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97 Introduction 98 99 More than 30 years ago, important steps in our understanding of the mechanisms of 100 continental rifting were achieved through the acquisition and interpretation of ECORS 101 seismic reflection profiles (1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994) [START_REF] Damotte | The ECORS Pyrenean Deep Seismic Surveys, 1985-1994[END_REF]. New images of crustal and 102 Moho geometries beneath stretched continental crusts were obtained, shading light on 103 important discrepancies between structural patterns at the base of rift systems. In 104 particular, ECORS profiles from the Rhine graben and the Parentis basin displayed 105 contrasting images of the thinned upper lithosphere. In the first case, the upper crust 106 appears clearly rifted and offset by stepping normal faults [START_REF] Brun | Crustal structure of the southern 931 Rhine Graben from ECORS-DEKORP seismic reflection data[END_REF] whilst, despite 107 slight tectonic inversion, the second case exhibits a smooth basement top, with gentle 108 slopes dipping symmetrically towards the basin center [START_REF] Bois | 917 Geologic contribution of the Bay of Biscay deep seismic survey: a summary of the main 918 scientific results, a discussion of the open questions and suggestions for further 919 investigation[END_REF] (Reston et 119 al., 1995;[START_REF] Manatschal | The role of detachment 1274 faulting in the formation of an ocean-continent transition: insights from the Iberia Abyssal 1275 Plain[END_REF][START_REF] Jammes | is pre-rift allowing conservation of the pre-rift cover over 740 the high-strain axial rift. Crustal faulting has not disrupted the continuity of the Triassic 741 evaporite formation, allowing for décollement of the pre-rift sequence basinward, down to 742 the distal margin. (ii) Consequently, the axial thermal anomaly is preserved and the 743 dominant ductile mode of crustal deformation prevented the formation of faulting-related 744[END_REF]Osmundsen and Peron-Pinvidic, 120 2018, and references therein).

121 Recent geological investigations in the northern units of the Pyrenean belt forming the 122 North Pyrenean Zone (NPZ) as well as in the Basque-Cantabrian basin (fig. 1) show that 123 Parentis-type basins of mid-Cretaceous age were distributed all along the boundary between 124 the northern Iberia and southern Eurasia plates, thus introducing doubts regarding the 125 ubiquitous character of Iberia-Newfoundland-type margins [START_REF] Lagabrielle | Mantle exhumation, crustal 1228 denudation, and gravity tectonics during Cretaceous rifting in the Pyrenean realm (SW 1229 Europe): Insights from the geological setting of the lherzolite bodies[END_REF]Clerc 126 and Lagabrielle, 2014;[START_REF] Teixell | The crustal evolution of the west-central 1460 Pyrenees revisited: Inferences from a new kinematic scenario[END_REF]2018;[START_REF] Asti | How do continents deform 895 during mantle exhumation? Insights from the northern Iberia inverted paleopassive margin, 896 western Pyrenees (France)[END_REF]. In this article, we first list 127 the main characteristics of these Parentis-type basins, based on the analysis of detailed 128 geological reconstructions from areas exposed all along the northern flank of the Pyrenean 161 sub-continental mantle is shown to have occurred coevaly with extreme thinning of the 162 continental crust in the Pyrenean realm during the mid-Cretaceous (Lagabrielle and 163 Bodinier, 2008;[START_REF] Jammes | Tectono-sedimentary evolution 1215 related to extreme crustal thinning ahead of a propagating ocean: Example of the western 1216 Pyrenees[END_REF][START_REF] Masini | The tectono-1289 sedimentary evolution of a hyper-extended rift basin: the example of the Arzacq-Mauléon 1290 rift system (Western Pyrenees, SW France)[END_REF]. Therefore, mantle exhumation 164 (locally followed by peridotite exposure up to the floor of the Pyrenean basins) is now 165 considered as a general mechanism accounting for the presence of ultramafic material 166 within the NPZ. It is established that the well-known regional high temperature and low 167 pressure (HT-LP) Pyrenean metamorphism (Ravier, 1957;[START_REF] Azambre | Le magmatisme alcalin d'age cretace, dans les Pyrenees 903 occidentales et l'Arc basque; ses relations avec le metamorphisme et la tectonique[END_REF]Bernus-168 Maury, 1984) developed along the southern NPZ in relation with continental thinning during 169 the major Cretaceous extensional event [START_REF] Vielzeuf | Crustal splitting and the emplacement of Pyrenean 1494 lherzolites and granulites[END_REF]Dauteuil and Ricou, 170 1989;[START_REF] Golberg | High temperature-low pressure Cretaceous 1153 metamorphism related to crustal thinning (Eastern North Pyrenean Zone, France)[END_REF]Clerc et al., 2015b;2016). Following the early ECORS 171 profiles [START_REF] Choukroune | The ECORS Pyrenean deep seismic profile reflection 1003 data and the overall structure of an orogenic belt[END_REF] The symmetry or asymmetry of the processes of lithosphere stretching and continental 386 breakup has been largely debated over the last 30 years (i.e. [START_REF] Buck | Thermal consequences of 945 lithospheric extension: Pure and simple[END_REF]Allemand et 387 al., 1989;[START_REF] Buck | Modes of continental lithospheric extension[END_REF][START_REF] Brun | Narrow rifts versus wide rifts: Inferences for the mechanics of rifting from 922 laboratory experiments[END_REF], with references therein). More recently, the symmetrical 388 character of the final architecture of passive margins has been discussed by many authors 389 (i.e. [START_REF] Michon | Mode of lithospheric extension: Conceptual models from 1304 analogue modeling[END_REF][START_REF] Huismans | Roles of lithospheric strain softening and heterogeneity 1181 in determining the geometry of rifts and continental margins 1182 1183[END_REF][START_REF] Reston | Detachment tectonics during Atlantic 1392 rifting: analysis and interpretation of the S reflection, the west Galicia margin[END_REF]Sutra et 390 al., 2013;[START_REF] Brune | Rift migration explains 938 continental margin asymmetry and crustal hyper-extension[END_REF]. Apparent symmetry does not imply dominant pure shear 391 thinning mechanisms but may result from asymmetrical tectonic processes involving large-392 scale discrete extensional shear zones (simple shear) as discussed by Nagel and Buck (2004) 393 (fig. 8a).

