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Indentation of the Philippine Sea plate by the Eurasia plate in Taiwan: Details from recent marine seismological experiments
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We analyze in this study a new set of marine data including 3D local tomography, 1992-2008 relocated earthquakes and two recent multichannel seismic lines to characterize the deformation style in the collision area offshore east Taiwan. We have mapped in detail the Mohos of the converging plates as well as the subduction interface with a resolution never reached before. We show that the sharp continental subduction of the Eurasia plate, beneath the middle part of the Central Range, indents the Philippine Sea plate (PSP) as attested by intra-oceanic slicing and incipient subduction of the PSP beneath the east coast of Taiwan. The westernmost part of the PSP slab is probably experiencing a beginning of break-off as attested by NW-trending en-échelon shear zones beneath the southern slope of the southern Ryukyu arc (SRA). These en-échelon shear zones have a sinistral component favored by the "collision-free" subduction of the PSP north of 24°30′N. The down-faulting of the subduction interface forms ramps along which earthquakes clusterize. Three M7 subduction earthquakes occurred offshore Suao city along these ramps with a recurrence interval of about 40 years: 1920 M w 7.7, 1963 M w 7.2 and 2002 M w 7.1 events. The 1966 M w 6.0-7.5 earthquakes sequence likely outlines a WNW-ESE left-lateral intra-slab shear zone. The SRA upper plate accommodates the complex geometry and deformation of the subducting PSP through seismic deformation. Shallow high velocities fringing the Luzon volcanic arc (LVA) beneath the Longitudinal Valley and north of the southernmost Ryukyu forearc basins are interpreted as relics of the LVA forearc basement squeezed in the collision zone. Based on the accommodation of a large part of the convergence through shortening within the PSP and the subsequent segmentation of the shallow subduction interface, we consider that the nucleation of a M w ≥ 8 earthquake along the southernmost Ryukyu megathrust is unlikely.

Highlights

► We have mapped the Mohos and plates interface in NE Taiwan with a resolution never reached before ► Today, the Eurasia plate indents the Philippine Sea plate in central Taiwan ► The subducting Philippine Sea plate undergoes intra-oceanic slicing and tearing ► Subduction earthquakes clusterize on ramps of the subducting Philippine Sea plate ► The nucleation of a Mw≥ 8 earthquake along the southernmost Ryukyu megathrust is unlikely

Introduction

Taiwan represents one of the youngest and most-studied collisional belt in the world (Angelier et al., 1986, Angelier et al., 1990, Biq, 1972, Chai, 1972, Chemenda et al., 1997, Ho, 1986, Huang et al., 2006, Lallemand et al., 2001, Lu and Hsu, 1992, Malavieille and Trullenque, 2009, Malavieille et al., 2002[START_REF] Sibuet | How was Taiwan created ?[END_REF][START_REF] Suppe | Mechanics of mountain building and metamorphism in Taiwan[END_REF][START_REF] Suppe | kinematics of arc--continent collision, flipping of subduction and back--arc 1112 spreading near Taiwan[END_REF][START_REF] Teng | Geotectonic evolution of late Cenozoic arc--continent collision in Taiwan[END_REF][START_REF] Teng | Extensional collapse of the northern Taiwan mountain belt[END_REF][START_REF] Teng | Slab breakoff as a mechanism for flipping of 1118 subduction polarity in Taiwan[END_REF][START_REF] Tsai | Seismotectonics of Taiwan[END_REF][START_REF] Wu | Focal mechanisms and tectonics in the vicinity of Taiwan[END_REF][START_REF] Wu | Recent tectonics of Taiwan[END_REF][START_REF] Wu | Taiwan Orogeny; thin--skinned or lithospheric collision?[END_REF]. The orogen results from the oblique southeastward subduction of the South China Sea (SCS) rifted margin beneath the northern prolongation of the Luzon volcanic arc (LVA) carried by the Philippine Sea plate (PSP). This view reasonably accounts for the geological observations south of 23°N (i.e., southern third of the island), but north of 23°N, singular features add complexities to this simple setting. First of all, the eastward continental subduction of Eurasia plate (EP) beneath the PSP is orthogonal with the southern the forearc basins and the accretionary wedge are probably no older than a few million years in 195 the study area (Lallemand et al., 2001). 196 197

