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introduction

The kinematics of back-arc extension is largely controlled by the dynamics of retreating slabs at depth, including slab detachment and slab tearing [START_REF] Wortel | Subduction and slab detachment in the Mediterranean-Carpathian region[END_REF][START_REF] Faccenna | Subduction and the depth of convection in the Mediterranean mantle[END_REF][START_REF] Govers | Lithosphere tearing at STEP faults: Response to edges of subduction zones[END_REF][START_REF] Jolivet | Aegean tectonics: progressive strain localisation, slab tearing and trench retreat[END_REF]. Slab tearing leads to differential rates of extension that are accommodated in the overriding plate by transfer zones roughly parallel to the retreat direction. Transfer faults [START_REF] Gibbs | Structural evolution of extensional basin margins[END_REF] or transfer zones accommodate lateral different rates of extension or shortening on either side or transfer relative motion. The average relative displacement is parallel to the fault. In the oceans, faults accommodating the offset of spreading along mid-ocean ridges are plate boundaries and the relative motion along them is pure strike-slip: they are named transform faults [START_REF] Wilson | A new class of faults and their bearing on continental drift[END_REF]. Transform faults crossing continents can be mainly pure strike-slip faults such as the San Andreas Fault [START_REF] Atwater | Implications of Plate Tectonics for the Cenozoic Tectonic Evolution of Western North America[END_REF] or have an oblique component like the Alpine Fault of New Zealand [START_REF] Walcott | The kinematics of the plate boundary zone through New Zealand, a comparison of short and long term deformation[END_REF]. The geometry of transfer zones within continental domains away from localized plate boundaries is more complex and often involves the complex association of different types of structures, pure-strike-slip faults, extensional basins or oblique structures within wide transfer zones [START_REF] Burchfiel | Pull-apart » origin of the central segment of Death Valley, California[END_REF][START_REF] Sengör | Cross-faults and differential stretching of hanging walls in regions of low-angle normal faulting: examples from western Turkey, in Continental extensional tectonics[END_REF][START_REF] Morley | Transfer zones in the east African Rift System and their relevance to hydrocarbon exploration in rifts[END_REF] different from transform faults probably because the continental crust is heterogeneous due to its long tectono-magmatic history. The continental crust is also weaker than its oceanic counterpart, especially in the hot environment of a back-arc domain.

In the Western Mediterranean back-arc region, the rigid rotation of the Corsica-Sardinia block, inferred since [START_REF] Argand | La tectonique de l'Asie[END_REF], led to the opening of the Liguro-Provençal Basin with a first rifting stage between 32 Ma and 20.5 Ma and emplacement of oceanic crust between 20.5 and 15 Ma [START_REF] Gattacceca | Miocene rotation of Sardinia: New paleomagnetic and geochronological constraints and geodynamic implications[END_REF]. Most kinematic reconstructions imply a motion along NW-SE transfer zones to allow the rotation of the Corsica-Sardinia block. The transition between the Valencia Basin and the Gulf of Lion has long been described as a transfer zone accommodating different finite rates of extension. It is reported in the literature as the North Balearic Fracture Zone (NBFZ), trace of the Corsica-Sardinia Block during its rotation (e.g. [START_REF] Auzende | The origin of the western Mediterranean basin[END_REF]Rehault et al., 1984;[START_REF] Séranne | Structural style and evolution of the Gulf of Lion Oligo-Miocene rifting: role of the Pyrenean orogeny[END_REF][START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF][START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF]. Although the pre-rift configuration and especially the initial position of Sardinia can be debated, it is doubtless that a significant component of right-lateral motion between 100 and 200 km of relative displacement should be accommodated across this transfer zone, the amount of displacement decreasing to zero northward as the transfer system does not cut the thrust front of the Pyrenees. This system has never been clearly imaged and its structure is thus still elusive. The NBFZ can be drawn, for example, as a small circle of the Corsica-Sardinia block rotation [START_REF] Auzende | The origin of the western Mediterranean basin[END_REF][START_REF] Réhault | The Western Mediterranean basin geological evolution[END_REF][START_REF] Bache | Evolution of rifted continental margins: The case of the Gulf of Lions, Western Mediterranean Basin[END_REF], as a very large domain including different structures [START_REF] Granado | Geodynamical framework and hydrocarbon plays of a salt giant: the NW Mediterranean Basin[END_REF], along magnetic anomalies [START_REF] Driussi | Evidence for transform motion along the South Balearic margin and implications for the kinematics of opening of the Algerian basin[END_REF], along rarely observed basement faults [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF] and/or associated volcanoes [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF] or even from associated salt deformation superimposed onto the faults [START_REF] Maillard | Influence of differential compaction above basement steps on salt tectonics in the Ligurian-Provençal Basin, northwest Mediterranean[END_REF]. Characterizing and precisely locating the transfer zones are the goals of this study. We focus on the geometry at depth of these transfer zones and their interactions with the intense magmatism recorded in the eastern Valencia Basin. Do they correspond to vertical strike-slip discontinuities or not is a first-order question. The interpretation of a series of high-quality deep resolution profiles leads us to reconstruct the internal structure of the crust in this region. We show the characteristics of the transfer zones that separate different domains of weak and ductile crust spread across a wide area where a volcanic Province has developed during and after rifting. We discuss then the timing of set up and the possible nature of the different crustal domains, and crustal thinning processes.

These observations are compared to those made on other hot rifted margins, especially in contexts where transfer zones are known or suspected.

Geological context

The Valencia Basin is part of the north-western Neogene Mediterranean rift system and formed in the back-arc region of the retreating Apennines-Maghrebian subduction [START_REF] Dewey | Plate tectonics and the evolution of the Alpine system[END_REF][START_REF] Réhault | The Western Mediterranean basin geological evolution[END_REF][START_REF] Gueguen | On the post-25 Ma geodynamic evolution of the western Mediterranean[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF]; Figure 1). It, however, did not reach oceanization and represents a complex extensional area opened in a region of overall convergence.

Valencia Basin

Rifting of the Gulf of Lion propagated westward and reached the Valencia Basin at the end of the Oligocene to early Miocene (Aquitanian) times [START_REF] Soler | Rasgos basicos del Neogeno del Mediterraneo espariol[END_REF][START_REF] Gorini | Contribution to the structural and sedimentary history of the Gulf of Lions, western Mediterranean, from the ECORS profiles, industrial seismic profiles and well data[END_REF]. This extension phase lasted until the Burdigalian to Langhian and formed normal faults trending NE-SW (Clavell & Berastegui, 1991;[START_REF] Maillard | Tertiary sedimentary history and structure of the Valencia trough, western Mediterranean[END_REF][START_REF] Roca | L'estuctura de la conca catalano-balear; paper de la compressio i de la distensio enl a seva genesi[END_REF][START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF], responsible for the grabens well observed on the Catalan margin but poorly expressed elsewhere. The contact between the resulting syn-rift sediments and the previous sedimentary record (Mesozoic to lower Oligocene in age) is characterized by a major unconformity (called ante-rift or Oligocene discontinuity) likely resulting from complex vertical movements and severe erosion [START_REF] Ethève | Le bassin de Valence à la frontière des domaines ibérique et méditerranéen : évolution tectonique et sédimentaire du mésozoïque au cénozoïque[END_REF].

If the northern margin of the Valencia Basin is clearly extensional, its southern border, the Balearic Promontory, results from the late Oligocene to early-middle Miocene compressional deformation associated with Betic external thrusts propagating northward (Ramos-Guerrero et al., 1989; Sanz De [START_REF] De Galdeano | Geologic evolution of the Betic Cordilleras in the Western Mediterranean, Miocene to the present[END_REF][START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF]. It affected the Balearic margin while the rifting of the NW Mediterranean affected the northern areas. The Betic thrusts are well expressed on Ibiza and Mallorca that belong to the External zones of the mountain range [START_REF] Fourcade | Stratigraphie et tectonique de l'ile d'Ibiza, témoin du prolongement de la nappe subbétique aux Baléares, Espagne[END_REF][START_REF] Gelabert | A structural outline of the Serra de Tramuntana of Mallorca, Balearic Islands[END_REF][START_REF] Gelabert | Significance of inherited normal faults during inversion tectonics: an example from the Tramuntana range, Mallorca. -Geodin[END_REF][START_REF] Sàbat | Geological structure and evolution of Majorca: Implications for the origin of the Western Mediterranean[END_REF] as well as offshore in the Valencia Basin in the lower slope domain of these islands [START_REF] Maillard | Tertiary sedimentary history and structure of the Valencia trough, western Mediterranean[END_REF][START_REF] Mauffret | Long-listening multichannel seismic profiles in the Valencia trough, Valsis 2 and the Gulf of Lions, ECORS: a comparison[END_REF][START_REF] Sàbat | Role of extension and compression in the evolution of the eastern margin of Iberia: the ESCI-Valencia Trough seismic profile[END_REF][START_REF] Ethève | Le bassin de Valence à la frontière des domaines ibérique et méditerranéen : évolution tectonique et sédimentaire du mésozoïque au cénozoïque[END_REF]. This Betic deformation is not observed in Minorca. Though the crust is much thinner in the Valencia Basin than in the Balearic Islands (20 to 24km, Figure 2), only the upper crust of the Balearic Promontory was shortened, suggesting that the thickening due to Betic thrusts was only surficial, in accordance with the observation of the Betic front at the foot of the Islands [START_REF] Sàbat | Role of extension and compression in the evolution of the eastern margin of Iberia: the ESCI-Valencia Trough seismic profile[END_REF][START_REF] Ethève | Le bassin de Valence à la frontière des domaines ibérique et méditerranéen : évolution tectonique et sédimentaire du mésozoïque au cénozoïque[END_REF]; Figure 1). Crustal thinning of the Valencia Basin has been illustrated by the Valsis cruise refraction and wide angle reflexion data [START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF][START_REF] Mauffret | Long-listening multichannel seismic profiles in the Valencia trough, Valsis 2 and the Gulf of Lions, ECORS: a comparison[END_REF][START_REF] Collier | Moho and lower crustal reflectivity beneath a young rift basin: results from a two-ship, wide-aperture seismic-reflection experiment in the Valencia Trough, western Mediterranean[END_REF] and by the ESCI Spanish reflection experiment [START_REF] Gallart | Multichannel seismic image of the crustal thinning at the NE Iberian margin combining normal and wide-angle reflection data[END_REF][START_REF] Gallart | The ESCI-Valencia Trough vertical reflection experiment: a seismic image of the crust from the NE Iberian Peninsula to the Western Mediterranea[END_REF][START_REF] Sàbat | Role of extension and compression in the evolution of the eastern margin of Iberia: the ESCI-Valencia Trough seismic profile[END_REF] whose results were synthetized by [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF], [START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF], [START_REF] Ayala | The lithosphere -asthenosphere boundary in the western Mediterranean from 3D joint gravity and geoid modeling: tectonic implications[END_REF]2015). A N-S transect displays the decrease from a 23-20 km thick crust on the offshore margins of the Valencia Basin to 9 km at the axis (Figure 2 Moho). Crustal thinning in a NW-SE trending extension seems to be mostly achieved at the expense of the lower crust while few extensional features or syn-rift sediments are observed (Sabat et al., 1997;[START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF][START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF]. This makes the Valencia Basin similar with the Gulf of Lion where most of the extension was accommodated by the lower crust with little evidence of large-scale normal faults and syn-rift sediments in the upper crust [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. Indeed, since the 80's, the low extension rate deduced from normal faults compared to the finite crustal-scale extension was noted [START_REF] Burrus | Contribution to a geodynamic synthesis of the Provençal Basin, North-Western Mediterranean[END_REF][START_REF] Bessis | Some remarks on the study of subsidence of sedimentary bains Application to the Gulf of Lions margin, Western Mediterranean[END_REF].

