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Introduction 44

The understanding of how convergence is accommodated by the lithosphere remains an
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Meseta (Alleghenian belt, [START_REF] Michard | The South-Western Branch of the Variscan Belt: Evidence from Morocco[END_REF][START_REF] Delchini | The Geological Evolution of the Variscan Jebilet Massif, Morocco, Inferred From New Structural and Geochronological Analyses[END_REF] and the Axial Zone of the Pyrenees [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF] (Fig. 1).

The Variscan domains of the Pyrenees provide excellent markers to study the influence of combined lateral and vertical strain partitioning during structural plate reorganization that led to oroclinal bending. These domains consist of a late- Variscan (i.e., transpressive segment that corresponds to the so-called Pyrenean Axial Zone and sparse massifs under Mesozoic cover to the North, the North Pyrenean massifs (NPM) (Fig. 2a). The lower crust was affected by lateral horizontal flow while the upper crust was strongly squeezed and affected by thrusting along the direction of shortening [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]2018a). This structural pattern highlights a very peculiar crustal-scale type of deformation in the foreland of the Variscan belt during its late structural reorganization. This paper aims to clarify the role of multi-scale strain partitioning in the tectonic evolution of orogenic belts subjected to a structural late-reorganization and bending by focusing on the southern part of the Variscan belt, which is located in the core of Pangea during the late-Carboniferous to early-Permian period. To address this issue, we illustrate how vertical strain partitioning controlled gneiss dome formation in the Pyrenees by providing a new structural, kinematics, and petrological study on the Chiroulet and Lesponne massifs, located at the northwestern corner of the Axial Zone (Fig. 2a). Coupled with a synthesis of published structural, geochronological, and metamorphic data from the whole Variscan domains of the Pyrenees (Figs. 2b & 2c), these data are integrated at the scale of the southwestern Variscan belt. We highlight how the interaction between localization of mantle heat source and large-scale vertical and lateral strain partitioning led to the coexistence of strike-slip, compressional/transpressional, and extensional/transtensional tectonic belts. By comparing the Variscan belt of Western Europe with
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the west Himalayan syntax, we discuss the influence of initial and boundary conditions and thermal states of the colliding lithospheres on finite strain patterns in a context of lithosphere bending.

Geological setting

The Variscan domains of the Pyrenees in the Variscan belt

The Western Europe massifs (i.e., Armorican Massif, Iberian Massif, French Massif Central, Bohemian massif, Fig 1) recorded a late-Carboniferous to early-Permian orogenic dismantling associated with high-thermal conditions. This plate-scale event took place after a period of amalgamation of a series of micro-plates with Laurussian margin and a major collisional event of these amalgamated continental blocks with the Gondwana land-mass, during Devonian and Carboniferous times (e.g., von Raumer et al., 2013;Edel et al., 2018;[START_REF] Lotout | From Burial to Exhumation: Emplacement and Metamorphism of Mafic Eclogitic Terranes Constrained Through Multimethod Petrochronology, Case Study from the Lévézou Massif (French Massif Central, Variscan Belt)[END_REF].

During the main collision phase in Western Europe massifs, the Variscan domains of the Pyrenees corresponded to the distant foreland of this orogenic system that recorded deep-sea to platform sedimentation at Devonian to mid-Carboniferous times (see García-Sansegundo et al., 2011 and references therein) and ultimately turbiditic deposition [START_REF] Delvolvé | Variation de l'âge des sediments calcaires et "Culm" carbonifère dans la chaine varisque du sud de la France : migration de l'orogenèse varisque[END_REF].

Flysch deposition is associated with an early tectonic phase, called D1, that was locally preserved as a relic in the Axial Zone (Cochelin et al., 2017 and references therein). Where preserved, D1 features are characterized in the upper crust by south-westward to westward thrusts and recumbent or overturned folds [START_REF] Matte | Les plis hercyniens kilométriques couchés vers l'ouest-sud-ouest dans la région du pic du Midi d'Ossau-col du Somport (zone axiale des Pyrénées occidentales)[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. These structures induce no significant stratigraphic or structural breaks and were interpreted as reflecting thin-skinned tectonics in the distant foreland of the Variscan belt, between 325-310 Ma [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF].

Few occurrences of foliation relics were noticed in the mid-to-lower crust but its relation with D1

Accepted Article

This article is protected by copyright. All rights reserved.

structures observed in upper crustal levels remains unconstrained (de Hoÿm de [START_REF] De Hoÿm De Marien | Two-stage Variscan metamorphism in the Canigou massif: Evidence for crustal thickening in the Pyrenees[END_REF]. The D1 tectono-metamorphic event in the Pyrenees is poorly recorded, but it is supposed to produce moderate thickening of the crust, as exemplified by preserved occurrences of prograde M1 metamorphism (Barrovian) in the Canigou massif (de Hoÿm de Marien et al., 2019, Fig. 2c).

A slight increase of pressure of about 1 kbar, from 5.5 to 6.5 kbar, has been reported by these authors.

Late Variscan deformation under a high-temperature regime is responsible for the strain pattern of the Variscan domains of the Pyrenees. This strain pattern is marked in the Axial Zone by two distinct structural levels, the so-called Superstructure and Infrastructure [START_REF] De Sitter | Tectonic development in supra and infra-structures of a mountain chain[END_REF]) that corresponds to the upper and mid-lower crustal levels, respectively. The Superstructure is made of low-grade Paleozoic metasedimentary rocks affected by intense folding [START_REF] Carreras | Structures and Tectonics at Different Lithospheric Levels Tectonic levels in the Palaeozoic basement of the Pyrenees: a review and a new interpretation[END_REF], an associated N100°E-striking steep axial plane cleavage (Fig. 3) bearing vertical stretching lineations and host the large calc-alkaline plutons [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]2018a,b). The Infrastructure corresponds to the partially molten mid-lower crust that is observed within longitudinally elongated gneiss domes [START_REF] Denèle | The Hospitalet gneiss dome (Pyrenees) revisited: lateral flow during Variscan transpression in the middle crust[END_REF][START_REF] Mezger | Transpressional tectonic setting during the main Variscan deformation: evidence from four structural levels in the Bossòst and Aston-Hospitalet mantled gneiss domes, central Axial Zone, Pyrenees[END_REF][START_REF] Mezger | Transpressional tectonic setting during the main Variscan deformation: evidence from four structural levels in the Bossòst and Aston-Hospitalet mantled gneiss domes, central Axial Zone, Pyrenees[END_REF]. These gneiss domes are defined by shallowly dipping foliation planes bearing longitudinal (i.e., parallel to the belt) stretching lineations (Fig. 3; Cochelin et al., 2018a). In details, the Superstructure is characterized by an incomplete fan of schistosity, interrupted by Alpine faults, especially the North Pyrenean Fault (NPF) to the North, with a vertical domain in the northern half part of the Axial Zone and a domain of dip decreasing southward [START_REF] Zwart | The geology of the Central Pyrenees[END_REF]Cochelin et al., 2018a). Geostatistical analysis of cleavage suggests that the zone affected this fan of schistosity was initially 80-100 km wide (Cochelin et al., 2018a). Furthermore, the northern domain localized near the NPF was mainly affected by apparently intense coaxial (i.e., non-
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A dextral component of shearing is also observed and appears restricted to the vicinity of plutons and gneiss domes (Cochelin et al., 2018a). Within gneiss domes belonging to the Infrastructure, the direction of stretching tends to evolve vertically from E-W in the core of gneiss domes to oblique or transverse at their roof (Fig. 3). There, strain localization can be observed within the andalusite zone forming retrogressive extensional shear zones (Van den Eeckhout [START_REF] Van Den Eeckhout | Hercynian crustal-scale extensional shear zone in the Pyrenees[END_REF][START_REF] Mezger | Polymetamorphism and ductile deformation of staurolitecordierite schist of the Bossòst dome: indication for Variscan extension in the Axial Zone of the central Pyrenees[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF][START_REF] Le Bayon | Anatomy of an extensional shear zone leading to the exhumation of the middle crust within the Canigou dome (Eastern Pyrenees, Axial Zone)[END_REF]. The gneiss domes are mostly folded, with folds showing steep or south verging overturned limbs that are partially reworked by steep reverse-dextral shear zones [START_REF] Carreras | Hercynian mylonite belts in the eastern Pyrenees: an example of shear zones associated with late folding[END_REF][START_REF] Vilà | LP-HT metamorphism in a late orogenic transpressional setting, Albera Massif, NE Iberia: implications for the geodynamic evolution of the Variscan Pyrenees[END_REF][START_REF] Denèle | The Hospitalet gneiss dome (Pyrenees) revisited: lateral flow during Variscan transpression in the middle crust[END_REF]2008;[START_REF] Mezger | Transpressional tectonic setting during the main Variscan deformation: evidence from four structural levels in the Bossòst and Aston-Hospitalet mantled gneiss domes, central Axial Zone, Pyrenees[END_REF]. These reverse-dextral shear zones have been developed under amphibolite-to-greenschists facies conditions and defined an anastomosed network that has affected the evolution of gneiss domes [START_REF] Denèle | The Hospitalet gneiss dome (Pyrenees) revisited: lateral flow during Variscan transpression in the middle crust[END_REF]Cochelin et al., 2018a) and the dynamics of pluton emplacement [START_REF] Gleizes | The main phase of the Hercynian orogeny in the Pyrenees is a dextral transpression[END_REF][START_REF] Denèle | Progressive deformation of a zone of magma transfer in a transpressional regime: The Variscan Mérens shear zone (Pyrenees, France)[END_REF].

