismic proli lss could rep- 
resent tile top of  the oceanic Iii\:er I. whsle;,is the 
Moho, which should lie less than I x TWT deeper. 
is not well imaged. Further south, this suh-bascnlcnt 
reflection is less clearly, imaged but piox ides a realis- 
tic crustal thickiless of  ;,ibout 7 kin. ('rustal \s loci t \  
structures derived froln oceilu bottonl seisnloinetcr 
d;,lta collected ahmg prolilc I iWang st al., 1996) 
nl;,ly provide a beltsr constr;,iint on the interpretation 
of  this sub-basement rellection. 

3.2. 77w Rvukvu Trench and )'uevamu Rid,,c 

1"he Ryukyu "French. at a roughl 5 constant ,,rater 
depth of 6(I{X) m. ix tortuous in tile study area. Tile 
Yaeyama Ridge ix ;,ibout 50 kill wide. with depths 
ranging from 6(XX) ill to 30(10 ill. it is forined by ;.11/ 
hnhricated and fi l lded wedge of  sedinlenis. 

Along proli le 1 (Fig. 4i, ills iopogi;,lphy of Ills 
Ylleyall]il Ridge is charl lctsr i /cd b \  ridges, ctolneS 
and Iroughs. li is di f l icul i  io recognize the pre- 
cise location of the dOcollement tlll fills scisinic 
section. However, it appears thai Most #,)l" the ter- 
rigenous sediments entering tile subductmn zonc ;,uc 
I'rontall~ accrcted. The top of Ihc subducting Philip- 
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pine Sea plate can he traced at depths of 9.5 to 
10 s TWT bcncath the toe of the Yaeyama Ridge 
to about 35 km from the trench axis. then it is 
masked by the water-bottom multiple. The toc of 
the overriding accretionary wedge ix cut by many 
thrust faults while back-thrust faults were developed 
in the northern portion of the accretionary wedge. A 
piggy-back basin lies between the frontal thrusts and 
back-thrusts near the northcrn cdgc of the Yaeyama 
Ridge CFig. 4). 

Along prolile 2 {Fig. 5). the topography of the 
Yaeyama Ridge is characterized by a sudden brcak 
of the trcnch slopc fronl 2 to 10 dcgrccs. A major 
out-of-sequence thrust probably outcrops at the base 
of the steep slope. The sediments south of this 
out-of-sequence thrust are poorly imaged. Again, 
most of the sediments entering the trench seem to 
be frontally accreted. The top of the subducting 
Philippine Sea plate can be traced at depths of 9.5 
to 10 s TWT beneath the toe of the Yaeyama Ridge 
to 20 km frc, nl the trench axis. then less clearly 
at 11--11.5 s TWT to 40 kin. Similar to prolilc 1. 
back-thrusts may affect the northern edge of the 
Yaeyama Ridge. 

3.3. 77+efi+,rearc t~a.~in 

Betv.,een the Yaeyama Ridge and the Ryukyu arc 
lies a lb,'earc basin 30-35 km wide (Fig. I). On 
the southern side. the torcarc basin sediments were 
trapped against the rear ot" the Yaeyanm Ridge whcrc 
the development of back-thrusts has progressively 
thickened the accrctionary w'cdgc (Figs. 4 and 5). On 
the northern side. thc lorcarc basin is bounded by the 
sot, thorn flank of the Ryukyu Arc t Fig. 4). The depth 
of the forearc basin here is about 3600 m. Within 
a horizontal distance of only 26 knl, tim sea floor 
ascends to abot,t I000 m where it reaches the shelf 
of the Ryukyu Arc (Fig. 2). This slope should bc the 
southern boundary of the Paleozoic-Mesozoic base- 
ment of the non-volcanic Ryukyu Arc that formed 
a back-stop against which the Yacyama accretionarv 
complex is built. Few coherent rctlcctions are irnaged 
within the arc basement. 

Profile 3 runs roughly east-west along the axis 
of tile forearc basin. A basement high in the lk~rearc 
basin, aligned with the northv,ard projcction of the 
subductmg Gagua Ridge. divides the forearc basin 

into tile Nanao Basin and the East Nanao Basin 
(Fig. 6). Prolile 1 crosses tile Nanao Basin near its 
center (--38 km in Fig. 6). whereas protile 2 surveys 
the eastern ed-e of the [Last Nanao Basin. 