The SW part of the Valencia Basin is filled by a thick Mesozoic basin (the so-called Columbretes subbasin) as thick as 10 km above a Moho at a depth of 16km [START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Maillard | Tertiary sedimentary history and structure of the Valencia trough, western Mediterranean[END_REF], Roca et al., 1992;[START_REF] Ethève | Extreme Mesozoic crustal thinning in the eastern Iberia margin: The example of the Columbrets Basin (Valencia Trough)[END_REF]Figure 3). It is linked with the other Mesozoic extensional basins observed in Eastern Iberia (such as the Maestrazgo basin, [START_REF] Salas | Mesozoic extensional tectonics, stratigraphy and crustal evolution during the Alpine cycle of the eastern Iberian basin[END_REF][START_REF] Ziegler | European Cenozoic rift system[END_REF]Verges and Garcia-Senz, 2001) and represents a Late Jurassic-Early Cretaceous hyper-extended rift [START_REF] Ethève | Le bassin de Valence à la frontière des domaines ibérique et méditerranéen : évolution tectonique et sédimentaire du mésozoïque au cénozoïque[END_REF]. As it is weakly overprinted by subsequent events, it suggests that a significant part of crustal thinning in the southern Valencia Basin was already achieved during the Mesozoic. To the east, the Mesozoic basin thins below the large Columbretes volcanic edifice that, together with other volcanoes, has been related to the Ibiza FZ [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF].

East of the Columbretes subbasin, no Mesozoic layer is distinguished from crystalline crust [START_REF] Ayala | A review of the current knowledge of the crustal and lithospheric structure of the Valencia Trough. Basin[END_REF] in the axial part of the basin unlike in the Catalan margin where Mesozoic has been largely drilled. The crustal structure of the central part of the Valencia Basin (Central subbasin, east of Ibiza FZ, Figure 3) is less constrained because no new deep seismics is available. In that area, ESP4 shows anyway velocity gradients very different from ESP7 in the Columbretes subbasin [START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF]. The Moho stays nearly flat at around 14 km deep and thickness variation is minor [START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF][START_REF] Mauffret | Long-listening multichannel seismic profiles in the Valencia trough, Valsis 2 and the Gulf of Lions, ECORS: a comparison[END_REF]; Figure 1). This pleads for a homogeneous thinning supporting that the main extension is mostly Neogene. Moho could be deeper if we include the 7.8 km/s poorly constrained velocity at the base of ESP4. [START_REF] Pellen | The Minorca Basin: a buffer zone between the Valencia and Liguro-Provençal Basins, NW Mediterranean Sea[END_REF] proposed to differentiate a NE part in the Valencia Basin (the "Minorca subbasin") beyond the Central Fracture Zone (Central FZ; Figure 1, 2 and 3; [START_REF] Maillard | Structure et riftogenèse du Golfe de Valence, Méditerranée occidentale[END_REF], a major structure revealed by large volcanoes, thanks to a peculiar subsidence history. This is supported also by the peculiar structural characteristics of Minorca Island, not affected by Betic thrusts and where the main structures trend N-S to NW-SE [START_REF] Sàbat | Minorca, an exotic Balearic island, western Mediterranean[END_REF]. In Minorca subbasin, the crust is only 8.6 km thick without the sediments, underlain by a 14.5 km deep Moho (ESP 2 Figure 3; and Figure 2), but above all, it exhibits a crustal velocity pattern that is quite different from that in the SW and central parts. The seismic crustal structure inferred from the velocity-depth solution for ESP2 has been proposed to be close to that of an oceanic-type crust, displaying 3 velocity gradients [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF][START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Watts | Subsidence history, crustal structure, and thermal evolution of the Valencia Trough: A young extensional basin in the western Mediterranean[END_REF][START_REF] Collier | Moho and lower crustal reflectivity beneath a young rift basin: results from a two-ship, wide-aperture seismic-reflection experiment in the Valencia Trough, western Mediterranean[END_REF]. The top of the acoustic basement in that area has been shown to have a different signature than elsewhere in the basin; it appears to be diffracting and has been correlated with the top of the volcanic edifices widespread in the entire basin and especially in this Minorca subbasin.

According to some authors, ESP 2 would then not be situated in an oceanic domain but placed on a thinned crust with subsequent addition of volcanic material [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF][START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF]. The crustal nature of this intermediate area between the Valencia continental Basin and the Liguro-Provençal Basin is still debated and is the purpose of this study.

Despite small axial variations in crustal thickness all along the Valencia Basin, crustal thinning is observed from SW to NE (Figure 3), in accordance with gravity anomalies [START_REF] Torné | The Valencia Trough: geological and geophysical constraints on basin formation models[END_REF][START_REF] Ayala | A review of the current knowledge of the crustal and lithospheric structure of the Valencia Trough. Basin[END_REF]; Figure 3). The transfer zones not only act as steps in the top basement, but also delimit crustal segments with variable amount of thinning and different characteristics: the Ibiza FZ limits the Columbretes subbasin including the huge Mesozoic basin, the Central FZ, the major feature structuring the Valencia Basin, limits the Central subbasin from the volcanic top basement of the Minorca subbasin, and the NBFZ limits the transitional domain towards the Liguro-Provençal Basin domain. Each of these transfer zones is highlighted by large volcanoes associated to magnetic positive anomalies with NW-SE trend [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF]; Figure 1; Figure 4).

Liguro-Provençal Basin

In the deepest central part of the Liguro-Provençal Basin, magnetic anomalies and seismic velocities show the presence of a narrow oceanic domain [START_REF] Le Douaran | Deep structure of the north-western Mediterranean basin: results of a two-ship seismic survey[END_REF][START_REF] De Voogd | First Deep Seismic Reflection Transect from the Gulf of Lions to Sardinia, Ecors-Crop Profiles in Western Mediterranean[END_REF][START_REF] Pascal | The ocean-continent boundary in the Gulf of Lion from analysis of expanding spread profiles and gravity modelling[END_REF]; oceanic domain III, Figure 1 and 2). The NW-SE thinning in the Gulf of Lion is shown by tilted blocks, oceanward-dipping normal faults, thin syn-rift sediments and the presence of a shallow reflector dipping toward the continent, interpreted as an antithetic detachment plane [START_REF] Gorini | Structure of the Gulf of Lions, northwestern Mediterranean Sea: A review[END_REF][START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF]Seranne et al., 1995 ;[START_REF] Bache | Evolution of rifted continental margins: The case of the Gulf of Lions, Western Mediterranean Basin[END_REF][START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. The ocean-continent transition is characterized by an enigmatic 80-110 km wide zone of extremely thin crust with abnormal velocities (7-7.5 km/s, [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF], exhumed domain II, Figure 1).

Recent studies with refraction and deep-penetration reflection seismics suggest that this anomalous hyper-extended domain may be made of exhumed mantle and/or ductile lower continental crust forming a metamorphic core complex [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Aslanian | -Brazilian and African passive margins of the Central Segment of the South Atlantic Ocean: kinematic constraints[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF][START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. This particular domain is limited by the NBFZ towards the Valencia Basin and by another transfer structure to the east, the Arlesian Fracture Zone [START_REF] Gorini | Structure of the Gulf of Lions, northwestern Mediterranean Sea: A review[END_REF][START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF]Figure 1). As in the Valencia Basin, each of these features corresponds to basement steps controlling the progressive deepening toward the center of the basin. The Catalan Fracture Zone (Catalan FZ) in the Gulf of Lion is a main syn-rift structure that corresponds to the limit between the Eastern Pyrenees and the Gulf of Lion passive margin [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF][START_REF] Dofal | Étude Terre-Mer des structures de transfert pyrénéennes, Pyrénées orientales / Golfe du Lion -Interprétation sismique[END_REF]; Figure 1). It is linked to a strong magnetic anomaly that does not display any special gravimetric signal and that has so far never been explained (Canva et al., 2020 Figure 4). According to a recent investigation, this magnetic anomaly could correspond to a mafic magmatic intrusion in the continental crust and underplating at its base [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]. Magnetic anomalies related to volcanoes are also present on the Corsica-Sardinia margins (Figure 1). They could be associated with transfer zones that segment the margins, alternating between narrow and wider segments [START_REF] Gueguen | On the post-25 Ma geodynamic evolution of the western Mediterranean[END_REF]. Indeed, the transfer zones are better expressed in the continental rifted areas such as the Gulf of Lion and the Valencia Basin and to a lesser extent on the Corsica-Sardinia margin than in the deep domains.

Volcanism and transfer zones

The link between volcanism and transfer zones is clear when looking at the location of the main volcanic edifices all around the Valencia Basin (Figure 1). The Ibiza-, Central-and NB-FZ are moreover clearly highlighted by NW-SE large magnetic anomalies expressed by parallel positive/negative highs (Figure 4). East of the NBFZ, only small positive anomalies exist. In the Valencia Basin, a first volcanic activity of calk-alkaline affinity is related to the volcanic arc of the SE-ward retreating subduction also observed in Sardinia and southern Provence, as well as in the Corsica-Ligurian domain. It is coeval with the main rifting phase dated from late Oligocene to middle Miocene, whereas the second is alkaline and dated from the late Miocene to Quaternary [START_REF] Mauffret | Etude géodynamique de la marge des îles Baléares[END_REF][START_REF] Ryan | Initial Reports of the Deep Sea Drilling Project[END_REF]Rivière et al., 1981;[START_REF] Marti | Cenozoic magmatism of the Valencia trough, western Mediterranean: Relationship between structural evolution and volcanism[END_REF][START_REF] Maillard | Structure et volcanisme de la fosse de Valence, Méditerranée nord-occidentale[END_REF][START_REF] Lustrino | Beginning of the Apennine subduction system in central western Mediterranean: constraints from Cenozoic "orogenic" magmatic activity of Sardinia, Italy[END_REF]Rehault et al., 2012;Figure 4).