--Tectonic models 198

Several models tempted to account for the main features in this region either based on surface 199 geology and geomorphology [START_REF] Suppe | Mechanics of mountain building and metamorphism in Taiwan[END_REF][START_REF] Suppe | kinematics of arc--continent collision, flipping of subduction and back--arc 1112 spreading near Taiwan[END_REF][START_REF] Teng | Geotectonic evolution of late Cenozoic arc--continent collision in Taiwan[END_REF]Lu et Hsu, 1992;Chang et al., 2000Chang et al., , 200 2003;;Malavieille et al., 2002), on local seismicity and velocity data [START_REF] Wu | Taiwan Orogeny; thin--skinned or lithospheric collision?[END_REF]Lin, 2000; 201 [START_REF] Wang | Lithospheric structure of Philippine Sea 1136 Plate near the western end of Ryukyu subduction zone and some of its tectonic effects[END_REF]Carena et al., 2003;Kim et al., 2006;[START_REF] Ustaszewski | Crust--mantle 1132 boundaries in the Taiwan -Luzon arc--continent collision system determined from local 1133 earthquake tomography and 1D models: Implications for the mode of subduction 1134 polarity reversal[END_REF], on reflection 202 and refraction seismic data (Lallemand et al., 1997(Lallemand et al., , 1999;;Font et al., 2001;[START_REF] Mcintosh | Crustal--scale seismic 1081 profiles across Taiwan and the western Philippine Sea[END_REF], 203 on analog modeling (Lu and Malavieille, 1994;Lu et al., 1995;Chemenda et al., 1997;Dominguez 204 et al., 1998;Malavieille et Trullenque, 2009;) or on geophysical data and global geodynamics 205 (Hsu and Sibuet, 1995;[START_REF] Teng | Extensional collapse of the northern Taiwan mountain belt[END_REF][START_REF] Teng | Slab breakoff as a mechanism for flipping of 1118 subduction polarity in Taiwan[END_REF]Lallemand et al., 2001;Ustaszewski et al., 206 2012; [START_REF] Sibuet | How was Taiwan created ?[END_REF]. The models differ in the northern extent of the SCS slab, the 207 northeasternmost extent of the orogen deformation front, the existence of a pre--existing 208 volcanic arc fringing the Eurasia margin before the collision, the existence or the lack of 209 subduction polarity reversal, or the geometry of the plate boundaries offshore NE Taiwan. A few 210 of them accounts for the deformation below the junction between the SRA and the Taiwan 211 orogen (Lallemand et al., 1997(Lallemand et al., , 2001 ; ;Malavieille et al., 2002 ;Ustazewski et al., 2012). The 212 figure 2 shows a plausible geometry of the EP when removing the PSP modified after Lallemand 213 et al. (2001). The main discussion focusses on the plates existence and/or configuration beneath 214 northern Taiwan. In a recent paper, [START_REF] Ustaszewski | Crust--mantle 1132 boundaries in the Taiwan -Luzon arc--continent collision system determined from local 1133 earthquake tomography and 1D models: Implications for the mode of subduction 1134 polarity reversal[END_REF] consider that the lower crust and 215 the mantle part of the EP subducts eastward up to 25°N (latitude of Taipei) and that all the SRA 216 has been delaminated. The plate configuration at depth together with the eastward component 217 of plates convergence explains why the deformation is paroxysmal offshore NE Taiwan. The 218 geometry of the subducting PSP is also controversial and will be discussed in this study. [START_REF] Teng | Extensional collapse of the northern Taiwan mountain belt[END_REF]et al., ) and in 1963[START_REF] Yu | As said in the text, solutions are sorted according to 1173[END_REF].
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We will now discuss these new results and integrate them into a comprehensive geodynamic 

316

experiments has allowed to achieve a much better resolution than previous studies for shallow 317 levels, decreasing in size in depth (see Fig. 6).