The Nanao Basin ix about 75 km hmg. Its maxi- 
mum sediment thickness is about 4 s TWT IFig. 6). 
In the western half of the Nanao Basin, sediments are 
almost undeformed with continuous parallel reflec- 
tions lying unconformably on the forearc basement. 
The basement shows a double stepwise arrangenlcnt: 
the basement depth drops from 5.7 to 7.2 s TWT in 
the western part of file Nanao Basra, then deepens 
again fronl 7 to 9.2 s TWT near the center of the 
Nanao Basin where tile basement reaches its deepest 
point (called the Nanao Basement l)eep). Scxeral 
conjugate normal fauhs cut the entire sedimentar\ 
sequences down to the Nanao Basemen! Deep. Fast 
of the depocenter, the basement rises to Iorm a slruc- 
rural high {called the Nanao Basement Rise) which 
separates the Nanao Basin t'rom the East Nanao 
Basin. Sediments are lying conformahl), on top of 
the basement. Numerous w, estward-dipping nomml 
faults cut both the Nanao Basin strata and the forearc 
basement. 

The Nanao Basement Rise is composed of east- 
dipping tilted blocks covered by 0.7 • TWT of recent 
sediments (Fig. 6). I lowever, few coherent rcllcctors 
are imaged within the basement rise and its preci•e 
structure is difticult to see. Eastward. tile basement 
progressively deepens into the East Nanao Basement 
Deep located in the center of ttle East Nanao Basin. 

Unlike the Nanao Basin which consi•ts of mainly 
turbidites from the maiwan mountain belt, tile liast 
Nanao Basin shows a more complicated depositional 
history. Three different depositional units can bc rec- 
ognized (Fig. 6). The oldest unit (unit Ill). lying on 
top of the forearc basernent, consists of a series of 
west-dipping layers that thins from 1.2 s TWT at the 
eastern end of the protile to 0.5 s TWT in the center 
of the East Nanao Basin. then progressively vani•hc,, 
toward the west. Above this dcpositional unit lies a 
sequence of sediments (unit 11t with a similar seN- 
mie signature as the Nanao Basin turbidites. In the 
eastern part of the basin, this sequence i,, rehtti',eh' 
flat and cut by several normal Ikitllts of small cumu- 
lative throw. Its thickness reaches 1.5 s TWT in tile 
center of the East Nanao Basin. Further to the v,e•t. 
this unit is tilted tow+ards the east and cut b,,. imtner- 
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ous east-dipping normal faults as they slide down the 
Nanao basement rise, The mosl recent sedimentary 
unit lunil I) is llal and undeformed. 

4. i)iscussion 

Topographically. the Gagua Ridge appears to end 
in the Ryukyu Trench. However, a re-entrant of 18.5 
km (20 km wide) attests that a portion of the Gagua 
Ridge has already been subducted. Newly acquired 
seismic data confirm that the Gagua Ridge does ex- 
lend continuously northward underneath the thick 
trench lill (Char-Shine Liu. unpublished seismic 
data. 19q7). In the study area, the Ryukyu Trench 
axis is oriented between N270 ° and N2g0 ° while Ille 
relative con',ergence rate bet,a, een the Philippine Sea 
and t'nrasia plates is about 7.1 cm/yr in a direction 

of N308". Given the high obliquity (>50°1 of the 
plate convergence here, the subducted portion of the 
Gagua Ridge should have progressively crepl north- 
westward under the Yaeyama Ridge easl of 12Y'E. 
Ridge subduction has been extensively documented 
in the literature (e.g. Fryer and Smoot, 1985: I,ons- 
dale. 1986: Lallemand and t,e Pichon, 1987: Collot 
and Fisher. 1989: Lallemand et al.. 1991): Von Huenc 
and Scholl, Iq9l'~, LaBemand et al. 119941 described 
the processes related to stlbduclion of an asperity in 
tile following lour stages (Fig. 7). 

la) Initial stage. The overriding plate is a~,sumed 
Io behave as a non-cohesive Coulomb wedge which 
slides frictionally over a rigid base {the subducting 
plate). This wedge obeys the critical roper model 
derived by Davis et al. (1983) and Dahlen (It)84). 