On the transfer zones, both types were drilled with a large range of ages. However, most of the volcanic edifices are not drilled and consequently their nature and age are unknown. The volcanism is strangely absent in the Gulf of Lion (including both domains I and II), whereas largely present in the Sardinia and Corsica margins and east Ligurian Sea (Figure 4). Underplated magmatism is however probable below the Catalan FZ as shown by [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]. The deeper basement in the Liguro-Provençal Basin than in the Minorca subbasin suggests that they cannot belong to the same crustal domains [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF].

However, the correlation between these areas is unsure as no crustal seismic data were acquired in the transitional domain between the eastern part of the Valencia Basin and the Liguro-Provençal domain (Figure 2). Indeed, crustal data were always acquired in order to document the NW-SE-directed thinning from the Gulf of Lion to the Liguro-Provençal oceanic domain, and thus failed to address the SW-NE along strike crustal thinning in the eastern part of the Valencia Basin, however crucial to understand the 3D complex deformation of the area. The synthetic map from [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF] from seismic refraction results clearly highlights the lack of crustal data in the transition zone in between the two basins. It thus appears essential to study the crustal structure near and around the transfer zones and the interactions between the faults and the coeval magmatism.

Data and method

Data

The seismic profiles SPBAL01 used in this study were provided by the "Archivo Técnico de Hidrocarburos of the Spanish Ministerio de Industria Comercio ». Data were acquired by Spectrum Energy and InSeis AS in November and December 2001 onboard the Polar Princess seismic survey vessel. The datasets consists of 2700km of 2D acquired with a 4240 cu.in. Bolt LL airgun towed at 6 m depth and a 640-channel, 8000 m long, digital seal streamer was lying at 10m (12.5 m group interval; 50 m shot point interval per shot).

Recording was made with a Seal-Sercel system (12 s record length; 2ms sampling rate; 200 Hz high-cut). Time-migrated processing was performed by different clients.

We crossed the SPBAL01 lines with wide angle seismic reflection and refraction data published in the study area: ECORS [START_REF] De Voogd | First Deep Seismic Reflection Transect from the Gulf of Lions to Sardinia, Ecors-Crop Profiles in Western Mediterranean[END_REF][START_REF] Pascal | The ocean-continent boundary in the Gulf of Lion from analysis of expanding spread profiles and gravity modelling[END_REF], Sardinia [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Aslanian | -Brazilian and African passive margins of the Central Segment of the South Atlantic Ocean: kinematic constraints[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF] and NOPEC [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF] lines in the Gulf of Lion, Valsis lines [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF][START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF]Mauffret at al., 1992) and ESCI lines [START_REF] Danobeitia | Deep crustal configuration of the Valencia trough and its Iberian and Balearic borders from extensive refraction and wide-angle reflection seismic profiling[END_REF][START_REF] Gallart | Lateral variations in the deep crustal structure at the Iberian margin of the Valencia trough imaged from seismic reflection method[END_REF][START_REF] Sàbat | Role of extension and compression in the evolution of the eastern margin of Iberia: the ESCI-Valencia Trough seismic profile[END_REF] in the Valencia Basin (Figure 1). Westward in the Valencia Basin, we merged the new data with former works that were based on a large grid of academic and industrial older seismic profiles largely analyzed [START_REF] Maillard | Structure et riftogenèse du Golfe de Valence, Méditerranée occidentale[END_REF][START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF].

Method

Interpretation of the seismic lines is based on the seismic facies and on characteristic reflectors (Figure 5). The stratified seismic facies in the top half of the lines represents the sedimentary cover. Within the well-layered and continuous reflections of the sedimentary cover, one transparent seismic facies is attributed to the Mobile unit representing the salt layer (halite) linked to the Messinian Salinity Crisis (MSC; [START_REF] Lofi | Atlas of the Messinian Salinity Crisis markers in the Mediterranean and Black Seas[END_REF]. Seismic units below and above the Mobile MSC unit are called the pre-and post-Mobile-MSC units respectively. Below the Pre-MSC unit, one high-amplitude reflection crossed on all lines marks the top of the Syn-rift unit. This unit is observed thanks to high-amplitudes reflections interbedded with very low-amplitude ones, all mostly horizontal (Syn-rift unit 2, in green, Figure 6 and Figure 7). Below, we observe in places a less stratified to nearly chaotic facies in some lows and rather not horizontal (Syn-rift unit 1, in dark green, Figure 6 and7). Syn-rift unit is thin, 0 to 0.3 s twtt in the study area. Following the reflections from drills and crossing in the Gulf of Lion (GLP2 drill; [START_REF] Gorini | Contribution to the structural and sedimentary history of the Gulf of Lions, western Mediterranean, from the ECORS profiles, industrial seismic profiles and well data[END_REF][START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF], the top of Syn-rift unit 1 could be correlated with the top Burdigalian. A Late Aquitanian-Burdigalian age for Syn-rift unit 1 has been recently confirmed from new crossing [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF][START_REF] Bache | Messinian evaporate deposition during sea level rise in the Gulf of Lions, Western Mediterranean[END_REF], Jolivet et al., 2020). A less stratified seismic unit exists below in the Gulf of Lion attributed to the Oligo-Aquitanian series [START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF][START_REF] Jolivet | Fast dismantling of a mountain belt by mantle flow: late-orogenic evolution of Pyrenees and Liguro-Provençal rifting[END_REF]. This unit has not been identified in the Valencia Basin except offshore Barcelona (San Feliu, Barcelona and Rosas grabens, [START_REF] Roca | Oligocene to Middle Miocene evolution of the central Catalan margin, northwestern Mediterranean[END_REF]. In the study area, we propose Syn-rift unit 2 to be an equivalent of the Oligo-Aquitanian series.

The base of the sedimentary pile is clearly observed with the loss of the stratified facies, marked by a high-amplitude reflection: it is the Top acoustic Basement, in red on the seismic lines. Below, we observe two different seismic facies: one is reflection-free and homogeneous, though some very short and high-frequencies reflections can locally appear.

We call it the V layer. The other is reflective, characterized by some short discontinuous high-amplitude low-frequencies reflections. These reflections are more numerous and better expressed on the transverse NW-SE seismic lines (SPBal even, Figure 6) than on the along strike NE-SW lines (SPBal odd, Figure 7). We call it the C layer. The limit between these two seismic facies is unambiguously observed. It fits reflectors observed on older seismic reflections data that were interpreted as a deep basement below diffracting top acoustic basement interpreted as volcanic [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF]. Moreover, it has been also adopted as a major limit in publications using the same data, called "top basement" (Vinas Gaza, 2016) or "intra crustal reflector" [START_REF] Granado | Geodynamical framework and hydrocarbon plays of a salt giant: the NW Mediterranean Basin[END_REF]. The V layer, when present, overlies the C layer. Both represent the crust in the area. At mid-depth of the C layer, some reflections are aligned and can be followed along the lines. They fit the Intra-crustal reflections observed eastward on the Sardinian wide angle data [START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF].

Because it is not a unique or continuous reflector, we call it Intra-crustal level. The base of the C layer is marked by very high-amplitude discontinuous reflections, together forming a nearly continuous reflector interpreted as the seismic Moho. Some deeper reflections are however present and could locally be the Moho. One deep layered level was crossed on the lines and delineates a rather transparent seismic facies that will be discussed later.

Following these interpretations, we mapped in detail the depth to Top acoustic Basement, the depth to Moho, the base of the V layer and the thickness of the V layer, in the study area, i.e. the transition between the Valencia and Liguro-Provençal Basins (Figure 8). For maps at larger scale outside the SPBAL data domain, we added former maps [START_REF] Maillard | Tertiary sedimentary history and structure of the Valencia trough, western Mediterranean[END_REF][START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF] to the new data. We produce a complete map of the V layer integrating the Central FZ area [START_REF] Maillard | Structure et volcanisme de la fosse de Valence, Méditerranée nord-occidentale[END_REF]; Figure 9). The thickness of the C layer in presented Figure 10, related to the structural map. We used interval velocities of 4.8 km/s for the V layer and 6.8 km/s for the C layer derived from ESP2 of the Valsis experiment. We could not extend the C layer in the Central Valencia subbasin as no new seismic lines were provided but we drew a new map of Moho depth at regional scale (Figure 2) integrating the Valencia and Liguro-Provençal Basins, and the Pyrenees. Such a map was not available so far. Figure 2 is a new compilation of former and recent offshore data (Sardinia wide angle seismic, [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF]Moulin et al., 2015 for Liguro-Provençal domain;[START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF][START_REF] Ayala | The lithosphere -asthenosphere boundary in the western Mediterranean from 3D joint gravity and geoid modeling: tectonic implications[END_REF]and 2015 for Valencia domain) and includes, in addition, new deep penetration seismic data onland and on the Catalan and Pyrenees areas [START_REF] Diaz | Mapping the crustal structure beneath the Eastern Pyrenees[END_REF]Wehr et al., 2018 from tomography). We also provide a new compilation for the Gulf of Lion integrating former results [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF] and new results [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF] around the Catalan Magnetic Anomaly in the vicinity of the termination of the Pyrenees.

Result

A volcanic Province

Thanks to deep penetration seismic profiles, we could confirm that the diffracting basement previously observed in the transition area between the Valencia Basin and the Liguro-Provençal Basin is the top of a continuous upper crustal layer (V layer) linked to volcanoes, as it has been proposed by [START_REF] Maillard | Structure et volcanisme de la fosse de Valence, Méditerranée nord-occidentale[END_REF], [START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF] and [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF]. This V layer and associated volcanoes displays a volcanic Province which characteristics and extension can now be specified.

Description

The V layer can be followed continuously between the stratified seismic facies of the sediments and the C layer below (Figure 6). The numerous volcanoes appear with the same reflection-free seismic facies within the stratified seismic facies of the sediments and pierce up to the sea bottom. The largest volcanoes then merge with the V layer. The Spartacus volcano, for instance (Figure 6) cannot be laterally distinguished from the V layer in terms of seismic facies, neither does the Gracchus volcano on the Central Valencia large volcanic DSDP ridge associated with the Central FZ. The top of the V layer is correlated with the sharp increase of velocity from 4.3 to 4.8 km/s on ESP 2, in accordance with former studies [START_REF] Mauffret | Long-listening multichannel seismic profiles in the Valencia trough, Valsis 2 and the Gulf of Lions, ECORS: a comparison[END_REF]1995;[START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF]. It has been included in the acoustic basement in former studies (pre-Neogene), as shown in Figure 1. Details of the top acoustic basement in the volcanic Province is presented in Figure 8, A., displaying a stepwise geometry, rather flat for each ramp if we exclude the volcanoes, at 4.5 s deep around ESP2, then around 5.5 east of the NBFZ.