The mode of formation of the Superstructure and the Infrastructure was widely debated since the '60s (e.g., see [START_REF] Carreras | Structures and Tectonics at Different Lithospheric Levels Tectonic levels in the Palaeozoic basement of the Pyrenees: a review and a new interpretation[END_REF] but a coeval formation under N-S shortening-dominated transpression, called D2, reached consensus since two decades (e.g., [START_REF] Gleizes | The main phase of the Hercynian orogeny in the Pyrenees is a dextral transpression[END_REF][START_REF] Mezger | Transpressional tectonic setting during the main Variscan deformation: evidence from four structural levels in the Bossòst and Aston-Hospitalet mantled gneiss domes, central Axial Zone, Pyrenees[END_REF][START_REF] Denèle | Timing of granite emplacement, crustal flow and gneiss dome formation in the Variscan segment of the Pyrenees[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. Coeval formation of these two structural domains was interpreted as reflecting vertical strain partitioning between a partially molten and hot middle crust and the cold upper crust [START_REF] Denèle | The Hospitalet gneiss dome (Pyrenees) revisited: lateral flow during Variscan transpression in the middle crust[END_REF][START_REF] Mezger | Transpressional tectonic setting during the main Variscan deformation: evidence from four structural levels in the Bossòst and Aston-Hospitalet mantled gneiss domes, central Axial Zone, Pyrenees[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. It should be noted that this vertical structural zonation was only partially recognized in the NPM.

While a transpressional regime was advocated in the Trois-Seigneurs and the Agly massifs [START_REF] Leblanc | Variscan dextral transpression in the French Pyrenees: new data from the Pic des Trois-Seigneurs granodiorite and its country rocks[END_REF][START_REF] Gleizes | The main phase of the Hercynian orogeny in the Pyrenees is a dextral transpression[END_REF][START_REF] Olivier | Gneiss domes and granite emplacement in an obliquely convergent regime: New interpretation of the Variscan Agly Massif (Eastern Pyrenees, France)[END_REF], the other massifs (Ursuya,
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Castillon, St Barthélémy) have been affected by crustal thinning, permitting the exhumation of 204 Low-Pressure granulites thanks to the activation of extensional shear zones/detachments bearing 205 mainly transverse direction of stretching (Fig. 3) [START_REF] De Saint Blanquat | The ductile normal fault of the Saint Barthélémy Massif Variscan evolution of the north-pyrenean catazonal massifs considered from the viewpoint of their Accepted Article This article is protected by copyright[END_REF]Cochelin et al., 206 2017[START_REF] Saspiturry | Tectono-sedimentary evolution of a rift system controlled by Permian post-orogenic extension and metamorphic core complex formation (Bidarray Basin and Ursuya dome, Western Pyrenees)[END_REF]. In the Agly massif, crustal thinning was described as occurring 207 during dextral transpression [START_REF] Olivier | Gneiss domes and granite emplacement in an obliquely convergent regime: New interpretation of the Variscan Agly Massif (Eastern Pyrenees, France)[END_REF][START_REF] Vanardois | Kinematics, deformation partitioning and late Variscan magmatism in the Agly massif, Eastern Pyrenees, France[END_REF][START_REF] Siron | Contribution of magmatism, partial melting buffering and localized crustal thinning on the late Variscan thermal structure of the Agly massif (French Pyrenees)[END_REF].

208

The late-Carboniferous/early-Permian thermal anomaly is characterized in the Variscan massifs 209 of the Pyrenees by partial melting of the mid-lower crust under Low-Pressure amphibolite facies 210 in the Axial Zone and Low-Pressure granulite facies in the NPM [START_REF] Vielzeuf | Relations de phases dans le faciès granulite et implications géodynamiques: l'exemple des granulites des Pyrénées[END_REF]de Saint 211 Blanquat et al., 1990;[START_REF] Guitard | Métamorphisme hercynien[END_REF][START_REF] Vilà | LP-HT metamorphism in a late orogenic transpressional setting, Albera Massif, NE Iberia: implications for the geodynamic evolution of the Variscan Pyrenees[END_REF][START_REF] Aguilar | P-T-t-d evolution of orogenic middle crust of the Roc de Frausa Massif (Eastern Pyrenees): a result of horizontal crustal flow and Carboniferous doming?[END_REF], Lemirre, 2018, 212 Figs. 2c, d &e). In details, available PT estimates for peak metamorphism show that apparent (e.g., the Bossost dome), or cooling and decompression (the Albères massif, Fig. 2c). Locally, 222 decompression was followed by heating and a slight increase in pressure (e.g., the Canigou and

223

Aston domes, Fig. 2c).

224

Partial melting in the mid-lower crust is associated with intrusion of numerous large calk-alkaline 225 plutons in the upper crust (i.e., between 2 and 3 kbar, Fig. 2c) and leucogranites or mafic sills in
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This article is protected by copyright. All rights reserved. leucogranite sheets for the Chiroulet dome. Metamorphic conditions of partial melting have been 250 estimated at ca. 700 °C and 4.2 kbar in the Lesponne dome (i.e., at mid-crustal depths, see 251 Lemirre et al., 2019, Fig. 2b). Geochemistry shows that the dioritic magma is associated with a 252 mantle source while leucogranites are issue from partial melting of surrounding metasedimentary 253 rocks [START_REF] Lemirre | Origin and duration of late orogenic magmatism in the foreland of the Variscan belt (Lesponne -Chiroulet -Neouvielle area, French Pyrenees)[END_REF]. In the Lesponne and Chiroulet massifs, partial melting started at ca.

254

303 Ma and the final crystallization of magmas occurred at ca. 290 Ma, suggesting that the mid-255 lower crust stayed hot (i.e. around 700°C) and partially molten during 10 My (Lemirre et al.,256 2019, Fig. 2c). Based on petrostructural studies, [START_REF] Pouget | Géologie de la région de Lesponne (Hautes-Pyrénées) = Geology of Lesponne area[END_REF][START_REF] Pouget | Le massif granitique de Lesponne (Hautes Pyrénées): Un exemple de massif plutonique hercynien à mise en place diapirique syncinématique[END_REF] and [START_REF] Pouget | Typologie et mode de mise en place des roches magmatiques dans les Pyrénées hercyniennes[END_REF] 257 have proposed that these massifs form two magmatic diapirs intruding the upper crust in a 258 context of orogenic collision. However, the absence of published mineral-stretching lineation 259 measurements or kinematic data makes it difficult to ascertain the tectonic context of their 260 formation.