319

The main challenge in this complex region is the discrimination between EP and PSP in the area 320 of interaction, i.e., the collision and subduction interfaces, which are partly located offshore 321 where deep seismic imagery was not reliable before the TAIGER and RATS experiments. We will 322 first point out the main differences of our new dataset with those already published (Rau and 323 [START_REF] Rau | Tomographic imaging of lithospheric structures under Taiwan[END_REF]Lin et al., 2004 ;Kim et al., 2005Kim et al., , 2006 ; ;Wu et al., 2007a ;[START_REF] Wang | Tomographic evidence for the Eurasian lithosphere 1139 subducting beneath South Taiwan[END_REF]Wu et al., 324 2009a&b ;[START_REF] Yu | As said in the text, solutions are sorted according to 1173[END_REF][START_REF] Ustaszewski | Crust--mantle 1132 boundaries in the Taiwan -Luzon arc--continent collision system determined from local 1133 earthquake tomography and 1D models: Implications for the mode of subduction 1134 polarity reversal[END_REF] Central range near 24°N that extends from 23°20'N to 24°50'N [START_REF] Rau | Tomographic imaging of lithospheric structures under Taiwan[END_REF]Wu et al., 336 2007a;[START_REF] Yu | As said in the text, solutions are sorted according to 1173[END_REF]. The map of the « Moho » on Figure 7 
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(2) The crustal root of the LVA (purple crosses on Fig. 7) can be traced at a mean depth of 356 32±3 km up to 24°N and it suddenly deepens to 42±3 km north of Hualien up to 24°20'N.

357

(3) The PSP Moho deepens both northward and westward with a highest slope angle to the 358 west down to a maximum depth of 65 km between 24 and 24°30'N.

359

(4) The LVA is separated from the Central Range by a narrow elongated area of high 360 velocities (see small red dots on Fig. 7), typically 6--7 km/s rising close to the surface (15--361 20 km depth in general but locally up to 10 km immediately north of Hualien). Similar 362 feature has been observed by [START_REF] Yu | As said in the text, solutions are sorted according to 1173[END_REF]. Such narrow high Vp regions (HVZ)

363

have also been mapped in the SRA as far east as 122°40'E beneath the southern slope of 364 the SRA (Fig. 7).

365

( The section 4 (Fig. 9) cuts across the Suao cluster near Taiwan. There, the seismicity still occurs 602 within the subducting slab but also extends throughout the upper plate from 35 km in depth up 603 to the seafloor. The cloud of events outlines a south--dipping high--angle (probably) listric ESE--604 WNW--striking fault. This is in agreement with focal mechanisms which are mostly strike--slip 605 with nodal planes trending N--S (dextral motion) and E--W (sinistral motion). The aftershocks of 606 major events like the « Nanao earthquake » (June 5, 1994, Ms6.1) delineate a rupture along the 607 E--W nodal plane [START_REF] Wu | Taiwan Orogeny; thin--skinned or lithospheric collision?[END_REF]Kao et al., 1998). As said above, the relocated cluster is clearly 608 elongated along an E--W direction from the surface down to 35 km. We thus favor an E--W 609 trending sinistral strike--slip mechanism for the « 1994 Nanao earthquake » as well as for the 610 June 14, 2001 M6.3 event reported on figure 6 and section 4 (Fig. 9). We believe that the 611 presence of this cluster right above the incipient tear within the PSP slab is not fortuitous. We 612 thus propose that the motion along the incipient tear (presumably normal with a sinistral 613 component) transfers a similar stress within the overriding plate that deforms accordingly (see 614 the 1966 seismic crisis above). One may notice that such sinistral component along transcurrent 615 faults is just the opposite that one may expect from strain partitioning within a forearc in a 616 context of oblique convergence [START_REF] Mccaffrey | Oblique plate convergence, slip vectors, and forearc deformation[END_REF]Chemenda et al., 2000). This observation 617 leads us to suggest that strain partitioning localizing on these en--échelon shear zones is not 618 caused by oblique subduction but rather by collision of the PSP with EP south of them and ). This process is still active in the southern part of the island but our observations show 693 that, today, the EP indents the PSP in central Taiwan (Fig. 13) as suggested by [START_REF] Wu | Taiwan Orogeny; thin--skinned or lithospheric collision?[END_REF].

694

The next step is a flip of subduction polarity that is starting in the Hualien region (south of 695 24°20'N) where incipient subduction of the PSP beneath the Central Range has been evidenced 696 (Chemenda et al., 1997).

