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Introduction

Continent-scale shear zones are pathways along which ductile and brittle deformation leads to segregation and transport of melts from deep to shallow crustal levels where syn-kinematic plutons might be emplaced (e.g. D' Lemos et al., 1992;[START_REF] Tikoff | Strain modelling of displacement-field partitioning in transpressional orogens[END_REF][START_REF] Tommasi | Magma assisted strain localization in an orogen-parallel transcurrent shear zone of southern Brazil[END_REF][START_REF] Brown | Shear-zone systems and melts: feedback relations and selforganization in orogenic belts[END_REF][START_REF] J O U R N A L P R E -P R O O F Brown | Granite: From genesis to emplacement[END_REF]. Large crustal-scale shearing may last tens of millions of years [START_REF] Oriolo | Geochronology of shear zones-A review[END_REF][START_REF] Carosi | Constraining the Timing of Evolution of Shear Zones in Two Collisional Orogens: Fusing Structural Geology and Geochronology[END_REF] but may also be the sum of localized and transient events (e.g. [START_REF] Fossen | Shear zones-a review[END_REF]. The duration and amount of melt production depends on main parameters such as the rock composition, melting reactions, mantle and crustal heat flux and the amount of water. Recently, water-fluxed crustal melting has been increasingly regarded as an important mechanism for initiation of voluminous melting (Weinberg and Hasalovà, 2015) and for production of large batholiths [START_REF] Collins | Water-fluxed crustal melting produces Cordilleran batholiths[END_REF] as an alternative to biotite or amphibole dehydration melting. This issue of the contribution of water-fluxed melting is disputed [START_REF] Clemens | Comment on 'Water-fluxed melting of the continental crust: A review' by RF Weinberg and P. Hasalová[END_REF] and remains to be tackle.

The dynamics of granitic pluton emplacement depends on the source of melts and the geodynamic context (e.g. Jacob et al., 2022). The timing of pluton emplacement depends on their volume and progressive infilling rates, and large batholiths (>10 km 3 ) can grow at rates of about 1-10 Ma [START_REF] J O U R N A L P R E -P R O O F Brown | Granite: From genesis to emplacement[END_REF][START_REF] De Saint Blanquat | Multiscale magmatic cyclicity, duration of pluton construction, and the paradoxical relationship between tectonism and plutonism in continentalarcs[END_REF]. Pluton emplacements in largescale shear zones can induce local stress field and modify the regional strain partitioning (e.g. [START_REF] Brun | Strain patterns of pluton emplacement in a crust undergoing noncoaxial deformation, Sierra Morena, southern Spain[END_REF][START_REF] Neves | Shear zone-controlled magma emplacement or magma-assisted nucleation of shear zones? Insights from northeast Brazil[END_REF]. To fully understand the genesis and emplacement of granitic magmas along crustal-scale shear zones, timing, rates and interplay between J o u r n a l P r e -p r o o f processes like shear deformation, melt production, melt and aqueous fluid transfer, pluton growth and emplacement must be further examined.

In the Western Alps, the Aiguilles-Rouges (AR) and Mont-Blanc (MB) massifs expose sections of middle and upper crust where migmatites and syn-kinematic Carboniferous granitic plutons are spatially and temporally correlated with the continental-scale East-Variscan Shear Zone (EVSZ; [START_REF] Guillot | Suture zones and importance of strike-slip faulting for Variscan geodynamic reconstructions of the External Crystalline Massifs of the western Alps[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF] (Fig. 1A). Previous geochronological studies have documented two distinct magmatic events at ca. 340-330 Ma and ca. 310-300 Ma (von Raumer and Bussy, 2004 and references therein). This twofold Carboniferous plutonism is typical for the Variscan basement of the External Crystalline Massifs (ECMs) of the Alps (Debon and Lemmet, 1999) and other parts of the Variscan belt (Corsica-Sardinia: [START_REF] Paquette | Episodic and short-lived granitic pulses in a post-collisional setting: evidence from precise U-Pb zircon dating through a crustal cross-section in Corsica[END_REF][START_REF] Rossi | A restored section of the "southern Variscan realm" across the Corsica-Sardinia microcontinent. Mécanique de l'orogénie varisque : Une vision moderne de la recherche dans le domaine de l'orogénie[END_REF]Vosges: Tabaud et al., 2014, 2015). In the AR and MB massifs, the Early Carboniferous plutons are small (ca. 1-2 km²) and emplaced in the upper crust whereas the Late Carboniferous plutons are large, with an approximate area of ca. 20 to 200 km² [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. These large plutons growth and crystallized in the migmatitic middle crust. The source of the granitic melts is thought coming from the deep part of the over thickened continental crust [START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF][START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]. Synchronous basic intrusions and peraluminous dykes [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF] suggest that the source is more complex. Also, the draining structures and melt-present deformation history can be better understood.