(b) Indentation of the margin. The subduction of 

A~ I N I T I A L  S T A G E .  

B) I N D E N T A T I O N  O F  T H E  M A R G I N .  

C) T U N E L L I N G  P R O C E S S .  

D) R E T U R N  T O  A " I , O W "  D E C O L L E M E N T .  

~'i~.'. ] ~i~.oltlli¢]ll 0(" dll a *per i l y  nubduclioc~. Four  xlages arc ~hov,'~g iB crong-nec~i~mn [~ rc','cM a nhor l -h~cd "~Cqtlu'nUL" 4)} IIR[CC~Ii~li~I1. 

l l l t l l i chn~ ,l l ld ICMII}}I)II,~ll Ol IIDIIU.II i lCCl¢|iol} ~IS, lhC ,3,,l)CrHy i'~ ~,uhductcd Tal'Icr l . a l l cmand  el ~d.. }99A 1 
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the asperity under the accretionary wedge forces the 
d~collernent to move up above the asperity. Thick- 
ening of the prism occurs above the landward flank 
of the asperity. The high friction along this newly 
formed d~Scollement develops a steep frontal slope 
above the trailing ttank of the asperity. 

(c) Tunneling process. While the d,6collement is 
forced in this 'shallow' position, frontal accretion of 
the incoming sediments ceases. Those sediments, in 
the wake of the indenter, are thus easily subducted 
(Ballance el al.. 1989) beneath the newly formed 
decollement and its overlying wedge, leaving a re- 
entrant in the deformation front. 

(d) Return to a mechanically least resistant "basal" 
ddcollement. After a certain amount of penetration 
of the asperity, the &Scollement jumps down to thc 
vicinity of its initial position, restoring a level of 
minimtnn resistance. The older "shallov,." ¢.lecollc- 
lnent is fossilized in the folnl  of  ;.111 out -of-sequence  

thrust. Frontal accretion then resumes. 
The observed structural differences between pro- 

file I and prolile 2 thus can be clarilied. The overall 
shape of the Yaeyama Ridge is a typical accretionary 
wed,,c~, built by' imbrication of frontal units durine 
the subduction process. The internal structures ahmg 
p.'ofile 1 consist of seaward-verging anticlinal ridges 
bounded by' arcward-dipping thrusts that express the 
accretionary nature of the lower slope. In the north- 
em extension of the Gagua Ridge, the re-entrant 
in the Ryukyu Trench and the thickened Yacyama 
Ridge, as observed on the bathymetric map (Fig. II, 
are characteristic of the cessation of frontal accre- 
tion as the dOcollemcnt migrates upward above the 
st, bducted portion of the ridge. The sudden change 
in the steepness of the lower trench slope ahmg 
profilc 2, between 13 and 20 km from thc trench, 
marks the outcrop of the elevated ddcollement. How- 
eve,', frontal accretion within the incoming sediments 
appears to have rcsumed on this seismic profile, at- 
testing t(7 the fact that the ddcollement has returned 
to a basal position. The shallow arcward-dipping 
out-of-sequence Ihrusl which crops out at the base 
of the cliff can thus be interpreted as the pas! ac- 
tivity of a "high" d,&ollernent inherited above the 
subducting ridge. The newly acereted units are un- 
derthrust beneath the out-of-sequence thrusl. The 
arcward extension of this thrus! is unclear on the 
seisrnic section. 

The basement high separating the Nanao Basin 
from the East Nanao Basin is aligned w'ith tile 
northward pro.jection of Ihe Gagua Ridge IFig. 1~. 
'~;e suggest Ihal lhe rise of the basement  imaged 
across Ihe axis of the forearc basins is caused bv 
the subdt,cted C;agua Ridge. The onlap patten1 of 
lhe sediments deposited on the western flank of the 
Nanao Rise suggests that the uplift is syn-sedimen- 
tary. The divergent depositional pattern as well as 
the offsets along the west-dipping normal faults sug- 
gest a stead,,, basenlenl uplift occurring mainly in thc 
later stage of the basin inlill. The western part of the 
Nanao Rise is still aclively uplifting. 