261

Methods

262

This work is based on 197 field stations, where petrographic, structural and kinematic analysis 263 were performed (see Supporting Information). To retrieve how the gneiss domes were emplaced 264 within the upper crust, planar and linear strain fabrics and kinematic criteria were systematically 265 measured. The studied area is characterized by the interference between two regional penetrative 266 fabrics. The first defines the main foliation within migmatites, paragneiss, and sillimanite-267 andalusite bearing micaschists. The second is an axial plane cleavage, moderately to steeply 268 dipping to the south, mainly observed in upper crustal low-grade rocks. This cleavage is marked 269 by oriented biotites and chlorites. As these two fabrics characterize respectively the Infrastructure 270 (i.e., the middle crust) and the Superstructure (i.e., the upper crust), we call them "Si" and "Ss" 271 respectively, following [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF] and consequently, the same terminology will be
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This article is protected by copyright. All rights reserved. used for lineations (Li and Ls). Specific attention was paid to the transition between Si and Ss fabrics and we present hereafter their structural relationship by showing the observed interference patterns. These results allow us to propose a revised and harmonized geological map of the area (see Supporting Information), and a structural map based on the compilation of available data and our measurements (Fig. 4b). Our dataset is also presented in Figure 5. New cross-sections over the two massifs (Fig. 6) and field observations (Figs. 7, 8 & 9) are presented, highlighting structural patterns within the upper and middle crust. Besides, 34 samples were collected within the two gneiss domes and their surrounding metasedimentary rocks. Thin-sections were prepared normal to the schistosity and parallel to the mineral-stretching lineation (XZ planes) for petrographic and microstructural analysis (Fig. 10).

Results

From a structural point of view, the studied area is divided into three domains: i) the core of the gneiss domes made of migmatites, plutonic rocks (e.g., leucogranite, diorite), and paragneisses, where only Si is observed; ii) the upper crustal domain, where Ss is the main fabrics; and iii) a transitional zone in-between, that has affected the Devonian rocks belonging to the sillimaniteandalusite zone, where interference patterns between Si and Ss can be found. We present hereafter these three domains from bottom to top.

The lower domain

The lower domain can be defined under the sillimanite-in isograd where gneissic rocks (metatexites and paragneiss) and micaschists show evidence of plastic deformation of quartz, feldspar, phyllosilicates, and alumina silicates that define the foliation Si and the stretching lineation Li.
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The map of foliation trajectories highlights a first-order concentric pattern centered on high-grade 295 rocks that define two gneiss domes with N110° and N130° long axis, for the Lesponne and 296 Chiroulet massif, respectively (Fig. 4). Foliation trajectories in north-south cross-sections (Fig. 6)

297
show that the Lesponne dome is upright and symmetrical while the Chiroulet dome is 298 asymmetrical and inclined, with foliation dominantly dipping to the south. The northern limb of 299 the Chiroulet dome is characterized by S-steeply dipping foliation suggesting a domal shape 300 overturned to the north (Figs 4b & 6). The internal structure of the domes displays second-order 301 sub domes (Fig. 4b) with apexes that correspond to the core of magmatic bodies or diatexites in 302 the Lesponne and Chiroulet domes, respectively (Fig. 4). Magmatic rocks (leucogranites and 303 diorites) and diatexites are characterized by more or less defined magmatic foliation and lineation 304 (Fig. 7a, b &c). Structural concordance between the intrusive contact of diorite-leucogranite 305 plutons with their country-rocks and the foliation Si suggests intrusion as magmatic sills (Figs. 6 306 & 7a). Moreover, consistency between magmatic mineral lineations within magmatic bodies and 307 stretching lineations within their country-rocks reflects that they were deformed synchronously 308 during magmatic events. Mineral/stretching lineations are defined by elongated quartz 309 aggregates, oriented feldspars, patches of micas (Fig. 7c), or oriented amphiboles (Fig. 7d) and 310 show a consistent N110° trend in the Chiroulet dome and N130° in the Lesponne dome (Fig. 4b).

311

Stretching is associated with strain localization into shallowly dipping C' shear bands with a 312 consistent "top to the west" sense of shear (see Cochelin et al., 2017, Fig. 10c). Injection of 313 magmatic veins is common in these shear bands, suggesting deformation during partial melting. 
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319

The microstructural study shows that paragneisses and sillimanite-bearing micaschists of the 320 lower domain from the two domes are characterized by strongly oriented fabrics (Figs. 10b,c & 321 d). The association of deformation bands in quartz grains as well as evidence of dynamic 322 recrystallization controlled by grain boundary migration (Fig. 10b) attest to deformation at high-323 temperature conditions, i.e. >500°C [START_REF] Stipp | The eastern Tonale fault zone: a 'natural laboratory' for crystal plastic deformation of quartz over a temperature range from 250 to 700°C[END_REF]Fossen and Cavalcante, 2017). In the 324 calc-silicate gneisses at the top of the migmatites, Si foliation is parallel to the transposed 325 bedding defined by the alternation of diopside-epidote-sphene layers and garnet-diopside-sphene 326 layers (Fig. 10d). Garnet-rich layer form boudins and the inter-boudins are mostly filled by quartz 327 or calcite-epidote veins (Fig. 10d). In these veins, quartz grains are also recrystallized by grain 328 boundary migration (Fig. 10d'). In the transitional domain, a high-strain fabric is marked by the total transposition of the bedding 
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Foliation trajectories show concentric patterns, surrounding domes' cores (Fig. 4b). These foliation trajectories appear highly disturbed by polyharmonic N100° to N130° trending folds, and specifically in the southern border of the Chiroulet dome (Fig. 4b). First-order folds are kilometer-scale, tight to isoclinal (Fig. 6). They exhibit asymmetrical shapes and are all overturned to the north (Figs 6 & 8a). Similar folds may be recognized from meter to decameter scale (Fig. 8). These numerous folds are responsible for multiple repetitions of the schistsmarbles intercalations, which could explain why the sillimanite-andalusite metamorphic zones are thicker where these folds exist (Fig. 6).

Li show extremely variable trends, from roughly N-S to E-W but remain dominantly parallel to the Li of the lower domain (Fig 5). On the field, the stretching lineation appears wrapped into regional to local folds (Fig. 7f), suggesting passive reorientation by folding of the Si fabric. When C' shears are associated with stretching, the relative sense of shear is also variable depending on their location in regional folds (Figs. 4b,5 & 6).

The intense folding of the Si foliation is associated with the development of an N100-130°E axial plane cleavage (Figs 4b & 6). Within the hinges of folds, it forms a crenulation cleavage Ss (Fig. 7g), which is marked by the crystallization of biotites in andalusite-sillimanite schists. Ss is E-W striking and dips moderately to the south (Fig. 5). Localization of deformation in the flanks of regional folds is recorded by the development of a mylonitic foliation mostly developed within the marbles (Fig. 9a). Strain localization strongly reduced the thickness of marbles while tectonic thickening is currently seen at the hinges (Figs 6 & 8a). Folded boudins are common (Fig. 8b,c,
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Ls lineations are systematically associated with non-coaxial "top to the north" (i.e., reverse) or "South side up" kinematics (Figs 6,8a,e,& 9a). North-directed thrusting is in accordance with the regional asymmetry of the sheared folds. Similar deformation can be observed within Silurian black schists at the top of the Lesponne gneiss dome, with strain localization of non-coaxial "top to the north" (i.e., reverse) shearing associated with N-S stretching lineations (Fig. 9b). This mylonitic contact has been locally reworked by post-Variscan faulting (see section 4.4.2 below).

At the top of the transitional zone, the Si fabric appears mostly reworked by the steep and penetrative Ss cleavage, with locally few preserved andalusite porphyroclasts. Stretching lineations are still down-dip and kinematics associated with shear bands seems to be mostly reverse (Figs. 4b & 6).