698

There has been a long debate on the fate of the LVA forearc basement since it is apparently 699 absent all along the Coastal Range (e.g., Malavieille et al., 2002). Based on the root of the LVA 700 which is reported in Fig. 7, we observe that the axis of the LVA is offset in three en-échelon 
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We did not focussed much on the EP deformation since it has been extensively studied using 716 landstations (Wu et al., 2007a(Wu et al., , 2009a)). The new insights provided by our dataset rather 717 concerns the transition between the EP and the SRA and the characterization of the southern the islands than along the contact with the subducting plate. We also use the term "truncation" 722 because the upper plate crust thickens when approaching Taiwan between 122°25'E and

723

121°55'E with isocontours normal to the continental Moho southern edge (Fig. 7). This domain 724 corresponds to the transition between the EP, considered as fixed in Fig. 1, and the SRA moving 725 south at rates 5 to 7 cm/yr. We did not find localized deformation areas such as N--S trending 726 shear zones that would accommodate the southward drifting of the SRA with respect to Eurasia. 
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Furthermore, the shallow subduction interface is segmented into surfaces with trench--parallel 774 lengths smaller than 120 km (distance between east coast and Gagua), typically 60 km or less.

775

The GPS approach is limited by the constraints of using onland stations (same limitation for the 776 seismic approach before using OBS). To test the geodetic solutions would require the suggest that it was close to the Harvard CMT of an analog event : 9/10/1994 M ' W4.9 based on 814 similar arrival times on common seismic stations, see [START_REF] Theunissen | The largest instrumentally recorded 1124 earthquake in Taiwan: revised location and magnitude, and tectonic significance of the 1125 1920 event[END_REF]. This position is 815 very close (< 10 km in horizontal and same depth) of the 31/3/2002 M7.1 thrust event.

816

Hypocenters of earthquakes younger than 1991 were relocated but not those older than 1992.

817

Location of the tomography lines shown on figures 8 and 9. See Table 1 for earthquakes details. 
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Focal mechanism: black (GCMT), gray (Kao et al., 1998) 
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This paper has been greatly improved thanks to Honn Kao and an anonymous reviewer. 

  was first conducted in 2008 using 22 ocean bottom seismometers (15 225 short--period and 7 broadband OBS) and 51 inland seismic stations which have recorded the 226 microseismicity during three months from July 19 to October 24. Then, an active experiment 227 (wide--angle and coincident reflection seismics) occurred in May 2009 using 24 short--period OBS 228 aligned across the SRA system, 6600 inch 3 seismic sources and a 6 km long streamer of the US 229 R/V Marcus Langseth. Given the distribution of Taiwanese and Japanese land seismic stations 230 with respect to the active seismic zones, the passive OBS array was deployed in the forearc area 231 of the SRA on both sides of the active line (see Fig.3has been set to cross the major seismic cluster observed in the forearc area of the 236 SRA, i.e., the Hoping cluster (located beneath the Hoping Rise --see Figs.1 & 4). The main 237 outcomes of the velocity structure along this line (Klingelhoefer et al., 2012) are (1) the presence 238 of a rather thin (5--6 km) subducting oceanic crust overlying a « low--velocity » mantle (7.8 km/s) 239 supposed to be hydrated by hydrothermalism, (2) the low velocities associated with the 240 accretionary wedge can be traced back to the Nanao forearc basin, resulting in an abrupt 241 termination of the SRA basement, (3) a low velocity zone has been detected between the base of 242 the SRA basement and the subducting PSP, and (4) the SRA Moho where the active line crosses 243 has been detected at a depth of about 25 km. 244 245 3.3 --The passive experiment: a new 3D velocity model appendix for further details). Two regions show opposite tendencies, i.e., shallower locations : 288 the Nanao cluster and the rift zone (see Fig.S1 in Appendix). 289 290 These results are in agreement with the shallow seismic activity in the upper crust at these 291 locations (Konstantinou et al., 2011; Lin et al., 2008) and the deeper one in the other areas and 292 especially in the southern Ryukyu forearc region. The comparison of our results and 293 hypocenters determined by the CWB for 27 events associated with well--determined focal 294 mechanisms (see Table 1 for sources), along three reference sections across the Southern agree with the overall subduction context with most subduction--thrust events locating in the 301 upper part of the subducting crust or along the plate interface and the other events showing slab 302 lateral compression at depths larger than 40 km in the uppermost lithospheric mantle as 303 previously mentionned by Kao et al. (1998