We mapped the extension and thickness of the V layer including the volcanoes (Figure 9). The V layer is 1.6 km-thick on ESP 2 with a velocity gradient of 0.8 s -1 [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF]Torné at al., 1992). The projection of ESP2 on the new seismics confirms this correlation (Figure 6, SPBal 24). The 6.08 km/s velocity just below fits the first high amplitude reflections and is thus correlated with the base of the reflection-free facies. The V layer thus extends over a wide region, 220km long/100 to 130 km wide in the eastern Valencia Basin, beyond the Minorca subbasin. Its average thickness calculated with a 4.8 km/s mean velocity is 1.5 km, rather constant, but becomes larger when including the volcanic edifices where it can reach more than 3 km (Figure 9). The larger volcanic edifices are elongated NW-SE along the Central FZ, as it has been already shown. Both NW-SE volcanic ridges (Central FZ and NBFZ) are also revealed by large positive magnetic anomalies reaching 800nT (Figure 4) related to the large volcanoes. The V layer thins as we go east in the more distal domain and displays only small magnetic anomalies linked to small volcanoes. Here, the volcanoes seem more or less disconnected from the V layer, or at least reveal lava flows interbedded in the sedimentary cover. Notice however that the spacing (the spacing of the SPBAL seismic lines is 30 km, but we used also other lines from former works) of seismic lines may be too large to see their relation. Notice also that the trend of the volcanoes becomes nearly N-S. The base of the V layer is more regularly shaped, almost horizontal at around 5 to 5.5 s twtt to the west but shows, as its top, an important step located precisely on the NBFZ, and lay horizontal at 6.5 s twtt to the east (figure 8 C). We assume that the volcanic edifices are related to the V layer, the whole being linked in a "volcanic Province".

Age of volcanism and correlation with sediments

The Syn-rift unit onlaps onto the V layer and the volcanoes. Figure 4). Most volcanoes, tied to the V layer, are ante-top Burdigalian in age although some volcanoes spread into the post-Burdigalian/ante-Messinian unit (Figure 6, 7 and 9). Some Messinian and Plio-quaternary volcanoes do exist in the Valencia Basin anyway and late Miocene to Quaternary alkaline volcanic activity is well known onland (Columbretes and Catalan volcanic zones, [START_REF] Marti | Cenozoic magmatism of the Valencia trough, western Mediterranean: Relationship between structural evolution and volcanism[END_REF]. The volcanoes in this study area confirm that volcanism could have been still active until the Late Miocene, as for the Brutus and the Juventius volcanoes (Figure 6).

Transfer zones

The transfer zones have been presented since long as NW-SE elongated structures, but without precise location. We could precisely locate the structures linked to the transfer zones in the area thanks to observations in the entire crust and continuously from line to line.

Transfer zones in the basement and sediments

The Transfer zones mostly appear as faults affecting the acoustic basement, with a dip from 40 to 60°. They draw narrow grabens that can be as deep as 0.7 s twtt but less than 10 km wide (Figure 11). These grabens are filled with Syn-rift unit (1.8 km thick with a 5.3 km/s velocity for the Burdigalian sediments, from Mauffret et al., 1995, ESP 204) and display mini basins aligned on the NBFZ (Figure 12). At the base of the graben, the observed SR unit 1 could record, as in the Liguro-Provençal domain, a Late Oligo-Aquitanian syn-tectonic filling.

The faults cut the acoustic basement, which is mostly the V layer in the study area (SPBal27, Figure 11), but can also locally affect the C layer underneath (SPBal11, Figure 11).

Those grabens permitted to trace 2 major faults defining the NBFZ in its SE distal part (Figure 10). The NBFZ is also overprinted here by the Furius volcano displaying a weak magnetic anomaly and the Brutus volcano (Figure 9). To the NW, the NBFZ ends on an E-W structure which nature and structure is still enigmatic. Just north of it, a fault, bordering another structural high, is along strike with the Escala Graben and cross cuts the Rosas graben. Located between the NBFZ and the Catalan FZ, and strictly parallel, this structure could reveal another transfer zone (Figure 10,A).

The Catalan FZ is clearly expressed by faults and syn-rift mini basins affecting the basement in its northern part (SPBal11, Figure 11) that could not be followed continuously southward (Figure 10,A). More to the north in the proximal area of the Gulf of Lion, its location also fits basement faults [START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF] but its crustal expression is still debated.

Crustal expression of transfer zones

Locally below the faults, the crust is clearly disturbed with thickness variations and intense layering (Figure 11). The basement faults offset deep reflections and become low-angle deep detachments that we can observed whatever the trend of the lines. They root on a welllayered level, correlated with a rising Moho. The Moho and the Intra-crustal level join, highlighting a strong thinning of the crust and shaping mantle domes, located below the grabens with little offset (domes D on Figures 7;11;12). This thinning is expressed when mapping the C layer thickness, drawing domes elongated parallel to the NBFZ (Figure 10, B and 12). The domes are 5 km wide and 10-20 km long (Figure 10,B). If the Intra-crustal level is the lower/upper crust limit, the thinning of the crust down to 3 km, is mostly taken up by the lower crust. The deep layered level below the Moho seems also uplifted in domes below the NBFZ. This uplift is not the effect of velocities (syn-rift grabens versus volcanism) as they show a larger wavelength and persist on the depth-converted section (Figure 13). The chosen velocity of 7.2 km/s is minimum and this layer could be much thicker with 7.9km/s velocity.

Along the Catalan FZ, the dome shape is well observed at its NW part (SPBal lines 11, Figure 11), the Moho is also rising where a low angle deep fault connects with the Syn-rift graben. Towards the SE, the trace of the Catalan FZ exactly correlates with the limit between the volcanic Province and a thinner crust to the east.

Different crustal characteristics between transfer zones

The crust below the volcanic layer

Within the volcanic Province, the crust is composed of the V and C layers.

In the C layer, on ESP2 [START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF], 2 different velocitygradients could be distinguished, with mean velocities of 6.08-6.7 km/s and 6.7-7.16 km/s respectively. Correlation with reflection seismics (Figure 6 and 7) shows that the 6.7-7.16 km/s level is less reflective than the overlying one. Below, a 1.5-km-thick layer with velocities ranging from 7.16 to 7.9 km/s is characterized on the lines by several undulated/horizontal high-amplitude reflections. It delineates a deep level that could belong to deep crustal or mantle material. Highly reflective levels at 7.16 km/s layer around ESP2 laterally extend upward and draw larger scale low-dipping reflectors. They cross the entire crust below the V layer and they appear as detachments rooted in the lower part of the crust. These lowdipping reflections preferentially locate on the borders of the volcanic Province where they seem to limit the volcanism from the margins (Minorca margin on the south, Catalan and E-W structure in the north, Figure 1) and below the transfer zones where they affect upward the V layer with higher dip.

West of the NBFZ, the Moho is well displayed by discontinuous high-amplitude reflections forming one layer and constrained by crossings with perpendicular lines. It correlates with the base of the 7.16 to 7.9 km/s level of ESP2 (Figure 7). However, the Moho is difficult to identify unequivocally east of the NBFZ where 2 (sometimes 3) layers made of parallel highamplitude low-dipping reflections are observed (Figure 7 and 11). Note that the deep layered level, laying at 8.5 s to 9 s deep correlates here with the refraction Moho from the Sardinia lines [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF], poorly constrained in the Valencia area.

However, this layer is not continuous on the seismic lines and moreover, such a Moho would be deeper than shown by ESP2 in the already high 7.9 km/s velocity level. On along-strike lines (23 and 15, Figure 7) it was difficult to point the Moho, but line 16 (Figure 6) shows clear reflections shallower than 8 s twtt with poor reflection below.

Crossing all lines and combining information leads to a map where the Moho lays at 7.5 to 8 s twtt below the entire volcanic Province (Figure 8,B). However, the possibility to have a deeper Moho should be considered (see discussion).

Though the rather constant depth of the Moho (without considering the local domes), the NBFZ, included within the volcanic Province, displays clear crustal signatures. East of the NBFZ indeed, the V layer slightly thins, its top deepens more than its base (SPBal-16, Figure 6 and SPBal-23, Figure 7). The C layer is also clearly thinner east of the NBFZ, because its top is laying deeper (Figure 10,B). Between the NBFZ and the Catalan FZ however, local rising of the Moho can locally thin the crust down to 4 km (1.5 à 2 sec twtt), forming irregular domes resembling boudinage-type structuration (SPBal 23, Figure 7; Figure 10 B).

Northward, the C layer includes the E-W enigmatic high structure associated with a thicker crust. The E-W high seems at its eastern end to be cut by the NBFZ (Figure 10). From here to the Cap de Creus, the margin widens with a thick crust, with locally thinner areas that appear clearly on the gravimetric map (Figure 14). Within this thick crustal domain, the Escala Graben could express another transfer zone (between the Catalan FZ and NBFZ, Figure 10), along strike southeastward with the "boudinage"-type area.

Southward, the transition from the volcanic Province to the oceanic crust is not well imaged by our data set. In most published sections this domain is however plugged by a dense population of MSC-related salt diapirs that hide the geometry of the crust underneath.

The contour of the zone where diapirs are observed is often considered as the limit of oceanic crust. Notice however that the salt diapirs limit is deviated and draws indentation following the transfer zones, as it has been already shown (Figure 1; [START_REF] Maillard | Influence of differential compaction above basement steps on salt tectonics in the Ligurian-Provençal Basin, northwest Mediterranean[END_REF]. In the crust here, several reflectors could be interpreted as the Moho, but the crust seems however to thicken. Locating precisely the transition with the oceanic crust is however difficult and it probably occurs progressively with an increase of volcanic injections.

Another difficulty is to limit the volcanic Province from the Minorca margin. If the boundary is well observed thanks to normal faults between the Central FZ and the Minorca northern margin, the Minorca eastern margin shows no clear boundary (Figure 10 A). The reflectionfree seismic facies seems here to drape the margin on the acoustic basement. Free air gravimetric map reveals a steep limit between the eastern Minorca shelf and the lower margin (Figure 14). The basement is nevertheless characterized here by typical horsts and grabens gently deepening eastward (Figure 14), where DSDP 372 unfortunately did not reach the basement but stopped in the Burdigalian rocks. The eastward deepening gives way downslope to the complex boundary area between the continental crust of the Minorca margin, the volcanic Province and the oceanic domain.

The crust below the X type crustal domain

The Catalan FZ limits a peculiar crustal domain to the east, 25-45 km wide, with no more volcanism (Figure 8 C and D). The crust is only composed of the C layer.

The top of the acoustic basement is flat and slightly east-dipping, at a mean depth of 6.5 s twtt to 7 s (Figure 8, A), 8 km deep (Figure 1). The basement is covered by the Syn-rift Unit all the way (Figure 7). It is slightly offset by preferentially southward-dipping reflectors, bounding grabens filled with thicker Burdigalian deposits (Figure 7). The offset across these faults increases southward, as observed in the type II exhumed domain of the Liguro-Provençal Basin. Unlike detachments within the volcanic Province, the dipping reflectors are straight parallel lines with constant low (25 to 35 °) southward dip (Figure 10, B small red arrows). They cut into a less reflective level overlaying the Intra-crustal level rather well observed in the area and can locally offset this latter. More often they cross the entire crust and end in the Moho or even seem to offset the Moho, thus suggesting shear zones (Figure 7). Locally, the C layer can display a stratified seismic facies (RM 116, Figure 15) with internal discontinuities. The discontinuities of the RM 116 line correspond to the southwarddipping reflections observed on the other lines where the stratified facies is hardly observed.