The microstructural study within the limbs of the tight to isoclinal regional folds shows the reworking of the high-temperature Si foliation by Ss mylonitic bands (Fig. 10e,e'). Core and mantle textures characterized the Ss planes (Fig. 10e) with quartz 1 ribbons and a fine-grained matrix of quartz 2 and muscovite forming the core and the mantle, respectively. Undulose extinction and deformation bands in quartz ribbons, as well as the presence of fine quartz grains, underline deformation at middle-temperature conditions probably around 400-450°C, close to the bulging/subgrain rotation transition defined by [START_REF] Stipp | The eastern Tonale fault zone: a 'natural laboratory' for crystal plastic deformation of quartz over a temperature range from 250 to 700°C[END_REF].

Near the boundary with the upper domain, chiastolitic-andalusites are partially retrogressed into white micas while biotites are retrogressed into chlorites (Fig. 10f). Chlorite is also formed in pressure shadows of andalusite porphyroclasts (Fig. 10f,f'). Andalusites show inclusions of an early fabric that could be related to peak metamorphism (i.e., Si foliation) (Fig. 10f'). Quartz
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grains document evidence of subgrain rotation recrystallization, with quartz blasts of about 20-50 μm (Fig. 10f''), suggesting that deformation occurred at a temperature around 400-500°C [START_REF] Stipp | The eastern Tonale fault zone: a 'natural laboratory' for crystal plastic deformation of quartz over a temperature range from 250 to 700°C[END_REF]. The retrogression of biotite, andalusite, and subgrain rotation recrystallization of quartz suggest that reworking of Si by Ss is associated with regional cooling from amphibolite to greenschist facies conditions. These observations are in accordance with estimates at 580°C/2.3 kbar by [START_REF] Pouget | Évolution géodynamique hercynienne des Pyrénées centrales. Contraintes structurales, métamorphiques, magmatiques et sédimentologiques[END_REF] for the peak of metamorphism associated with Si in the transitional domain.

The upper domain

This upper domain belongs to the biotite and chlorite zones, where the original bedding of the upper Paleozoic series is mainly preserved. These metasedimentary rocks are affected by tight E-W to NW-SE trending folds and a steep axial plane cleavage (Fig. 6). Ss trajectories are molding the gneiss domes, forming neutral points that are preserved at their western parts (Fig. 4b).

Locally, strain seems to be localized within Devonian marbles or Silurian black shales, where bedding is transposed. These high-strain zones delineate the longitudinal regional shear zones observed outside of the metamorphic aureoles of gneiss domes (Figs. 3 & 4,e.g., the lateral continuity of the Tourmalet shear zone). The stretching lineations Ls lying on the Ss fabrics have an N200° trend, which is parallel to the Ls measurement within the transitional domain (Fig. 5).

Ls is mostly defined by quartz aggregates, calcite ribbons, or white micas flakes. Sense of shear associated with shear planes depends on the dip direction of the shear planes and Ss, showing systematically reverse kinematics (Figs. 5 & 9b). The transition between the two directions of thrusting seems to coincide with the Tourmalet shear zone, with the first occurrences of southverging thrusts and north-dipping Ss cleavage that are well known in the rest of the Axial Zone (Figs 4b & 6, cross-section 1).
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The microstructural study of the Upper Carboniferous sandstones (Fig. 10a) evidences a welldefined cleavage Ss, marked by dissolution joints (Fig. 10g). The matrix is made of very fine grains of quartz, muscovite, and chlorite. Detrital quartz grains are poorly or not recrystallized, showing undulose extinction while quartz from the matrix form aggregates of small crystals showing homogeneous grain size probably developped by bulging recrystallization (Fig. 10g'). It suggests that deformation occurred at temperatures below 400°C [START_REF] Stipp | The eastern Tonale fault zone: a 'natural laboratory' for crystal plastic deformation of quartz over a temperature range from 250 to 700°C[END_REF], in agreement with estimates from [START_REF] Pouget | Évolution géodynamique hercynienne des Pyrénées centrales. Contraintes structurales, métamorphiques, magmatiques et sédimentologiques[END_REF] (400-220°C/2.3 kbar) for the peak metamorphism.

The detrital quartz grains show symmetrical patterns, which indicates that deformation was mainly coaxial.

Early and late deformations:

Early (D1) deformation

In the studied area, occurrences of early deformation can be deduced at a map-scale in the upper domain (Fig. 4). Indeed, moderate overprint of Ss on bedding allows preserving early D1 folds, highlighted by intercalated limestones within Devonian schists (Fig. 4). These pre-Ss folds were variably rotated, showing N-S to ENE-WSW trends outside and near gneiss dome, respectively.

Regarding the E-W cross-section (Fig. 6, cross-section 3), it appears that the dome shape of the Lesponne is oblique to regional structures as the gneiss dome was emplaced into Cambro-Ordovician rocks at the east and lower Devonian series at its western termination. This suggests regional west-verging overturned or recumbent folds, like those observed in the western part of the Axial Zone [START_REF] Matte | Les plis hercyniens kilométriques couchés vers l'ouest-sud-ouest dans la région du pic du Midi d'Ossau-col du Somport (zone axiale des Pyrénées occidentales)[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. In our studied area, the characteristics of the D1 deformation event are difficult to determine at the scale of the outcrops and no proofs of the existence of an early cleavage S1 have been underlined in the field.
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Late and post-Variscan deformation 431

The magmatic rocks belonging to the lower domain were affected by localized low-grade (i.e. 432 chlorite stability field) ductile deformation (Fig. 4). It forms E-W to NW-SE meter-scale 433 mylonitic corridors that have been precisely mapped by [START_REF] Pouget | Géologie de la région de Lesponne (Hautes-Pyrénées) = Geology of Lesponne area[END_REF], showing an anastomosed 434 pattern. These corridors are steeply dipping and induce local perturbations of Si trajectories (Fig. 435 4b). As described by [START_REF] Pouget | Géologie de la région de Lesponne (Hautes-Pyrénées) = Geology of Lesponne area[END_REF], mylonites are marked by small porphyroclasts of quartz and 6). Following Pouget, (1984), these ductile shear zones could also affect the 444 upper domain laterally and are collinear to the regional Ss fabric. Therefore, these shear zones 445 could be Late Variscan in age, like those described in section 4.3.

446

In our studied area, late brittle deformation can be frequently observed and may be related to the domes (e.g., the andalusite zone of the Lesponne dome stays centered on the sillimanite zone, 461 Fig. 4). Tilting to the north of Variscan structures can be observed at the vicinity of the NPF like 462 in the rest of the Axial Zone (see [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF] but this effect vanished 1-2 km south of 463 the fault [START_REF] Ternet | Carte géol[END_REF]. The structural and metamorphic continuity and the absence of large 464 block rotation are thus well presented in our cross-sections (Fig. 6). were formed in two steps during the D2 tectonic phase (Fig. 11). The two steps, that follow up an 470 early folding event in the upper crust (D1 phase Fig. 11a), have occurred in a continuum during 471 progressive cooling of the crust, subsequent to peak metamorphism and partial melting. [START_REF] Gleizes | Strain partitioning in a pluton during emplacement in transpressional regime: the example of the Néouvielle granite (Pyrenees)[END_REF]. This deformation, already described in the Axial Zone to the East of the Chiroulet-Lesponne area, is compatible with N-S shortening-dominated transpression and probably occurred from 310 to 300 Ma, during the main phase of pluton emplacement.

The mid-lower crust recorded orogen-parallel flow (i.e. longitudinal) and formation of gneiss domes (Fig. 11b). Gneiss dome formation suggests both gravitational instabilities linked to the presence of partially molten rocks and strain localization that induced local upward flow.