  , we obtain a local tomography in the triangular area between Chengkung (50 km 314 north of Taitung), Ilan and Iri--Omote (see Fig.1) that undergoes the maximum strain caused by 315 arc--continent collision. The density of onland and offshore seismic stations during the RATS

  and then examine the various 325 structural domains. All tomographic models have used local earthquakes recorded by CWB and 326 sometimes combined with JMA stations. A few of them have used teleseismic events in addition 327 to local events. Those who have used OBS data get better resolution in the areas where OBS are 328 deployed compared with others like Lin et al. (2004) for example in the SOT or Wu et al. (2009b) 329 in the area offshore SW Taiwan, but only Kuo--Chen et al. (2012) have used a large number of 330 OBS deployed all around the island during more than a year. Those OBS were scarcely spaced on 331 the seafloor whereas those of the RATS experiment were quite dense in the southern show a thicker (up to 50 or even 60 km) crustal root beneath the 335

390( 8 )

 8 Fig.8) compatible with compression in the EP--PSP convergence direction. Such ESE--WNW

6602009b;

  Fig.7). Based on 10 years of onland seismic records, Lin et al. (2004) have identified a channel--

  701 segments mostly offshore the east coast except near 23°25'N where the Chimei volcanic edifice 702 outcrops onshore. The LVA is thus almost fully submerged offshore the east coast. It is possible 703 to trace it below the steep submarine slope north of Hualien at larger depths since it is buried 704 and underthrusted below the Central Range of Taiwan (Figs.7 and 8). The en--échelon pattern 705 may be inherited from the original morphology of the volcanic edifices as it appears south of 706 Taiwan (Fig.1) but also the result of progressive underthrusting of arc slivers as proposed by 707 Malavieille et al. (2002). A singular feature has been evidenced from the new velocity model 708 which is the presence of a narrow high velocity zone (HVZ) west of the LVA. The HVZ also trends 709 en--échelon parallel to the LVA segments. The surface projection of the HVZ coincides with the 710 northern part of the Coastal Range and Longitudinal Valley (we did not investigate the southern 711 part because it is out of our resolved area) as well as the eastern part of the Central Range north 712 of Hualien. We thus propose that the HVZ represent relics of the LVA forearc basement squeezed 713 between the EP and the PSP.

  corresponds with a sinistral strike--slip fault compatible with several focal mechanisms of 731 earthquakes in this region (Fig.4). It has been interpreted by[START_REF] Ustaszewski | Crust--mantle 1132 boundaries in the Taiwan -Luzon arc--continent collision system determined from local 1133 earthquake tomography and 1D models: Implications for the mode of subduction 1134 polarity reversal[END_REF] as the result of 732 the bending of the northern Central range in response to the SOT opening. We suggest that the tear within the subducting PSP (see section 7.1). Since the aftershocks of the 1966 earthquake 738 occurred within the subducting slab and delineated a WNW--ESE left--lateral shear zone, we 739 conclude that there is a strong coupling between the plates in this region. The last point 740 concerning the southern edge of the SRA basement is that HVZ have been found at shallow levels 741 north of the Hoping and Nanao basins. The occurrence of these HVZ together with the 742 "truncation" evidences of the southern edge of the SRA basement argue in favour of relics of the 743 Luzon volcanic forearc (and arc ?) incorporated at the toe of the SRA. We suggest that the former 744 northern passive margin of the SCS was strongly shortened/thickened and then eroded 745 tectonically when the Ryukyu trench propagated westward during the last 5--8 m.y. (Lallemand 746 et al., 2001) and that pieces of the LVA and forearc were accreted at the front of the truncated 747 newly active margin. The baïonet shape of the SRA and forearc basins (Fig.1) is, at least partly, 748 the result of uplift of the SRA basement (Hoping and Nanao rises; see Fig.12) in response to the 749 shortening and thickening of the subducting PSP. Crustal accretion of the former LVA beneath 750 the toe of the SRA basement might also have contributed in the observed uplifted zone. concerns the possible occurrence of great earthquakes (M>8.5) in this 755region characterized by a high seismic rate. We already know that the largest instrumentally 756 recorded earthquake in this region (including Taiwan) reached a moment magnitude 7.7 757[START_REF] Theunissen | The largest instrumentally recorded 1124 earthquake in Taiwan: revised location and magnitude, and tectonic significance of the 1125 1920 event[END_REF]. This event in 1920 occurred at the junction between the Suao and 758 Hoping clusters (Fig.4). Two other large subduction earthquakes occurred since 1920 with a 759 ∼40 yrs recurrence interval in the same area (Fig.4) : the 1963 Mw7.2 and 2002 Mw7.1 events.760Based on our study, we interpret the concentration of the seismicity within both clusters as the 761 result of the down--faulting of the PSP that creates ramps triggering the nucleation of 762 earthquakes along the subduction interface. The upper plate deforms accordingly to 763 accommodate the step--geometry of the subducting plate producing a seismic deformation right 764 above the ramps. Most of the seismic energy thus appear to dissipate along several crustal (or 765 lithospheric) faults cutting through the PSP (Fig.13) and the SRA (Fig.9). Based on interseismic 766 GPS data along the Coastal Range,Hsu et al. (2012) suggest that the aseismic shallow 767 southernmost Ryukyu subduction interface is fully locked. Considering a slip deficit accumulated 768 over 500 years, they predict a potential earthquake magnitude up to 8.7 if the rupture goes from 769 the east coast of Taiwan to the Gagua Ridge. To reach those conclusions, they made the 770 hypothesis that the accumulated strain on the east coast was fully accounted by fault coupling 771 along a unique surprisingly shallow (between 6 and 20 km, see section 2.2) megathrust. Our 772 results clearly indicate that a large part of the slip deficit is absorbed along intra--oceanic thrusts.
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 8185 Fig.5: Hypocenter comparison between CWB and our earthquakes relocation for all earthquakes