394

395 It is well admitted that architecture of extended crustal systems depends on the geometrical 396 and temporal associations between simple shear and pure shear regimes. In the pure shear 397 model of [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF], designed to explain the evolution of sedimentary basins, the 398 lithosphere is stretched uniformly resulting in a symmetrical basin with faulting in the brittle 399 crust. By contrast, the simple shear model [START_REF] Wernicke | Low-angle normal faults in the Basin and Range Province: nappe 1507 tectonics in an extending orogen[END_REF][START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF] points to one or few 400 detachment faults that originate at low-angle with dips less than 30° and concentrate the 401 entire deformation, so that, apart from the fault zones, the lithosphere is not deformed. The 402 simple shear model has been complicated with the adjonction of sequential detachments 403 faults [START_REF] Lister | The origin of metamorphic core complexes and detachment 1259 faults formed during Tertiary continental extension in the northern Colorado River region, 1260[END_REF]. Combination of pure and simple shear model was further 404 proposed [START_REF] Lister | Detachment models for the formation of 1263 passive continental margins[END_REF]. In this combination model, crustal deformation is controlled 405 by low angle detachment faulting but thinning of the mantle lithosphere results from pure 406 shear. By introducing time-dependant rheological changes at the lithospheric scale, Reston 407 and Perez-Gussinye (2007) report a complex evolution from symmetric to asymmetric 408 extension, and back to symmetric, at margins displaying exhumed mantle in the hyper-409 extended domain.

410 411 A laboratory model combining simple and pure shear has been realized by Brun and Beslier 412 (1996) in order to account for the exhumation of mantle rocks at ocean-continent 413 boundaries (fig. 8b). This model applies easily to the case of rifts with exhumed mantle such 414 as the Pyrenean and peri-Pyrenean smooth-slopes basins. This four-layer model is composed 794 in the center of the basin shows the Keuper weak zone at the base of the pre-rift cover and a 795 newly formed weak zone corresponding to the thinned crust which deforms at temperatures 796 between 300°C and 500°C. The lower crust has been extracted laterally and the brittle 797 mantle layer shows a decreasing thickness due to temperature increase from 400°C (step 1)

798 to 1000°C at only 20 km depth. [START_REF] Boillot | Ocean-continent boundary off the Iberian margin: A serpentinite diapir west 914 of the Galicia bank[END_REF], this review highlights the affinities between the 823 architecture of two types of extensional basins now variously inverted in the Pyrenean 824 orogeny. These are : (i) the extensional basins that opened during the mid-Cretaceous times
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 3 At the final rifting stage (fig.15c), extreme thinning and boudinage of the crust leads to 800 local denudation of the sub-continental mantle, which is by place in tectonic contact with 801 the pre-or syn-rift sediments. The crust in the center of the basin has been cut into few 802 lenses that move independently. The crust at both edges of the proximal domain thins and 803 moves horizontally (lateral extraction concept of[START_REF] Clerc | Thermal control on the modes of crustal thinning leading to 1010 mantle exhumation: Insights from the Cretaceous Pyrenean hot paleomargins[END_REF]. The Triassic 804 décollement layer undergoes drastic thickness reduction leading to boudinage in response 805 to fluid-assisted tectonic brecciation and to metasomatic dissolution as observed in the 806 Urdach and Saraillé massifs in the western NPZ[START_REF] Thiébault | Pre-rift to syn-rift 200 salt diapirism was also frequently observed in the non-metamorphic NPZ and in the 201 Southern Pyrenees (e.g[END_REF](Lagabrielle et al., , 2019b in press) in press).807 Due to their increasing plasticity, the HT marbles of the pre-rift cover progressively 808 accommodate a large part of the deformation at the base of the basin, involving calcite 809 plasticity and recristallization, boudinage, drag folding and low angle normal shear bands. In 810 turn, the lower levels of the syn-rift flysch sequence are progressively affected by HT 811 metamorphism and ductile deformation with bedding-parallel foliation and boudinage.812 Continuous extension of the basin floor leads also to the progressive exhumation of the 813 metamorphic pre-rift sediments, which are progressively extracted from below the syn-rift 814 cover (see complete description of this process in[START_REF] Clerc | Basement -Cover decoupling and progressive 1024 exhumation of metamorphic sediments at hot rifted margin. Insights from the Northeastern 1025 Pyrenean analog[END_REF]. In the thinnest crustal 815 portion, the rheological profile bears similarities with that of step 2. The crustal thickness 816 has now reduced to less than one km and the brittle/ductile transition has moved upward. 817 The pre-rift cover, salt décollement as well as the thinned basement thus deform years after the discovery of mantle exhumed at the foot of the north Iberia 822 passive margin