Exhumation of gneiss core is marked by an isothermal decompression path in the migmatites, up to ca. 3 kbar while the transitional domain recorded only a minor decrease of temperature (Fig. 11b). The impact of strain localization is identified by the contrasted evolution of the Chiroulet and Lesponne domes. The Lesponne dome is in fact, only affected by lateral flow while the Chiroulet dome is marked by the development of a transverse extensional shear zone on the whole pile of Devonian metasedimentary rocks (Fig. 11b). This contrasted style of evolution is correlated with various metamorphic conditions in the Devonian series of the two domes. This suggests an upward propagation of the thermal anomaly in an already structured crust, inherited from the D1 phase (Fig. 11a). The local weakening of Devonian marbles explains the formation of a kilometer-scale decollement level above the migmatites of the nascent Chiroulet dome (Fig. 11a,b). Similarly, local orogen-normal extension assisted by strain localization within marbles was also recognized in the Bossost dome located few kilometers to the east [START_REF] Mezger | Polymetamorphism and ductile deformation of staurolitecordierite schist of the Bossòst dome: indication for Variscan extension in the Axial Zone of the central Pyrenees[END_REF][START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF] or in the Canigou dome [START_REF] Le Bayon | Anatomy of an extensional shear zone leading to the exhumation of the middle crust within the Canigou dome (Eastern Pyrenees, Axial Zone)[END_REF].
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intense overprint by Ss structures (Fig. 11c). Progressive strain localization within steep 522 retrogressive shear zones at the limbs of gneiss domes allowed overturning the northern flank of 523 the Chiroulet dome (Fig. 11c). These late-Variscan shear zones are well-known in the Axial Zone 524 (e.g., [START_REF] Carreras | Zooming on Northern Cap de Creus shear zones[END_REF][START_REF] Druguet | Development of high thermal gradients by coeval transpression and magmatism during the Variscan orogeny: insights from the Cap de Creus (Eastern Pyrenees)[END_REF][START_REF] Denèle | Progressive deformation of a zone of magma transfer in a transpressional regime: The Variscan Mérens shear zone (Pyrenees, France)[END_REF]Cochelin et al., 2018b) and their 525 activation was recently constrained using U/Pb dating on apatites at ca. 289 Ma in the Central 526 Pyrenees [START_REF] Poitrenaud | Le gisement périgranitique à tungstène et or de Salau (Pyrénées, France), histoire polyphasée d'un système minéralisé tardi-varisque[END_REF][START_REF] Poitrenaud | The polyphase evolution of a late Variscan W/Au deposit (Salau, French Pyrenees): insights from REE and U/Pb LA-ICP-MS analyses[END_REF]. escape), the thickening upper crust is affected by vertical (orogen-normal) extrusion (Fig. 12a).

541

The gneiss dome formation is linked to gravitational instabilities within the partially molten mid-542 lower crust and strain localization that induced the activation of decollement levels, those latter 543 permitting partial decoupling between the two structural domains. The cooling of the crust at ca.

Accepted Article

This article is protected by copyright. All rights reserved. 300-290 Ma induced progressive coupling between the two structural domains, as highlighted by the overprint of retrogressive reverse shear zones on high-grade fabrics within gneiss domes (Figs 11 & 12a). In our model, syn-convergence late-Carboniferous/early-Permian volcano-clastic sediments (i.e., the "grey unit" and "transitional unit", see [START_REF] Pereira | Chronological link between deep-seated processes in magma chambers and eruptions: Permo-Carboniferous magmatism in the core of Pangaea (Southern Pyrenees)[END_REF] are accumulated into narrow longitudinal basins at the front of these steep thrusts (Fig. 12a) as suggested by recent studies (e.g., [START_REF] Gretter | The Late Palaeozoic-Early Mesozoic from the Catalan Pyrenees (Spain): 60 Myr of environmental evolution in the frame of the western peri-Tethyan palaeogeography[END_REF][START_REF] Lloret | Syn-tectonic sedimentary evolution of the continental late Palaeozoic-early Mesozoic Erill Castell-Estac Basin and its significance in the development of the central Pyrenees Basin[END_REF]. Similar deposition of continental detrital sediments at the front of Gzhelian thrusts was recorded in the Cantabrian Zone (e.g., [START_REF] Pérez-Estaún | A thin-skinned tectonics model for an arcuate fold and thrust belt: The Cantabrian Zone (Variscan Ibero-Armorican Arc)[END_REF][START_REF] Alonso | Paleogeographic inversion resulting from large out of sequence breaching thrusts: The León Fault (Cantabrian Zone, NW Iberia). A new picture of the external Variscan Thrust Belt in the Ibero-Armorican Arc[END_REF]. The transition from deep-sea to intra-continental sedimentation during the Carboniferous-Permian transition also suggests an increasing topography. Thus, the short-lived lateral escape of the mid-lower crust may have not been sufficient to balance overall thickening, which is typical of hot orogen deformation mode [START_REF] Cagnard | Crustal thickening and lateral flow during compression of hot lithospheres, with particular reference to Precambrian times[END_REF][START_REF] Gapais | Mountain building and exhumation processes through time: inferences from nature and models[END_REF][START_REF] Chardon | Flow of ultra-hot orogens: A view from the Precambrian, clues for the Phanerozoic[END_REF][START_REF] Bajolet | Synconvergence flow inside and at the margin of orogenic plateaus: Lithospheric-scale experimental approach[END_REF].

In the North Pyrenean Massifs, the deformation appears more heterogeneous than in the Axial Zone with evidence of longitudinal and transverse extension leading to significant crustal thinning and exhumation of the lower crust by the activation of detachment faults (de Saint [START_REF] De Saint Blanquat | The ductile normal fault of the Saint Barthélémy Massif Variscan evolution of the north-pyrenean catazonal massifs considered from the viewpoint of their Accepted Article This article is protected by copyright[END_REF][START_REF] De Saint Blanquat | The ductile normal fault of the Saint Barthélémy Massif Variscan evolution of the north-pyrenean catazonal massifs considered from the viewpoint of their Accepted Article This article is protected by copyright[END_REF][START_REF] Saspiturry | Tectono-sedimentary evolution of a rift system controlled by Permian post-orogenic extension and metamorphic core complex formation (Bidarray Basin and Ursuya dome, Western Pyrenees)[END_REF]. To explain coeval development of extensional structures in the NPM and contractional ones, mostly in the Axial Zone, some advocated the existence of a Late-Variscan NPF separating these massifs (e.g., [START_REF] Arthaud | Les decrochements tardi-hercyniens du sud-ouest de l'europe. Geometrie et essai de reconstitution des conditions de la deformation[END_REF][START_REF] Burg | Syn-to post-thickening extension in the Variscan Belt of Western Europe: Modes and structural consequences[END_REF][START_REF] Matte | The Variscan collage and orogeny (480-290 Ma) and the tectonic definition of the Armorica microplate: a review[END_REF][START_REF] Carreras | Framing the tectonic regime of the NE Iberian Variscan segment[END_REF]. Following these authors, this supposed -but never observed -lithospheric structure would act as a dextral mega shear zone or a transfer zone. Despite some uncertainties concerning the movement of the Iberian plate at Mesozoic times, a large displacement along the NPF is now widely challenged for the Alpine cycle [START_REF] Jammes | Tectonosedimentary evolution related to extreme crustal thinning ahead of a propagating ocean: Example of the western Pyrenees[END_REF][START_REF] Tugend | Formation and deformation of hyperextended rift systems: Insights from rift domain mapping in the Bay of Biscay-Pyrenees[END_REF], Canérot, 2016;[START_REF] Nirrengarten | Kinematic Evolution of the Southern North Atlantic: Implications for the Formation of Hyperextended Rift Systems[END_REF] 

Accepted Article

This article is protected by copyright. All rights reserved. 2018, Saspiturry et al., 2019, among others). Therefore, the NPM can be also reasonably considered as the northern continuity of the Axial Zone at Late Variscan times and as a part of the same late-Variscan transpressional tectonic system. In this context, considering that transverse-dominated extension is recorded in the massifs marked by granulite facies metamorphism (e.g., Agly, St-Barthélémy, Castillon, Ursuya, Fig. 3) and that the other massifs recorded only amphibolite facies metamorphism, we suggest that transverse extension is driven by local drastic rheological weakening of the crust. The contrasted structural patterns of the Axial Zone and the North-Pyrenean massifs can be interpreted in terms of lateral strain partitioning due to rheological heterogeneities within the abnormally hot crust during the late-Carboniferous to early-Permian period.