Fig. 7 :Fig. 8 : 857 Fig. 9 : 863 Fig. 10 :Fig. 11 : 879 Fig. 12 : 884 Fig. 13 :

 78857986310118791288413 Fig.6 : A: Seismic network used in this study including land and marine stations (in blue) as well
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  ). Details on focal mechanisms are given in Table1.
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	305	When different focal solutions were available for a single event, our selection priority order
	306	was : (1) Kao et al. (1998), (2) CMT Harvard, (3) BATS (Kao and Jian, 1999) for most
		earthquakes except three old events in 1951 (Cheng

Table 1 :

 1 List of parameters and source for focal mechanisms of earthquakes shown in figures 4, 893 5, 8 and 9. BATS means Broadband Array in Taiwan for Seismology, see Kao and Jian (2001) for 894 more details. CMT means Global Centroid Moment Tensor (http://www.globalcmt.org/). The 895 focal mechanism of the 1920 event is unknown but, based on Theunissen et al. (2010), the best 896 candidate for this event is the seismogenic subudction interface. We thus suggest that the 897 shallow--dipping thrust focal mechanism of the nearest earthquake after new 3D relocation, i.e., 898 M7.1 31/03/02 event, is similar to those of the 1920 earthquake. This paper reports the major results and interpretations obtained from the 901 France--Taiwan RATS experiments conducted in parallel with the US--Taiwan TAIGER experiments 902 offshore Taiwan from 2007 to 2009. This is a contribution to the French ANR ACTS Project in the 903 frame of the France--Taiwan LIA ADEPT. We are grateful to ANR, NSC funding agencies, and the 904 precious help of the BRT and BFT staffs as well as the captains, crews and scientific teams of the 905 R/V Yu--Ying 2 and R/V Ocean Researcher 1. Anne Delplanque is warmly acknowledged for her 906 excellent reworking on most figures and Stéphane Dominguez for his unique "french touch" in 907 playing with 3D DEM files. Francis Wu, Hao Kuo--Chen, Wen--Tzong Liang, Stéphanie Gautier and 908 Frauke Klingelhoefer have greatly facilitated the work during marine data acquisition and 909

	899
	900
	Acknowledgements.

processing. They are also thanked for their constructive discussion. We also acknowledge some 910 colleagues from the Géosciences Montpellier laboratory with whom we challenged our 911 interpretations among with Jacques Malavieille, Stéphane Dominguez, Diane Arcay or Théo Berthet.