In some places, this stratified seismic facies can be very thick down to the Intra-crustal level (Figure 15), or can even represent nearly the entire crust. Locally, some of these dipping reflectors seem to separate crustal domains with almost horizontal reflections that are bent and draw sigmoidal features.

At the base of the crust, at least 2 layered levels locally appear, but the crossing with the transverse lines permitted to choose unambiguously a reflection Moho slightly wavy and lying all along at 7.5 to 8 s twtt. The crustal thickness that characterizes the X crustal domain is thus constant at around 5.5 km (Figure 10,B).

Another striking observation is the existence of very deep high-amplitude reflections forming a continuous deep layer at 9s twtt (d in light blue, 10 km long on line 120, Figure 15, and SPBal 15, Figure 7). Crossed on the lines, it reveals a deep N-NE dipping level located at the transition between X type crustal domain and type II exhumed domain of the Liguro-Provençal Basin (light blue arrows, Figure 10,B). This is also the place where the crust is nearly continuously stratified from the top basement to the Moho. On RM116 (Figure 15), this deep layer unambiguously extends the Moho eastward and sinks downwards to the east while, just above, prominent reflections at 7.8 s twtt connect with the Moho of the Liguro-Provençal II domain.

The crust below the type II domain of the Liguro-Provençal

The southward dipping reflections disappear eastward, drawing an eastern boundary of the X crustal domain parallel to the Catalan FZ (Figure 10). Here, we reach the crustal type corresponding to the type II crust of the Liguro-Provençal margin of the Gulf of Lion [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF][START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. Our observations in this domain fit these former works, i.e. displaying a thin and non-stratified crust of 1.5 to 2 s twtt (5km), with mostly westward dipping faults controlling nicely displayed half grabens, cutting into the entire crust and rooting in a highly reflective, continuous and flat Moho at 7.5 to 8 s twtt deep.

Interpretation and discussion

The thinning of the crust toward the NE in the Valencia Basin has already been shown, but never integrated in a 3D view of the whole Liguro-Provençal domain, which crustal structure has always been studied along NW-SE transects (ECORS, Sardinia, Nopec, Figure 2) illustrating the Gulf of Lion thinning. Studying the transitional area between the Valencia and Liguro-Provençal domains reveals a complex crustal structure that passes progressively to the thin exhumed domain through transfer zones that must have accommodated lateral displacements. The same processes must also occur along the Provence/Corsica margin that limits the exhumed domain to the North, highlighted by the Arlesian FZ and the volcanism along the West Corsica and Sardinia margins (Figure 1).

The main findings of this study are [START_REF] Monié | Age Eocène 40Ar/39Ar des zones de cisaillement de basse température dans la péninsule du Cap de Creus, NW Espagne. Conséquences géodynamiques[END_REF] the occurrence of a large volcanic Province in the vicinity of the NBFZ and Catalan FZ with a thick volcanic layer (V layer) resting on top of a thin reflective crust (C layer), (2) evidence for shear zones cutting the crust, the largest ones being observed in the vicinity of the main transfer zones and (3) crustal-scale boudinage with domes oriented parallel to the transfer zones, related upward to narrow syn-rift grabens. We now discuss these findings that enlighten the geodynamic history of the Western Mediterranean back-arc region in the more general framework of studies of rifted margins.

Nature of the crust

The crust in the study area is composed of 2 layers in the volcanic Province and one layer in the X domain.

In the volcanic Province, the largest volcanoes (some of which have been dredged, Figure 4) and the V layer are tied together with the same reflection-free facies. The velocity of 4.8 to 6.08 km/s in the V layer is consistent with volcanic material, in agreement for example with the 4.7 to 6 km/s velocity gradient found in the Porcupine volcanic ridge [START_REF] Christensen | Seismic velocities[END_REF][START_REF] Eldholm | North Atlantic volcanic margins: Dimensions and production rates[END_REF][START_REF] Watremez | Deep structure of the Porcupine Basin from wide-angle 1seismic data[END_REF]. Regarding the seismic facies, the seismic velocity and the occurrence of the volcanic edifices, we propose the V layer to reflect a magmatic event. Its geometry displaying a layer plaids for an effusive emplacement.

Though its thickness is large (over 1.5 km) and rather constant, it is proportional to the large surrounding volcanoes. A conspicuous erosional unconformity separates the crustal reflections from the Aquitanian-Burdigalian deposits (Syn-rift Unit). This Oligocene unconformity observed all over the Valencia Basin is also present in the Gulf of Lion from the necking zone [START_REF] Bache | A two-step process for the reflooding of the Mediterranean after the Messinian Sality Crisis[END_REF] to the exhumed domain [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. This unconformity shows that rifting began while the surface of the crust was eroded in aerial or subaerial conditions in the Gulf of Lion and in the Valencia Basin, a conclusion in line with the hot character of these margins. The volcanoes thus spread on the hot crust in subaerial conditions at the beginning of rifting. NW-SE extension already affected the Valencia Basin as the V layer ends abruptly on the northern and southern margins already structured whereas it thins progressively eastwards and ends on the Catalan FZ.

An alternative way to emplace the V layer would be intrusions. We have however a homogeneous layer that does not favors its interpretation as intrusions in the crust. The C layer is thin and nearly everywhere strongly reflective with both horizontal and oblique reflectors, with high 6.08 to 7.16 km/s velocities in ESP2, preventing its interpretation in term of normal upper continental crust as in ESP4 in the Central subbasin (Figure 3). Moreover, no tilted crustal blocks are observed underneath the volcanic layer. Upper crust can be inferred by the less reflective character in the top part of the C layer. In that case, the Intracrustal level could act as the limit between upper and lower crusts. The reflections observed in the upper part of the crust in the volcanic Province could be linked to intrusions. A heavily intruded continental crust could exhibit the same velocities, but should be much thicker (Chen at al., 2018). Intrusions in the crust of the volcanic Province would however fit the intense volcanism and are thus most probable in the lower crust. Indeed, the high density of reflectors that implies a highly heterogeneous material is more reminiscent of a lower crust [START_REF] Bois | Contribution of deep seismic profiling to the knowledge of the lower crust in France and neighbouring areas[END_REF][START_REF] Chadwick | Lower crustal heterogeneity beneath Britain from deep seismic reflection data[END_REF]. The reflections could then correspond to ductilely deformed metamorphic rocks with contrasted lithologies. Frequent low-dipping reflectors crossing the entire crust below the V layer, acting as detachments and shear zones, also plead for an interpretation of the C layer as lower crustal material, and so do the domes that exhume deep material.

The highly reflective levels in the 7.16 to 7.9 km/s layer of ESP2 can then be interpreted as underplated or magmatically-intruded layer, in accordance with the volcanism observed at the surface and with the expected velocities of magmatic underplating material [START_REF] Watts | A multichannel seismic study of lithospheric flexure across the Hawaiian-Emperor seamount chain[END_REF], Prada et al., 2017). Velocities in ESP2 are also compatible with that of oceanic crust with 3 gradients of seismic velocities from 4.8 to 7.2 km/s [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF], the C layer could be the gabbroic one. No magnetic anomalies nor possible accretion center are observed and moreover, kinematics regional sketch does not favor such an interpretation.

Though we cannot however exclude this possibility, we interpret the crust of the volcanic Province to be made of ductilely deformed material, possibly with intrusions and/or underplatting, overlain by volcanism (surely basalt as in DSDP sites).

In the X domain, crust is only composed of the C layer. The reflections seen in the crust are most often straight and oblique (Figure 7). Their detailed geometry (Figure 15) may suggest either sedimentary layers with internal unconformities, low-angle ductile shear zones or volcanic seaward dipping reflectors. On the RM116, the stratified nearly horizontal and parallel seismic facies could recall Mesozoic sediments as in the Columbretes subbasin, resting on top of a highly attenuated continental crust (Figure 3). The seismic facies here is however different from what is seen in the Columbretes subbasin because it includes internal unconformities. Interpretation in volcanic seaward-dipping reflectors is also precluded because of the dip of these reflections toward the continent. These reflections display sigmoidal geometries, a characteristic in line with their interpretation as shear zones, recalling those observed in the lower continental crust offshore Uruguay [START_REF] Clerc | Basement -Cover decoupling and progressive exhumation of metamorphic sediments at hot rifted margin. Insights from the Northeastern Pyrenean analog[END_REF].

They should then have been ductilely deformed along low-angle S-SW dipping shear zones. Domes are however rarely observed in this domain, though the base of the layering could also express the base of the thinned crust (black dashed line on Figure 15). Nevertheless, the place where the crust is completely layered is observed along the trace of the Catalan FZ. This suggests that this crust and the underlying mantle are linked to the emplacement of the Catalan FZ. The Moho discontinuity of the type II exhumed domain of the Liguro-Provençal Basin is approximately at the same depth as the Moho west of the Catalan FZ in the X crustal domain, slightly above 7.5 to 8 s twtt. This connection between the two domains and the highly reflective character of the crust further suggests that it could correspond to the same exhumed deep material.

Our observations favor an interpretation of the C layer in the X domain in term of lower crustal material but does not totally exclude possible exhumed mantle material, both possibly highly intruded.

Relative timing of volcanism and transfer zones

Although it extends upward as high as the Middle Miocene or even Messinian sediments, most of the V layer is cut by the normal faults that control the formation of the Late Aquitanian-Burdigalian mini basins (Figure 12). This shows that a significant part of the volcanic activity occurred during the earliest stages of rifting and even earlier. This would make it coeval with the volcanic arc of Western Sardinia that started to provide magmatic rocks at ~38 Ma [START_REF] Lustrino | Beginning of the Apennine subduction system in central western Mediterranean: constraints from Cenozoic "orogenic" magmatic activity of Sardinia, Italy[END_REF] and continued until the Miocene, similar ages to those found in the Central FZ (DSDP site 123). Indeed, the Sardinia volcanic arc and the Valencia Basin volcanism are aligned when reconstructing the pre-rift situation (Figure 16).

Subduction-related magmatism is also attested in the Ligurian margin and southwestern Corsica margin with the emplacement of calc-alkaline lavas, along strike with the Valencia and Sardinia ones at the end of rifting [START_REF] Réhault | Offshore Oligo-Miocene volcanic fields within the Corsica-Liguria Basin: Magmatic diversity and slab evolution in the western Mediterranean Sea[END_REF]. Then, as the transfer zones are geometrically linked with volcanism, it also means that these faults started their activity very early during rifting in a hot environment. Crustal thinning at the toe of the Gulf of Lion margin was completed respectively in the Oligocene (syn-rift) and the Aquitano-Burdigalian (syn-OCT, [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]. The transfer zones thus started to develop in the Late-Eocene ?-Oligocene associated to volcanism and then evolved toward more brittle deformation upward, as attested by the rough-angle faults limiting the grabens (see paragraph 5.4.).