Towards an integrated view of continental mass transfers in the southwestern

Variscan realm during Pangea amalgamation

In the Variscan domain of the Pyrenees, vertical strain partitioning occurred between 310 and 290 Ma (e.g., [START_REF] Denèle | Timing of granite emplacement, crustal flow and gneiss dome formation in the Variscan segment of the Pyrenees[END_REF][START_REF] Lemirre | Origin and duration of late orogenic magmatism in the foreland of the Variscan belt (Lesponne -Chiroulet -Neouvielle area, French Pyrenees)[END_REF]Poitrenaud et al., 2020, Fig. 2b) synchronously with large mass transfers that affected the ongoing dismantling Variscan belt under abnormally hot thermal conditions (Fig. 12b). During this short period, folding of the whole Variscan belt led ultimately to the closure of the Iberian-Armorican arc [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF] and the formation of the Cantabrian Orocline (e.g., [START_REF] Weil | New time constraints on lithospheric-scale oroclinal bending of the Ibero-Armorican Arc: a palaeomagnetic study of earliest Permian rocks from Iberia[END_REF]Edel et al., 2018). Following the model of formation of the Cantabrian Orocline by bucking of the lithosphere by Gutiérrez- [START_REF] Gutiérrez-Alonso | Orocline triggered lithospheric delamination[END_REF], shortened areas are supposed to be restricted to the inner parts of the arc (i.e., the Cantabrian Zone) while the outer arc was subjected to widespread extension or wrenching. This model explains lateral strain partitioning in NW Iberia but fails to explain why compression/transpression occurred coevally in many places in the southern realm of the
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Variscan belt (see the introduction, Fig. 1). We propose that occurrences of transpressive restraining bends in the southern Variscan belt at the late-Carboniferous to early-Permian period reflect lateral strain partitioning and global reorganization of weak continental masses following the ultimate accretion of Gondwana and Laurentia (Fig. 11b). Indeed, the persistence of high geotherms in the Variscan belt (e.g., Fig. 2d,e) due to widespread partial melting and accumulation of magmas in the middle crust after lithospheric delamination (Gutiérrez- [START_REF] Gutiérrez-Alonso | Orocline triggered lithospheric delamination[END_REF][START_REF] Buzzi | Petrogenesis of postorogenic Lower Permian andesites in southern Europe: insights into the collapse of the Variscan range[END_REF][START_REF] Laurent | Protracted, coeval crust and mantle melting during Variscan late-orogenic evolution: U-Pb dating in the eastern French Massif Central[END_REF], as exemplified in most of the massifs (Fig. 11b), favored global strain partitioning and triggered extreme mobility of the continental crust. In such a model, three end-members are exemplified (Fig. 12), reflecting how strain can be partitioned within the orogen: i) transpressive restraining bends (Variscan crust of the Pyrenees; Fig. 12a) ii) domains affected by lateral escape combining wrenching and lateral extension (Armorican Massif; Fig. 12c), and iii) those affected by transverse extension and gravitational collapse, (East Massif Central; Fig. 12d). Coeval generation of folds and steep thrusts showing E-W trends in the Cantabrian Zone and the Axial Zone in response to N-S shortening (in present coordinates) in Iberia implies that these two massifs could have formed a single and continuous transpressional restraining bend. The Cantabrian-Axial Zone restraining bend could extend eastward in a Gondwananan autochtonous domain that could correspond to the Mycenian domain belonging to the Paleotethys realm [START_REF] Stampfli | The formation of Pangea[END_REF] but such a hypothesis remains uncertain because of the dismembering of the Iberian plate at Cenozoic times [START_REF] Jolivet | Fast dismantling of a mountain belt by mantle flow: Late-orogenic evolution of Pyrenees and Liguro-Provençal rifting[END_REF]. At least two other restraining bends were formed at the Carboniferous-Permian boundary, both southwestward (the Alleghanian belt) and northeastward (Maures -Sardinia -Alpine External Crystalline Massifs) (Fig. 12b). Therefore, it appears that shortening was not only accommodated around bending oroclines as expected by [START_REF] Pastor-Galán | Late Paleozoic Iberian Orocline(s) and the Missing Shortening in the Core of Pangea. Paleomagnetism From the Iberian Range[END_REF] but at a larger scale, within
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the entire core of the Pangea supercontinent, coupling lateral extension, wrenching (Fig. 12c), 614 and the formation of highly shortened domains (Fig. 12a,b). The Western arcuate Variscan belt has been compared to the Pamir West Himalayan syntax 617 [START_REF] Matte | Tectonics and plate tectonics model for the Variscan belt of Europe[END_REF][START_REF] Hernández Enrile | Extensional tectonics of the toledo ductile-brittle shear zone, central Iberian Massif[END_REF]. Since oroclinal bending appears to occur in a very different way as the 618 Indian Craton indenter have no equivalent in the weak late-Variscan domain squeezed between 619 the Laurussia and Gondwana cratonic land-masses (Fig. 13), these two belts are indeed 620 characterized by (i) development of crustal-scale strike-slip shear zones on the two branches of a 621 nascent syntax (e.g., Martínez Catalán, 2011;[START_REF] Zhang | Cenozoic tectonic rotations in different parts of the NE Pamir: implications for the evolution of the arcuate orogen[END_REF], (ii) strain partitioning 622 processes leading to the exhumation of the deep crustal rock within extensional gneiss domes and 623 syn-convergence lateral and transverse escape of the weak mid-lower crust [START_REF] Gapais | Synconvergence spreading of the higher Himalaya crystalline in Ladakh[END_REF] 624 [START_REF] Stephenson | Structure of the Main Central Thrust zone and extrusion of the High Himalayan deep crustal wedge, Kishtwar-Zanskar Himalaya[END_REF][START_REF] Martínez Catalán | The late Variscan HT/LP metamorphic event in NW and Central Iberia: relationships to crustal thickening, extension, orocline development and crustal evolution[END_REF][START_REF] Gapais | Extensional tectonics in the Hercynian Armorican belt (France). An overview[END_REF][START_REF] Rutte | Building the Pamir-Tibet Plateau-Crustal stacking, Extensional Collapse, and Lateral Extrusion in the Central Pamir: 2. Timing and Rates[END_REF], (iii) 625 accommodation of deformation over large distances (i.e. more than 600 km wide orogenic belts) 626 in a hot and weak orogenic lithosphere bounded by strong and colder cratonic lithospheres (Fig. 627 13).

628

However, the spatial distribution of domains affected by lateral escape, transverse extension, and 629 compression differs in many ways. Above all, it should be noticed that NNE-SSW convergence 630 at ca. 300-290 Ma in the Variscan belt is mostly due to an intracontinental collision (i.e., intra-631 Pangea) that led to the formation of the Alleghanian belt [START_REF] Michard | The South-Western Branch of the Variscan Belt: Evidence from Morocco[END_REF]Edel et al., 2018;632 Figs. 1 & 12b), to the south-west of Western Europe. Thus, the structures that were formed at this 633 period result from the roughly northeastward propagation of stress within the initially NE-SW- 
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This article is protected by copyright. All rights reserved. compressional/transpressional domains, which are distributed as restraining bends within the whole southern part of the Variscan belt (Fig. 13a). On the contrary, the domains subjected to compression appear as restricted to the edge of the orogen in the Himalayan-Tibet system (Fig. 13b). This difference may be explained by the fact that the Variscan belt was affected at ca. 310-300 Ma by orogen-parallel stress [START_REF] Johnston | Oroclines: Thick and thin[END_REF], Edel et al., 2018) while the Himalayan-Tibet system only recorded orogen-perpendicular stress (e.g., [START_REF] Bosboom | Oligocene clockwise rotations along the eastern Pamir: Tectonic and paleogeographic implications[END_REF].