Basin(Font et al., 2001). Kinematic studies have also shown that the motion of the PSP was

The RATS Project is part of the Active Tectonics and Seismic Hazard in Taiwan (ACTS) French ANR program

TAIGER : TAiwan Integrated GEodynamic Research project between US and Taiwanese teams.

(Ishigaki, Miyako)(Fabbri and Fournier, 1999). South of the arc, a series of forearc basins align

back of a well--developped sedimentary accretionary wedge(Lallemand et al., 1999). The

basement below the forearc basins is characterized by lows (e.g., 10 km deep "hole" 50 km off

Hualien) and highs (promontories) with an amplitude of at least 2 km(Font et al., 2001). One of 189 these basement promontories : the Nanao rise, has been attributed to an uplift caused by the

subducting Gagua Ridge whereas another one : the Hoping rise, closer to Taiwan, is not 191 explained yet. The Ryukyu arc basement ends abruptly at the transition between the forearc 192 basins and the accretionary wedge as first proposed by Font et al. (2001) and later supported by

wide--angle refraction data(Klingelhoefer et al., 2012). According to geodynamic reconstructions,

and are used to build images (Fig.4) and make interpretations. Our relocated depths are, on 286 average, 4.4 km deeper than those of CWB but with large variations from place to place (see

Ryukyu forearc system (Fig.5, see location on Fig.4), shows a seismicty pattern that is more 296 clustered and in better agreement with the expected geodynamics of this region. For example, 297 the Hoping seismic cluster (HC in Fig.4), that was initially located in the upper plate in the

previous studies(Kao et al., 1998; Font and Lallemand, 2009), now mainly concentrates in the

vicinity of the plates interface (Fig.5). Furthermore, we verify that focal mechanisms better

improved the resolution compared with earlier models (see the thin line delimiting the region

where significant rays cross, i.e., >50 rays/cell), we are able to confirm some previous

observations and point new ones :

incipient subduction beneath East Taiwan than a buckling at a larger scale. Indeed, (1) the

maximum amplitude is observed about 30 km off the east coast of Taiwan, (2) the wavelength is

of the order of 100 km whereas it should be closer than 500 km for a 110--140 Ma old

lithosphere and (3) the Huatung crust is limited by the Gagua Ridge to the east. As said above,

compatible with E--W shortening, sometimes with a significant left--lateral strike--slip component

along a steep N15°--trending reverse fault (M7 1951 earthquake on section 2 for example).

5.3--The subducted part of the PSP

homogeneous in this cluster (Font and Lallemand, 2009 and see focal mechanisms on top of

« free » subduction north of them. Such sinistral motion along faults either trench--parallel or

convergence--parallel are likely caused by the present collision between the PSP and the EP 621 south of 24°30'N as discussed byLallemand et al. (1997).

7--Discussion and conclusions

Island (R. Shinjo, pers. comm.). Our new 3D velocity model is not good enough at those great

depths to resolve those questions.

and Iri--Omote islands averages 32±4 km, the thickest portion being truncated along the

southern edge. We use the term "truncation" since generally, the island arcs are thicker below

We thus conclude that the deformation is distributed over a wide zone between the east coast of

Taiwan and Yonaguni Island. The only localized shear zone that we have evidenced trends ESE--

WNW offshore at the latitude of Nanao city (see Fig.1and section 4 in Fig.9). It probably

interaction of the Central Range in depth by the LVA also contributes to this "extrusion

tectonics". Trench--parallel sinistral motion along SRA faults has also been revealed by a M7.5

earthquake in 1966 (Fig.4). We consider that such transcurrent motion along faults, visible in

the detailed bathymetry(Lallemand et al., 1999), might have also been triggered by the growing

deployment of seafloor crustal deformation observatories(Ando et al., 2009). To conclude, the

complex geometry of the subduction interface west of 123°E (northern prolongation of the

Gagua Ridge) does not militate in favour of large ruptures, confirming the conclusions of Kao et

al. (1998) and[START_REF] Theunissen | The largest instrumentally recorded 1124 earthquake in Taiwan: revised location and magnitude, and tectonic significance of the 1125 1920 event[END_REF].

France 170(3), 271--283.

Tectonophysics 466(3--4), 377--394.

10.1016/j.tecto.2012.04.011 
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edge of the SRA in the studied area. We have seen that the thickness of the SRA near Yonaguni