On the eastern flank of the Nanao Rise. the nor- 
real faults hiivu affected both the forearc b;.lserneni 
and the overlying eastward tilted sediments. This 
suggests that the subsidence occurred following the 
uplift, lu the Fast Nanao Basin. the most recent sod- 
ilncnts (unit It arc undisturbed, indicating lhill this 
area is now back to a stable situation. These obser- 
vations lit very well with the hypothesis that the arc 
basement was uplifted by the obliqucl? subducted 
Gagua Ridge underneath. 

Finally. the high obliquity of the plate conver- 
gence may result in strain partitioning within Ihe 
overriding plate ~e.g. Fitch. 1972~. Strike-slip fault 
preferentiallv occurs along the contact belv~ecn the 
accretionary wedge and the consolidated back-stop 
(the arc basement), as has been described along 
the Mentawai Fault off Sumatra (Diament el al.. 
19921. The trenchward extension of the arc ba~,e- 
ment. clear b imaged underneath the Nail;.io [{asill. 
is not well constrained under the accretionat", ',',edge 
tm our smsmic proliles. The back-thrusts al'fccting 
the northern edge of the Yaeyama Ridge might pro- 
,.ide a natural slip plane for a high-angle shear /one 
(Figs. 4 and 5). 

Furthermore. we can see from Fig. I that the East 
Nanao. Nan;to. and Hoping lorearc basins lic with 
step,aise norlhv,.estv,.ard offsets, correlating to tile 
kinks in the bathymetric contours ahmg the southern 
llank of the Ryukyu Arc. The opening of the ()ki- 
nawa Trou,,h~ back-are system n3iuht~ be responsible 
for this southward stepwise pattern of the sot,thorn 
flank of the Ryukyu Arc (I-Isu et al.. 19961. These 
observations may also imply thai a much wider parl 
()t" the Ryukyu mttrgm accommodates the ()blique 
subduction. 
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5. Conclusions 

Multi-channel seismic rcllection protilcs aud 
bathymetric data in the south Ryukyu margin re- 
veal the complicated nature of the lorearc struc- 
tures where the Gagua Ridge ix being subducted 
obliquel} beneath the Yaeyama Ridge. The promi- 
nent re-entrant developed at the toe of the Yaeyaina 
Ridge where the Gagua Ridge miters the Ryukyu 
Trench. shows that thc indentation process is ac- 
tive zll the present time. The analyses t)f two N .. 
S-trending seismic proliles located on either side of 
the Gagua Ridge suggest that the out-of-sequence 
thrust obser',ed in the frontal portion of the Yaeyama 
Ridge on the seismic section to the east of the 
Gagua Ridge nlight be formed duc to the passage of 
the (kigua Ridge underneath the accretiouary w'edge 
following the mwthwesierly direction of plate con- 
vergence. The uplift of the forearc basement which 
separates the Nanao and East Nanao basins to the 
norlh of the re-enlrant, together with the depositional 
and structural patterns of the forearc basin strata, 
suggesl Ihat at least a 100 kil l section of the Gagua 
Ridgc has been subducted, and tile ridge has kept its 
north south-trending conliguration underneath the 
forearc region of the south Ryukyu rnargin. 

Due to the high obliquity of the plate conver- 
eellCC it] the south Rvukvu maroin strain partition- 
ing w.ithil~ the frontal porlioll of the Ryukyu margin 
nut\. ',~ell bc superimf>osed onto the ridge subdue- 
lion. In the accrelionar}, wedge, the ridge subduction 
is l ikely to have a don~inanl control. Further north, 
as the GagLla  Ridgc gets deeply buried (as its depth 
becollles large compared to its height), regiorial tec- 
Ionic lofces, such as the Taiwan arc-continent colli- 
sion occtirring jusl Io the ~est of the stud}, area and 
the opening of the ()kina~Aa Trough back-afc basin. 
should all bc taken into account when examinin- the 
slrucltllCS oI ihc soulh Ryuk}.u illargin. 
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