Syn-convergence gneiss dome formation by transverse extension is common in the Pamir syntax (Fig. 13b), reflecting gravity-driven instabilities within the orogenic plateau [START_REF] Rutte | Building the Pamir-Tibet Plateau-Crustal stacking, Extensional Collapse, and Lateral Extrusion in the Central Pamir: 2. Timing and Rates[END_REF][START_REF] Worthington | The Alichur Dome, South Pamir, Western India-Asia Collisional Zone: Detailing the Neogene Shakhdara-Alichur Syn-collisional Gneiss-Dome Complex and Connection to Lithospheric Processes[END_REF], which may be favored by decoupling between the lower and the upper plate [START_REF] Bajolet | Synconvergence flow inside and at the margin of orogenic plateaus: Lithospheric-scale experimental approach[END_REF]. On the contrary, gneiss dome formation by transverse extension at ca. 300 Ma remains rare in the Variscan belt, and occurrences are restricted to the Eastern Massif Central, or, as described in this study, in few NPM. While those from the NPM are similar to the gneiss domes that were developed in the Pamir syntax (i.e., syn-convergence), those from the eastern Massif Central look different. Indeed, this massif only recorded N-S extension at 305-300 Ma, leading to the development of widespread sedimentary basins and locally extensional domes (Fig. 13a) (Faure et al., 2009;[START_REF] Ducassou | Sedimentology and U-Pb dating of Carboniferous to Permian continental series of the northern Massif Central (France): Local palaeogeographic evolution and larger scale correlations[END_REF]Vanderhaeghe et al., 2020 and references therein). This suggests a regional evolution with its own dynamics in response to an asymmetric delamination process [START_REF] Laurent | Protracted, coeval crust and mantle melting during Variscan late-orogenic evolution: U-Pb dating in the eastern French Massif Central[END_REF]. There, N-S extension could also reflect the influence of the Paleothethys realm to the south (Fig. 12a), which corresponds to a geodynamic free edge. Indeed, roughly N-S extension was recorded within the Paleotethys realm since ca. 300-290 Ma (e.g., [START_REF] Angì | Metamorphic evolution of preserved Hercynian crustal section in the Serre Massif (Calabria-Peloritani Orogen, southern Italy)[END_REF]Edel et al., 2014 and references therein). In our model of continuous Cantabrian-Axial Zone restraining bend, longitudinal stretching of the weak lower crust by eastward flow combined to the dextral component of shearing in the upper crust can also reflect
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This article is protected by copyright. All rights reserved. the presence of this free edge to the east (Fig. 12a). Similarly, the propagation of the orogenic 660 front and the orogenic plateau to the west in the Himalayan-Tibet system is controlled by 661 boundary conditions. Indeed, the weak plateau involved in the Pamir syntax is extruded westward 662 as squeezed between the Tian Shan block and the Indian craton [START_REF] Rutte | Building the Pamir-Tibet Plateau-Crustal stacking, Extensional Collapse, and Lateral Extrusion in the Central Pamir: 2. Timing and Rates[END_REF]Worthington 663 et al., 2020).

664

To resume, despite both the Variscan and Himalaya-Tibet orogenic systems corresponds to weak 665 domains subjected to bending during ongoing convergence between strong cratonic blocks, they 666 document contrasted finite strain patterns. Specific strain pattern of bending orogenic system in 667 these two domains seems to be related at first-order to initial boundary conditions at the onset of 668 bending such as the direction of stress vs the trend of the earlier belt, the land-mass vs indenter 669 geometry of cratonic lithosphere, and the evolution of free-boundaries. Concerning the southern 670 Variscan belt, it appears that the marked change in the regional stress direction that has occurred 671 at about 310-300 Ma (Edel et al., 2018) was the expression of the self-subduction of the Pangea 672 that led ultimately to its break-up in Permian times (Gutiérrez- [START_REF] Gutiérrez-Alonso | Self-subduction of the Pangaean global plate[END_REF]. 
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This article is protected by copyright. All rights reserved. metamorphism induced critical weakening of the crust that was subjected to N-S horizontal shortening. The partially molten mid-lower crust was thus affected by horizontal longitudinalhere eastward -flowing while the upper crust was affected by folding and thickened. Migmatites were partially exhumed due to gravity instabilities, leading to the formation of gneiss domes by extension at their roof. This process was enhanced by the activation of a decollement level located within the kilometer-thick upper Paleozoic marbles. The gneiss domes were then amplified by folding while strain was localized within transpressional shear zones at ca. 290 Ma.

These shear zones show "top to the north" (i.e., reverse) kinematics, which is the opposite of well-known transpressional shear zones from the rest of the Axial Zone.

By integrating these structural observations at a larger scale, we show that the Axial Zone forms a symmetrical doubly verging accretionary domain where horizontal shortening is accommodated by i) N-S compression yielding northward and southward extrusion of the thickening upper crust by thrusting and ii) horizontal orogen-parallel extrusion of the partially molten lower crust, which is typical of hot orogens. The gravity instabilities were enhanced within the granulitic crust in several NPM, leading to local transverse extension. The evocation of a Late Variscan NPF as a transfer zone or a lithospheric-scale dextral shear zone is not a necessary condition to explain the differences between these neighboring Variscan massifs. As illustrated here, strain was partitioned at the scale of the whole southern part of the Variscides. At the scale of the Variscan belt, we propose that the nonrigid (i.e., weak) Pangea plate was affected by intense continental mass reorganization at the Carboniferous-Permian boundary, leading to the formation of several transpressional restraining bends, like the Cantabrian and Axial Zone bend, coevally with oroclinal bending and continental block rotations. The differences in finite strain patterns between the Variscan belt and other bent hot orogens result from contrasted initial and boundary

Accepted Article

This article is protected by copyright. All rights reserved. conditions, such as the geometry of the strong vs weak lithosphere domains, the orientation of the early belts with respect to the late-compressive stress, and the location of the free edges. In the Variscan belt, the eastward escape of the crust from the Cantabrian-Axial Zone restraining bend could be explained by the presence of a free edge to the east, corresponding to the Paleotethys realm, in a context of Pangea self-subduction. 

Figure captions:
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Migmatites are partially exhumed from ca. 4.2 kbar to 2.9 kbar, forming gneiss domes due to gravity instabilities and strain partitioning. This is marked by the activation of a decollement level in the thick Devonian marbles. Calc-alkaline plutons intrude the upper crust at this period while smaller dioritic sheets are stocked at the rheological boundary between infrastructure and superstructure; c) The cooling of the crust during N-S convergence led to the final crystallization of magma at 290 Ma, after the emplacement of the leucogranite sheets in gneiss domes. Regional cooling induced strain localization into steep transpressional shear zones and led to amplification of the domal shapes by folding. Abbreviation: WS: Wet Solidus. 
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Axial Zone form a ca. 100 km wide and 800 km long continuous shortened belt. c) Conceptual model of lateral escape having taken place in the Armorican massif, after Gumiaux et al., (2004) and [START_REF] Gapais | Extensional tectonics in the Hercynian Armorican belt (France). An overview[END_REF]; d) Conceptual model of transverse extension in the Eastern Massif Central, after [START_REF] Vanderhaeghe | Flow of partially molten crust controlling construction, growth and collapse of the Variscan orogenic belt: 1 the geologic record of the French Massif Central[END_REF]. Further explanation in the text. 
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213

  metamorphic gradient within the crust of the Pyrenees at ca. 300 Ma can be divided into two 214 parts (Figs. 2d & e), i) a first part showing high metamorphic gradients (i.e., between 55 and 215 90°C/km) up to ca. 3 kbar and ii) nearly isothermal conditions within the partial molten middle 216 crust. Temperature peak in the middle crust is around 700-750°C within the Axial Zone and 800-217 850°C within the North Pyrenean Massifs, corresponding to the wet solidus and biotite 218 dehydration melting reaction respectively (Figs. 2d & e). In most of the gneiss domes, 219 exhumation favored by extensional shearing is well imaged by clockwise PT paths (Fig. 2c), 220 implying nearly isothermal decompression (e.g., Roc de France), heating and decompression 221

314

  At the boundary between the lower domain and the transitional domain of the Chiroulet dome, 315 stretching lineations turn to N-S (Fig.4b) and C/S structures (following the definition by Gapais, 316 1989) can be observed within leucogranitic sills, with "top to the south" kinematics(Fig 6, see 

3294. 2 .