Position of Corsica-Sardinia block at the end of rifting (Figure 16), together with the existence of the mini basins, shows that the southern part of the volcanic Province located between both NBFZ and Catalan FZ must be related to a later extension, after Sardinia moved southward probably during the Aquitano-Burdigalian (syn-OCT). Thus it could be made of proto-oceanic crust, and indeed, the limit between the oceanic domain southward is not clear in this area.

The transfer zones then continued to accommodate the differential motion until the end of back-arc basin opening in the Middle Miocene as they bound domains with different nature of the extended crust. During oceanic accretion stage, this activity must be mostly recorded further south in the oceanic domain III where younger volcanic stages should be recorded.

Around 16-15 Ma, volcanic activity in the southwestern Corsica margin [START_REF] Marti | Cenozoic magmatism of the Valencia trough, western Mediterranean: Relationship between structural evolution and volcanism[END_REF][START_REF] Lustrino | Beginning of the Apennine subduction system in central western Mediterranean: constraints from Cenozoic "orogenic" magmatic activity of Sardinia, Italy[END_REF]Rehault et al., 2012; Figure 1) is indeed aligned with the Arlesian FZ.

The adakitic lavas emplaced in the deepest part of the Liguria-Corsica Basin around 15Ma, for instance, are interpreted as linked to either the final stages of active subduction, or alternatively of a slab tearing linked to the southeastern retreat and steepening of the slab [START_REF] Réhault | Offshore Oligo-Miocene volcanic fields within the Corsica-Liguria Basin: Magmatic diversity and slab evolution in the western Mediterranean Sea[END_REF]. Post-rotation calk-alkaline lavas are also present in the whole Valencia to Ligurian domains and K-rich calk-alkaline activity persists in Sardinia until 14 Ma. Some of the volcanic edifices (pink volcanoes in Figure 9) spread in the post-rift unit (Langhian ? / Serravalian?) could be consistent with this second magmatic stage of alkaline type.

Terminations of transfer zones

The transfer zones limiting the different crustal domains must extend northward if they have accommodated the Gulf of Lion rifting and the rotation of the Corsica-Sardinia block. A recent study [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF] has shown that the high-intensity Catalan magnetic anomaly can be explained by underplating of mafic material and a slight raise of the Moho underneath (Figure 2 and4). This deep magmatic intrusion without any significant expression at the surface could be coeval with the syn-rift magmatism of the volcanic Province evidenced in this study. The volcanic Province of the Valencia Basin and the Catalan magnetic anomaly lay however on opposite sides of the Catalan FZ. Though it displays no significant magnetic anomalies, the type X crust is located in the distal prolongation of the Catalan Magnetic Anomaly (CMA). The Moho rise below the Catalan magnetic anomaly marks an indentation in the geometry of the thinned crust within the thicker crust of the domain I of the Gulf of Lion, which could then be linked with the transtensional motion along the Catalan FZ [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]. The limit between the I and II domains of the Gulf of Lion is then proposed in this study to be offset there, the domain II drawing a reentrant towards the shelf (Figures 1 and2). Further east, along the NOPEC seismic profile, a small volcanic edifice is indeed visible on the profile, emplaced during the early stages of rifting. It lies above a smaller magnetic anomaly where some magmatic underplating is also probable [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]; Figures 1 and2). These magmatic events are associated with rifting and transfer zones, and they become rare toward the east.

On the northern margin of the Valencia Basin, the NBFZ abuts against the E-W structure showing that the relative displacement has to be accommodated by another fault segment further east, for instance the Catalan FZ. The "Escala " graben offshore Cap de Creus (Figure 1) that could also reflect the existence of transfer zones should, together with the Catalan FZ, record the motion during early rifting. Both structures however cannot be extended north of the Tet Fault (Figure 1). Indeed, no indication of a transfer zone has been observed further north and the Pyrenean thrust front in the Corbières region is not affected by N-S nor NW-SE dextral faults. This is compatible with the general kinematics of rifting that imposes an increase of the relative displacement across the transfer zone toward the center of the rifted domain, i.e. toward the south. Completing the work of [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF], [START_REF] Dofal | Étude Terre-Mer des structures de transfert pyrénéennes, Pyrénées orientales / Golfe du Lion -Interprétation sismique[END_REF] mapped deep detachments at the base of the brittle crust on this proximal area below the Catalan FZ, accommodating more and more extension southward. Onland, some NW-SE faults exist between the Catalan Ranges and the Catalan FZ (area of San Feliu and Escala) and the deformation related to the transfer zone thus seems distributed across a wide domain (Figure 1). Shear zones of Cap de Creus also trend in the same direction, though the age of their Tertiary reactivation is still debated [START_REF] Vissers | Middle Jurassic shear zones at Cap de Creus, eastern Pyrenees, Spain: a record of pre-drift extension of the Piemonte-Ligurian Ocean[END_REF][START_REF] Monié | Age Eocène 40Ar/39Ar des zones de cisaillement de basse température dans la péninsule du Cap de Creus, NW Espagne. Conséquences géodynamiques[END_REF][START_REF] Druguet | Discussion on 'Middle Jurassic shear zones at Cap de Creus, eastern Pyrenees, Spain): a record of pre-drift extension of the Piemonte-Ligurian Ocean[END_REF]. This is also the place where the Moho isobaths, parallel to the Spanish coast, turn and become also NNW-SSE, displaying the thinning of the eastern Pyrenean crust in that area (less than 28 km thin crust onland, Figure 2; Wehr et al., 2015;[START_REF] Chevrot | The non-cylindrical crustal architecture of the Pyrenees[END_REF]. The NW-SE Catalan FZ is another major limit between this area and the very thin crust eastward offshore in the Gulf of Lion (Figure 2). Here the new models from [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF], show a very rough crustal limit below the Catalan magnetic anomaly, from 28 km thick crust to 20 km. Free-air gravity map also nicely highlights this rough limit where basement deepens abruptly (east of Cap de Creus, Figure 14). The Catalan FZ thus clearly accommodated the relative displacement between the crust of the Gulf of Lion and that of the Pyrenees with an increasing amount of slip toward the south. This questions the possible relationship between the NBFZ and the Escala/San Feliu structures onland. If the E-W structure offsets the transfer zone, it should be post rift. This E-W enigmatic high not only appears in the bathymetry but also draws a large structural high (Figure 1 and 13). It could be a Miocene volcanic edifice but no magnetic anomalies are linked to it, and the results of the Sardinia wide-angle seismic experiment favor an interpretation in term of continental crust [START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF]. Another possibility is that the NW-SE fractures linked to the transfer zone are inherited structures present before the Oligo-Miocene extension, linked to the orogenic Pyrenean stage. Post-orogenic extension structures in the Pyrenees starts with the Cerdagne graben along the NE-SW trending Tet fault, which main direction of extension is roughly parallel to the transfer zones and is thus kinematically compatible.

To the south, the NBFZ limits the east Minorca continental margin and should become a transform fault as oceanic domain appears. The large and progressive deepening of the basement of the east Minorca margin does not seem to mimic the structure of a transform margin, nor the curvature of the margin opposite to that of the small circles deduced from the Corsica-Sardinia rotation. Deep data are however missing in the area and the Moho is however rather steep, following the steep gravimetric contrast between the shelf and the lower margin (Figure 2 and 13). Note that the positive gravity high is trending strictly parallel to the transfer zones and another major transfer structure should be located here.

Contrasting with the other Balearic Islands, Minorca Island does not seem to show any Betic structures. No Alpine or Pyrenean features as observed in Sardinia and Corsica have either been observed [START_REF] Sàbat | Minorca, an exotic Balearic island, western Mediterranean[END_REF]. The main structure that separates the island into two distinct parts (the NW Mesozoic part from the SE Miocene part) is interpreted as an extensional early to middle Miocene high-angle normal fault, trending WNW-ESE [START_REF] Sàbat | Minorca, an exotic Balearic island, western Mediterranean[END_REF]. Though this trend is not strictly parallel to the NBFZ, the authors relate it to the right-lateral movement along the transfer zone, in accordance with former works [START_REF] Mauffret | Structural geometry in the eastern Pyrenees and western Gulf of Lion, Western Mediterranean[END_REF], which would exclude any important rotation of the Island as proposed by Pares et al., (1992).

Crustal thinning processes

The transfer zones divide the Valencia Basin in subbasins. Southwest of the Ibiza FZ, the western closure of the Valencia Basin is characterized by the well preserved Mesozoic Columbretes Basin with the development of large volcanic edifices, with large outcrops in the Columbretes Islands (Figure 1). Between the Ibiza FZ and the Central FZ, the Central subbasin shows less volcanism, a crust as thin as 9 km with an uplifted Moho (Figure 2) and the absence of lower crust along the axis [START_REF] Gallart | Lateral variations in the deep crustal structure at the Iberian margin of the Valencia trough imaged from seismic reflection method[END_REF][START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF]. East of the Central FZ, the volcanic Province extends all the way to the Catalan FZ. West of the NBFZ the volcanic layer is thick, over 3 km, and the crust underneath is thick (approximately 8km), while east of the NBFZ the volcanic layer is thinner (between 1 and 2 km) as well as the crust (4-6 km). East of the Catalan FZ, the crust is thin (4-6 km) with constant thickness in the X crustal domain. The transfer zones clearly separate different crustal domains in the Valencia basin and its transition to the Liguro-Provençal Basin and accommodate the laterally increasing finite rates of extension.

In the entire study area, widely distributed discontinuous reflections are often bent when approaching shallow-dipping reflections that belong to the lower continental crust. In the upper part of the crustal layer these dipping reflections become steeper and control the geometry of mini basins filled with syn-rift to syn-OCT sedimentary units. In the lower part of the crust, they are associated with domes (Figure 12) uplifting the Moho discontinuity and thus have the geometry of low-angle extensional shear zones. Two levels of low-dipping reflections could in fact be identified with the Moho (Figure 7, SPBal23 between NBFZ and Catalan FZ). The space between these two is better correlated with the high-velocity material, the 7.16 to 7.9 km/s velocity level of ESP2 (Figure 7) and could correspond to mafic material intruding the lower part of the crust. The magnetic anomalies above both transfer zones are indeed as wide and as intense as the Catalan Magnetic Anomaly in the Gulf of Lion and could be explained in the same way [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]. Mafic material underplated below the transfer zones, and not only the volcanoes, could explain the magnetic anomalies oriented NW-SE whereas weaker magnetic response is present in the other parts of the volcanic Province. The velocity is however high to be mafic material modeled by a 6.5-7.0 km/s velocity in the case of the Catalan Magnetic Anomaly. In this case the domes observed below the low-angle extensional shear zones could then alternatively be made of uplifted mantle, partly serpentinized, the high velocity recalling the 7-7.5 km/s anomalous level of the exhumed domain.