 2 The transitional domain 330 This domain affects the upper Paleozoic series. It is distributed in a large region in the Chiroulet 331 dome that corresponds globally to the extension of the andalusite-bearing micaschists and is 332 localized within the Silurian black schists in the Lesponne dome. In the Chiroulet dome, the basal 333 limit of the transitional domain corresponds to the contact between the Silurian black schists 334 turned into paragneisses and the Lower Devonian meta-carbonates, both within the sillimanite 335 zone. The upper part of this domain can reach the Upper Devonian series and the Tourmalet shear 336 zone in the southern part of the massif (Figs 4 & 6).

  337

  338and the development of a pervasive Si foliation. It is responsible for the boudinage of Devonian

  436 feldspars and by crystallization of white mica, chlorite, or epidote. The foliation mostly hosts a 437 shallow-dipping stretching lineation, defined by quartz aggregates. Steep C' shears show dextral 438 kinematics (Fig. 9c), which is consistent with the local inflection of Si trajectories (Fig. 4b). A 439 minor vertical component of movement is inferred because of shallowly plunging (i.e. with a 440 pitch between 5 to 45°) stretching lineations. The main low-grade dextral shear zone corresponds 441 to the Chiroulet shear zone, putting diatexites of the northern part of the Chiroulet massif in 442 contact with lower Devonian rocks or small sheets of Silurian black schists belonging to the 443 andalusite zone (Fig.

447

  Fig. 4). They often reactivate Variscan structures such as Ss cleavage or Si foliation plane, with

1 .

 1 Gneiss dome formation by vertical strain partitioning 467Based on our structural and microstructural observations, and the integration of petrological and 468 geochronological data, we propose a scenario in which the Chiroulet-Lesponne gneiss domes 469

472 5 . 1 . 1 .

 511 Initiation of gneiss dome formation during longitudinal mid-crustal flow 473 Deformation at peak metamorphic conditions is marked by strain partitioning between the upper 474 crust and the partially molten middle crust. The metasedimentary rocks of the upper crust were subjected to vertical stretching, folding, and formation of a steep axial plane cleavage. Synkinematic plutons such as the Néouvielle pluton to the South of the Chiroulet dome were emplaced in the upper crust and were affected by a weak deformation at sub-solidus to HT solidstate conditions

  5022b). The upward migration of the anatectic front progressively increased the geothermal gradient 503 in the above crust and led to a near isothermal gradient below[START_REF] Lemirre | Origine et développement de la thermicité dans les Pyrénées varisques[END_REF] Lemirre et al., 504 2019). The persistence of this HT geothermal gradient during at least 10 Ma(Lemirre et al., 505 2019, Fig.2b) produced a long-lasting weakening of the crust.

506 5 . 1 . 2 .

 512 Dome amplification and strain localization 507 Cross-cutting relationships of Ss and Si in the transitional domain, the late formation of north-508 verging folds and thrusts surrounding the Chiroulet dome, and the formation of chlorite-bearing 509 shear zones that crosscut both the lower and upper crustal domains suggest a continuum of D2 510 deformation during progressive cooling of the crust, after the peak of the thermal anomaly (Fig. 511 11c). Progressive cooling of the crust is attested in a significant way by the reworking of the HT 512 Si fabrics by the MT Ss fabrics in the transitional zone. Crystallization of migmatites at ca. 290 513 Ma (Lemirre et al., 2019) at the top of the gneiss domes seems to constrain the ultimate age of 514 this event. We propose that this period is characterized by a progressive coupling between the 515 transitional domain at the top of the mid-lower crust and the upper crust implying competition 516 between orogen-parallel horizontal flow within the mid-lower crust and vertical stretching in the 517 upper crust. In this context of cooling, the still weak marbles and micaschists surrounding the 518 Chiroulet dome localized compressional deformation, forming north-verging folds and thrusts 519 (Figs. 6 & 11c), and the domal shapes were amplified by large scale folding (Fig. 11c). In the 520 Lesponne dome, the Silurian black schists localized the deformation, preserving the dome from

527 5 . 2 .

 52 Impact of strain partitioning on final strain patterns in orogens528 5.2.1. Lateral and vertical strain partitioning within the Variscan crust of the Pyrenees 529 Structural studies performed at the local scale in the Axial Zone led some authors to the 530 conclusion that only south-directed thrusts can be observed (e.g., García-Sansegundo et al., 531 2011). This interpretation is due to the truncation of the northern part of the Axial Zone by 532 Alpine structures oblique to Variscan ones, especially in its eastern half part (Fig. 3). Our study in 533 the Chiroulet-Lesponne area, where north-dipping thrusts are preserved, allows us to give a more 534 complete view of the Axial Zone. For these reasons we propose in our conceptual model (Fig. 535 12a) that the Variscan Axial Zone corresponds to a doubly verging accretionary domain (i.e., a 536 narrow orogenic belt) showing south verging thrusts in the southern part, a highly shortened 537 central domain with apparently coaxial deformation and north-verging thrusts on the northern 538 domain. The layered Variscan crust of the Pyrenees is thus characterized by opposite direction of 539 extrusion in response to N-S horizontal shortening. While mid-lower crust laterally flows (lateral 540

615 5 .

 5 2.3. Strain patterns in hot bending orogenic belts and their link to geodynamic evolution 616

634trending

  Variscan belt (Edel et al., 2018 and reference therein). Strain was thus accommodated 635 within a weak lithosphere by bending oroclines, lateral escape, and the formation of

  observed in the Chiroulet and the Lesponne gneiss domes illustrate how 675 strain was vertically partitioned within a weak layered crust subjected to shortening. This gave 676 rise to first-order structural constraints to retrieve the tectonic and rheological evolution of this 677 part of the Axial Zone in a context of widespread mass transfers and oroclinal bending in the core 678 of the Pangea. 679 Subjected to a thermal anomaly from the mantle, the lower crust of the Variscan belt was 680 progressively affected by partial melting at ca. 310 Ma. Upward propagation of HT

Figure 1 :

 1 Figure 1: Structural sketch of the Variscan belt at late Carboniferous times. Source maps from

Figure 2 :

 2 Figure 2: a) Geological map of the Variscan domains of the Pyrenees, modified from Cochelin et

Figure 3 :

 3 Figure 3: Structural map of the Variscan domains from the Pyrenees, modified from Cochelin et

Figure 4 :

 4 Figure 4: a) Simplified geological map of the studied area, modified from Pouget (1984) and

Figure 5 :

 5 Figure 5: Stereogram of poles to foliation or schistosity (i.e., Si and Ss) in the lower, transitional

Figure 6 :

 6 Figure 6: Transverse and longitudinal cross-sections across the Chiroulet and Lesponne gneiss

Figure 7 :

 7 Figure 7: Photographs of gneiss, micaschists, and marbles from the Chiroulet and Lesponne

Figure 8 :

 8 Figure 8: Field photographs of the transitional domain in the southern flank of the Chiroulet

Figure 9 :

 9 Figure 9: Field photographs from the marbles and schists of the upper domain. a) & a') High-

Figure 10 :

 10 Figure 10: Microphotographs from the various rock types of the Chiroulet and Lesponne area.

Figure 11 :

 11 Figure 11: Block-diagrams and synthetic P-T diagrams illustrating the three-stage evolution of

Figure 12 :

 12 Figure 12: Illustration of how strain was partitioned within the Variscan belt in map view (b) and

Figure 13 :

 13 Figure 13: Comparison of strain patterns in a context of bending orogenic belts: a) The Variscan

  Fig. 12a

  

  

  ; G-de Hoÿm de[START_REF] De Hoÿm De Marien | Two-stage Variscan metamorphism in the Canigou massif: Evidence for crustal thickening in the Pyrenees[END_REF] H-Tournaire Guille et al., 2019; I-Siron et al., 2020; J-Aguilar et al., 2014; K-Druguet et al., 2014. 
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