The steeper faults associated with the narrow mini basins filled with the SR unit cut the entire volcanic layer and reach the lower part of the crust underneath. They are associated with later stage of extension and can be interpreted as narrow pull-apart-type basins or transtensional basins along the faults of the transfer zone (Figure 12), but the density of the seismic profiles does not allow ascribing them a precise geometry everywhere. The magmatism associated with this transtensional movement should be expressed by the late pulses of the volcanic Province, and possibly by underplating directly linked to the transfer zones. Indeed, the transtensional motion along the transfer zone can lead to an opening of pull-apart basins and crustal thinning that can initiate/increase the production (Vöring and the More margins, [START_REF] Berndt | Controls on the tectono-magmatic evolution of a volcanic transform margin: the Voring Transform Margin, NE Atlantic[END_REF][START_REF] White | Magmatism at rift zones: The generation of volcanic continental margins and flood basalts[END_REF][START_REF] Pedersen | Vøring Plateau volcanic margin: Extension, melting and rifting[END_REF]. Transfer zones, which accomodate different extension rates, constrain the emplacement of the volcanic and/or magmatic bodies, locally absent (or in less quantity) in the grabens, where also vertical stress is the strongest. Also, the parallelism of domes (boudins) with the strike of faults (Figure 12) is compatible with the formation of metamorphic core complex in a transtensional environment. Le [START_REF] Pourhiet | Lithospheric convective instability could induce creep along part of the San Andreas fault[END_REF] have modelled this situation in 3-D and showed that a component of strike-slip shearing within an overall extensional regime leads to the formation of a-type domes parallel to the direction of extension [START_REF] Jolivet | Strain localization during crustal-scale boudinage to form extensional metamorphic domes in the Aegean Sea[END_REF]2015) like those observed in the central and eastern Aegean Sea above a first-order tear in the Hellenic slab. In comparison with the Eastern Aegean the transition between the Gulf of Lion and Valencia Basin shows some similarities like these atype domes and low-angle extensional shear zones instead of pure strike-slip faults. The NBFZ and the Catalan FZ would then be, like in the Eastern Aegean [START_REF] Roche | Slab fragmentation beneath the Aegean/Anatolia transition zone: Insights T from the tectonic and metamorphic evolution of the Eastern Aegean region[END_REF], zones of lateral gradients of extension instead of well-defined and localized major vertical strike-slip faults, a situation compatible with the hot and ductile regime of deformation during rifting. Between these transfer zones, ductile extension is distributed in an oblique deformation, leading to a rather constant crustal thickness that decreases stepwise across the transfer zones.

East of the Catalan FZ, the highly reflective, ductilely deformed and attenuated crust attests for an important thinning and the entire X domain could correspond to a single largely evolved "dome" of exhumed material. A stronger thinning here is explained by a longer extensional period whereas in the volcanic Province, extension stopped as rifting ended.

Stronger vertical stress could explain the absence of volcanism in that area, despite its hot characteristics. Indeed, the X domain faces the Calalan Magnetic Anomaly in the proximal domain with an uplifted Moho (Figure 4). In that case, another transfer zone is suggested to bound the X domain to the eastern Liguro-Provençal boundary, along strike with the one proposed by [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF] and with the MSC-related diapirs indentation (Figures 1).

The X domain thus represents a distal transfer "corridor" that must have been active during the syn-OCT period, after rifting (Figure 16).

The thin crust of the entire study area then appears full of extensional shear zones and domes or crustal boudins thus suggesting a ductile behavior during the beginning of extension. This ductile behavior has then evolved toward more brittle and deposition of synrift sediments in asymmetric mini basins. 5.5. Eastern Valencia basin: a volcanic margin ?

The ductile thinning and the intense associated magmatism show all the characteristics of a hot passive margin [START_REF] Clerc | Rifted margins: ductile deformation, boudinage, continentward-dipping normal faults and the role of the weak lower crust[END_REF][START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF]2018), with intense shearing and boudinage. The geometry and nature of the crust in the transition zone between the Valencia Basin and the Gulf of Lion thus shows an atypical passive margin with an intensely stretched reflective crust and a thick volcanic cover.

The transition from the east Alboran Basin to the Algerian Basin shows some similarities with our observations. Booth-rea et al. ( 2007) describe there the succession of three crustal domains from west to east, a thinned continental crust, a magmatic arc crust composed of a reflection-free volcanic layer and a mid-crustal layered level, similar to our observations, and finally true oceanic crust. The transition between the three domains is gradual but no major faults have been observed. In the area between the Alboran Basin and the Internal Betic Cordillera, large-scale detachments and a-type domes accommodate the lateral westward motion during slab tearing from 20 to 8 Ma [START_REF] Jabaloy | The Alpujarride-Nevado-Filabride extensional shear zone, Betic Cordillera, SE Spain[END_REF][START_REF] Augier | Late Orogenic doming in the Eastern Betics: Final exhumation of the Nevado-Filabride complex and its relation to basin genesis[END_REF][START_REF] Jolivet | Subduction, convergence and the mode of backarc extension in the Mediterranean region[END_REF]. The general situation within a back-arc basin and above a slab tear is similar to the transition between the continental Valencia Basin and the oceanic Liguro-Provençal Basin across the NBFZ and Catalan FZ. One may thus speculate that this geometry is characteristic of crustal thinning to accommodate lateral gradients of finite extension in a hot environments above slab tears. Magmatic or not, many rifted margins show such a ductile behavior anyway, in similar back-arc setting or not. The example of the South Atlantic and its volcanic margins is exemplary of this ductile behavior in worldwide large oceans. The Uruguay and Namibia margins [START_REF] Clerc | High-temperature metamorphism during extreme thinning of the continental crust: a reappraisal of the North Pyrenean passive paleomargin[END_REF]McDermott et al., 2015) show a ductilely deformed lower crust with shallow-dipping shear zones and crustal boudins. In these two cases the hot and ductile character of the margin can be readily associated with the large amounts of magmatism emplaced during rifting. It is not clear how much mafic magmas have underplated the distal margins but the width and thickness of the volcanic Province lead us to assume that it corresponds to large amounts. In these respects the eastern Valencia Basin could be considered a volcanic margin, given the extent and thickness of the volcanic Province observed on seismic profiles.

On the opposite side of the Catalan FZ, magmatism was much less intense during rifting. Underplated magmatic material is however suspected below the northern part of the Catalan FZ as well as below the distal part of the Gulf of Lion margin and small volcanic edifices are observed on the profiles [START_REF] Jolivet | Continental breakup and the dynamics of rifting in back-arc basins: The Gulf of Lion margin[END_REF][START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF]. Anyway, some hot margins are also observed without any significant magmatism, as the Gabon and South Angola rifted margins that show intense boudinage of the crust below and thick syn-rift and post-rift sedimentary cover [START_REF] Clerc | Rifted margins: ductile deformation, boudinage, continentward-dipping normal faults and the role of the weak lower crust[END_REF]. The South China Sea back-arc basin also shows a series of domes and detachments indicating a ductile behavior of the extending crust over a wide domain [START_REF] Savva | Seismic evidence of hyper-stretched crust and mantle exhumation offshore Vietnam[END_REF][START_REF] Clerc | Rifted margins: ductile deformation, boudinage, continentward-dipping normal faults and the role of the weak lower crust[END_REF][START_REF] Liang | Décollements, detachments, and rafts in the extended crust of Dangerous Ground, South China Sea: The role of inherited contacts[END_REF]. In the absence of significant magmatism, the rifted crust can thus also display a ductile behavior with similar characteristics to those of volcanic margins.

Conclusion

The investigated area is a complex transfer zone accommodating different finite rates of extension between the continental Valencia Basin and the Liguro-Provençal exhumed and/or oceanic Basin during the rigid rotation of the Corsica-Sardinia block.

The main observations of this study confirm the existence of a former suspected "volcanic basement" in the area and allow a precise description. It is observed here as a continuous volcanic layer, 1 to 3 km thick, resting on top of a thin reflective crust. The numerous volcanoes in the area are tied to this layer that, together, reveal an important volcanic Province spreading over more than 200 km long from the Central FZ in the continental part of the Valencia Basin to the Catalan FZ in the abyssal domain eastward.

The spatial association of these numerous volcanoes of the Valencia Basin with the transverse faults and the volcanic layer, shows that volcanism and transfer zones are genetically linked.

The transfer zones are also characterized by narrow syn-rift grabens (mini basins) associated at depth to low angle faults that root on deep flat layers. They display detachments that control the formation of extensional domes, uplifting the Moho and thinning the crust down to 3km locally and exhuming deeper material. The domes are oriented parallel to the faults, related upward to the mini basins. These observations allowed localizing the transfer zones precisely for the first time.

The syn-rift grabens affect the volcanic layer which is covered by the Late Aquitanian-Burdigalian unit. Most of the volcanoes spread in the syn-rift unit, in accordance with their ages and their calk-alkaline affinities. This large amount of volcanism thus emplaced at the beginning of rifting, linked with slab retreat.

The volcanic Province thins eastward and then disappears in the distal prolongation of the Catalan FZ. There, a 5 km thin crust with flat top consists of southward dipping reflections in the upper part, rooted in reflective layers. This crust passes laterally to the type II exhumed domain of the Liguro-Provençal Basin and to the oceanic domain to the South.

In the entire volcanic Province, the crust shows evidence for low-angle faults cutting both the upper and lower parts of the crust, more numerous in the vicinity of the main transfer zones. Those observations lead us to interpret them as extensional shear-zones. The mini basins are thus transtensional pull-apart basins along the transfer zones. The thin crust full of extensional shear zones and crustal boudins, together with the huge amount of volcanism in the area, suggests a ductile behavior at an early stage of extension. This ductile behavior has then evolved toward more brittle and deposition of syn-rift sediments in narrow basins.

The thinning of the Valencia Basin is illustrated by different crustal domains with different structures, thickness and depth separated by transfer zones. These crustal domains illustrate a component of SW-NE thinning that adds to the NW to SE thinning of the Liguro-Provençal Basin, highlighting the 3D complex deformation of the area. Thinning processes must integrate a significant component of transtensional motion and accommodation of lateral displacement by differential horizontal flow in the lower crust and upper mantle, associated to large amount of volcanism like in hot rifted margins. Is the eastern Valencia Basin a volcanic transform margin? The southern transition to the oceanic crust through the Minorca margin needs new deep investigations to farther discuss that crucial point.

Figure captions

Figure 1: Regional sketch of the Liguro-Provençal and Valencia Basins. Offshore: Top acoustic basement map in km (increment of each isobath= 1000m), except in the extreme Northern Ligure part of the map. Yellow thick lines : Boundaries of the crustal domains in the Liguro-Provençal Basin, I, II, and III, from [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF], modified for the upslope boundary; in black: the volcanic edifices and in grey the associated lava flows. Red lines: the trace of the transfer zones, from this study; Purple dotted line: boundary of the volcanic Province and in orange, extension of X domain (this study); black dashed areas: attested presence of Mesozoic rocks on the Iberian margin, and surrounded by white line: extension of the Mesozoic Columbretes basin. Onland: Main structural features are plotted, the Neogene grabens are in yellow.

Figure 2: Depth to Moho in km, new compilation map. The main refraction and wideangle seismic data are plotted (white or grey lines). Data are from ESCI experiment results [START_REF] Sàbat | Role of extension and compression in the evolution of the eastern margin of Iberia: the ESCI-Valencia Trough seismic profile[END_REF][START_REF] Gallart | The ESCI-Valencia Trough vertical reflection experiment: a seismic image of the crust from the NE Iberian Peninsula to the Western Mediterranea[END_REF][START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF], Valsis cruise (white stars, [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF][START_REF] Torné | Crustal thinning from the Betic Cordillera to the Alboran Sea[END_REF][START_REF] Mauffret | Long-listening multichannel seismic profiles in the Valencia trough, Valsis 2 and the Gulf of Lions, ECORS: a comparison[END_REF] and complilations [START_REF] Banda | Sutructure of the crust and upper mantle beneath the Balearic Islands (Western Mediterranean) Earth[END_REF][START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF][START_REF] Ayala | The lithosphere -asthenosphere boundary in the western Mediterranean from 3D joint gravity and geoid modeling: tectonic implications[END_REF] in the Valencia Basin, ECORS and the Sardinia cruise in the Liguro-Provençal Basin [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF][START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data, The SARDINIA Experiment-I. Gulf of Lion's margin[END_REF][START_REF] Afilhado | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data (The SARDINIA Experiment) -II. Sardinia's margin[END_REF]. We used the tomographic results onland in the Pyrenean domain (Diaz et al., 2009[START_REF] Diaz | Mapping the crustal structure beneath the Eastern Pyrenees[END_REF][START_REF] Chevrot | The non-cylindrical crustal architecture of the Pyrenees[END_REF][START_REF] Wehr | A three-dimensional model of the Pyrenees and their foreland basins from geological and gravimetric data[END_REF] and [START_REF] Mauffret | Tectonics and deep structure of the north-western Mediterranean Basin[END_REF][START_REF] Roca | The northwest Mediterranean basin, Valencia trough, Gulf of Lions and Liguro-Provençal basins: structure and geodynamic evolution[END_REF] the Lisa project) for the Pyrenean/Gulf of Lion transition zone, and [START_REF] Canva | The Catalan magnetic anomaly: Its significance for the crustal structure of the Gulf of Lion passive margin and relationship to the Catalan transfer zone[END_REF] around the Catalan Magnetic Anomaly, displaying an uplifted Moho there. Limits of the different crustal domain are from [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF] modified below the Catalan Magnetic Anomaly, and [START_REF] Driussi | Evidence for transform motion along the South Balearic margin and implications for the kinematics of opening of the Algerian basin[END_REF] in the south Balearic domain. The white area shows the places with no data. The volcanic Province domain and the X domain of this study are drawn. The Catalan Magnetic Anomaly extension is represented in the Gulf of Lion domain I by dotted aea. Red lines: location of the transfer zones (this study).

Figure 3: Synthetic cross section of the Valencia Basin. It illustrates the SW to NE thinning of the crust, modified from Maillard and Mauffret, 1999 for the whole; modified from [START_REF] Ethève | Le bassin de Valence à la frontière des domaines ibérique et méditerranéen : évolution tectonique et sédimentaire du mésozoïque au cénozoïque[END_REF] for the Mesozoic Columbretes subbasin, and from this study for the NE part of the area.

Figure 4: Map of the magnetic anomalies in the Northwestern Mediterranean sea (after Galdeano andRossignol, 1977, redrawn by Driussi et al., 2015). Black lines: limits of the volcanoes and of the volcanic Province. Dotted thin black lines: boundary of the continental (I and V), transitional (II and IV) and oceanic (III) domains from [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF], [START_REF] Afilhado | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data (The SARDINIA Experiment) -II. Sardinia's margin[END_REF], [START_REF] Driussi | Evidence for transform motion along the South Balearic margin and implications for the kinematics of opening of the Algerian basin[END_REF]. Drilling sites with volcanic rocks and their affinities are plotted in the Valencia Basin.

Figure 5: Synthetic sketch of seismic facies and associated seismic units, and their limits. We named the sedimentary units thanks to their datation (see text for correlation). Some referenced reflections display major limits between the units. V and C layers include intra-crustal characteristic reflections.

Figure 6: Seismic lines displaying the V layer. SPBal lines are located each part of the NBFZ; Valsis 806 line [START_REF] Maillard | Crustal structure and riftogenesis of the Valencia Trough, north-western Mediterranean Sea[END_REF] is crossing the volcanic Province from the DSDP ridge highlighting the Central FZ (A volcano, along strike with the Gracchus volcano, located on figure 9), to the Brutus volcano located on the NBFZ. Correlation with ESP 2 from the Valsis refraction experiment [START_REF] Pascal | Crustal and velocity structure of the Valencia Trough (Western Mediterranean) Part II. Detailed interpretation of five expanded spread profiles[END_REF]. Notice the huge Spartacus and A volcanoes included in the V layer and topping the sea-floor. The Juventius volcano is spreading in the pre-MSC unit. See text for explanations.

Figure 7: Seismic lines displaying along strike transition from the volcanic Province to the Liguro-Provençal exhumed domain II. Both lines cross the NBFZ and the Catalan FZ that separate crustal domains with different characteristics (see text for explanations).

Figure 8: Maps of the study area at the same scale, showing the location of the transfer zones, the main volcanic edifices (black lines), the V layer extension (purple dashed lines) and the X domain (orange lines). The crustal domains of the Liguro-Provençal Basin from [START_REF] Gailler | Crustal structure of a young margin pair: new results across the Liguro-Provençal Basin from wide-angle seismic tomography[END_REF] are also shown (I, II, III). A: Depth to Top acoustic basement, isobaths in seconds (base of sediments pile). It is the top of the V layer in the volcanic Province, the top of the C layer elsewhere. B: Depth to Moho, isobaths in seconds. C: base of the V layer, isobaths in seconds. D: Thickness of the V layer, isopachs in km, including the associated volcanic edifices. The V layer abruptly stops on the Catalan FZ. Each of these maps shows that the Catalan FZ in the distal domain is a main crustal limit.

Figure 9: Extension and thickness of the V layer. This map is a compilation of this work for its eastern part (new seismic data plotted on the map, black lines: SPBal; white lines: RM), and former results for the western part of the map (see [START_REF] Maillard | Tertiary sedimentary history and structure of the Valencia trough, western Mediterranean[END_REF][START_REF] Maillard | Structure et riftogenèse du Golfe de Valence, Méditerranée occidentale[END_REF]1999). We used a 4.8 km/s constant velocity for the V layer.

Figure 10: Structural context of the study area, basement and crustal thickness. A. Isobaths of the acoustic basement (in km, from 1 to 8km, increment every km). This map displays the seismic lines used in this study, in white, and the others lines (in red) combined to our data. B: Thickness of the C layer (crust without V layer), isopachs in km, (6.8 km/s constant velocity has been used), and seismic characteristics of the area (presence and extension of the different reflectors).

Figure 11: Seismic reflection expression of the NBFZ (SPBal-27) and of the Catalan FZ (SPBal-11). See text for explanations.

Figure 12: 3D sketch of the NBFZ, showing the relationship between the Syn-rift pull apart-type basins and the domes.

Figure 13: Conversion of a part of the seismic line SPBal-23 (second to km).

The resulting section in km without vertical exaggeration shows that the dome thins the crust such as down to 3 to 4 km in the NBFZ area. The yellow reflection-free deep level seems also deflected.

Figure 14: Free-air gravity anomalies (from [START_REF] Bonvalot | World gravity map. -Bureau Gravimetrique International[END_REF]. The map is centered on the Minorca lsland, showing its global straight NW-SE trend, parallel to the transfer zones and perpendicular to the Balearic Promontory regional trend. The thick crust at the northern termination of the NBFZ, below the E-W structure joins the Catalan coast around San Feliu. Thickening of the crust is also displayed around the Escala graben and steeply thins eastward along the Catalan FZ.

Figure 15: Seismic line RM116 showing the highly reflective thin crust in the X domain. The seismic facies is stratified with internal unconformities around the distal part of the Catalan FZ. A less stratified layer below seems to deepen to the N-NE, underlain by a very high amplitude continuous reflection (d, light blue line) that sinks in the mantle below the Moho of the domain II.

Figure 16: Position of the Corsica-Sardinia block after main rifting phase, Early Aquitanian-23 Ma (in red), after Romagny et al. works in progress, and Jolivet at al., (2020). In bold red lines: position of the slab. Bold black lines: transfer zones from this study. The purple domains are the main patches of syn-rift volcanism (30-23Ma) and the volcanic Province. Dashed purple: late extension/transtension related volcanism (syn-TOC, 23-20MA). Black dashed: X domain affected by late extension. The volcanic Province is along strike with the Sardinia volcanism. Southern part of Sardinia shows that the distal part of the Catalan FZ must have plaid after rifting, during exhumation phase (Aquitanian to Burdigalian, 23-20 Ma, Jolivet et al., 2015) allowing a transition to oceanic domain III to the south and to exhumed domain II to the east. 

  The volcanoes are covered by top Burdigalian, and are thus supposed to have been emplaced before the end of Burdigalian time and during the Aquitanian rifting stage in the study area, in accordance with DSDP 123 sampled on the Central FZ volcano (19 to 24 Ma,[START_REF] Riviere | Aspects géochimiques et géochronologiques du volcanisme pyroclastique dans le Golfe de Valence: Site 123 DSDP, Leg 13, Espagne-Conséquences géodynamiques[END_REF][START_REF] Marti | Cenozoic magmatism of the Valencia trough, western Mediterranean: Relationship between structural evolution and volcanism[END_REF] 

  

  

  

  

  

  

  

Acknowledgements:

We acknowledge the "Archivo Técnico de Hidrocarburos of the Spanish Ministerio de Industria Comercio" for having provided the SPBAL seismic data presented in this study.

This paper is a contribution of the OROGEN project, a common venture of Total, 813 CNRS and BRGM. Stimulating discussions with the Orogen Community helped shaping the manuscript. The authors wish to express their gratitude to Julie Tugend and 2 anonymous reviewers who provided very useful comments to improve the manuscript. We also particularly acknowledge Yoan Denele, Frederic Mouthereau, Paul Angrand and Christian Gorini for intense discussions around the seismic lines