We present a multi-scale structural analysis performed to define the strain pattern of the EVSZ and the relationships with syn-kinematic granitic intrusions in the AR and MB massifs. Field work and LA-ICPMS U-Th-Pb zircon and monazite ages provide new insights about the nature of the protolith source, partial melting and emplacement age of magmatic bodies within the metamorphic basement. We propose a model for the production, ascent and emplacement J o u r n a l P r e -p r o o f of granitic magmas within the EVSZ. It emphasizes the importance of water-fluxed crustal melting and the occurrence of kilometre-scale dilation zones controlling melt transfers from the anatectic source to the pluton sink.

Geological setting

The AR and MB massifs, located in the western Alpine external domain, are two narrow NE-SW trending Variscan massifs bounded by autochthonous and allochthonous Mesozoic sedimentary rocks (Fig. 1B). These two massifs, part of the ECMs, represent an exhumed portion of the Variscan crust deformed between ca. 340 and 300 Ma (e.g. von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF][START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF] (Fig. 1). Structures in the AR massif suggests dextral transpression (von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]) and the Emosson-Bérard Shear Zone (EBSZ) is interpreted as a branch of the EVSZ network [START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]. However, the meter to regional scale strain pattern of the whole AR and MB massifs has not been documented yet.

Besides, the place of the EVSZ and ECMs within the Variscan belt reconstruction are debated (see Fig. 1A for instance) (e.g. [START_REF] Ballèvre | Pre-Alpine (Variscan) inheritance: A key for the location of the future Valaisan Basin (Western Alps)[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]Martinez-Catalan et al., 2021;[START_REF] Faure | Reconstructing the Variscan Terranes in the Alpine Basement: Facts and Arguments for an Alpidic Orocline[END_REF].

The AR and MB massifs are composed of Proterozoic and Cambro-Ordovician amphibolitic facies gneissic basement and two greenschists facies or unmetamorphosed Carboniferous basins (Servoz and Salvan-Dorénaz synclines respectively) (Fig. 1B). The protolith of the gneissic basement consists of an upper Proterozoic to Cambrian sedimentary and volcanoclastic sequence intruded by Ordovician granite laccoliths [START_REF] Bussy | Ordovician magmatism in the External French Alps: witness of a peri-Gondwanan active continental margin[END_REF][START_REF] J O U R N A L P R E -P R O O F Paquette | REE, Sm-Nd and U-Pb zircon study of eclogites from the Alpine External Massifs (Western Alps): evidence for crustal contamination[END_REF]Fig. 1B). Two metamorphic events are distinguished. The first, related to collision J o u r n a l P r e -p r o o f and crustal thickening, consists of a mid-to high-pressure metamorphism recorded as garnetkyanite bearing assemblage in micaschists and paragneisses, and as omphacite-bearing eclogitic assemblage within tholeiitic metamafic lenses [START_REF] Von Raumer | Garnet evolution in pre-Variscan pelitic rocks from the Lac Emosson area, Aiguilles Rouges Massif, Western Alps[END_REF][START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF][START_REF] Liégeois | The Lac Cornu Retrograded Eclogites (Aiguilles Rouges Massif, Western Alps France): Evidence of Crustal Origin and Metasomatic Alteration[END_REF][START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. Highpressure conditions have been estimated at 1.6-1.85 GPa and 680-750°C for the Lac Cornu eclogites [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF], and 1.3-1.5 GPa and 650-750°C for the Val Bérard eclogites (Schulz andvon Raumer, 1993, 2011) (see Fig. 1B for locations). Recently, LA-ICPMS U-Th-Pb analyses on zircon and rutile from a Lac Cornu eclogite specimen has dated the HP metamorphism at 340-330 Ma and the emplacement age of the protolith at ca. 460 Ma [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. The AR and MB massifs were subsequently metamorphosed at pressures between 0.2 and 0.6 GPa and temperatures at ~600-750°C [START_REF] Dobmeier | Geodynamische Entwicklung dessüdwestlichen Aiguilles-Rouges Massivs (West-alpen, Frankreich)[END_REF][START_REF] Dobmeier | Variscan P-T deformation paths from the southwestern Aiguilles Rouges Massif (External massif, western Alps) and their implication for its tectonic evolution[END_REF]Schulz andvon Raumer, 1993, 2011;[START_REF] J O U R N A L P R E -P R O O F Von Raumer | Lac Cornu revisited: The evolution from lower to upper crust (Aiguilles-Rouges Massif, western Alps)[END_REF]Chiaradia, 2003;[START_REF] Marshall | The Mid-Variscan Allochthon: Keys from correlation, partial retrodeformation and plate-tectonic reconstruction to unlock the geometry of a non-cylindrical belt[END_REF][START_REF] Genier | Water-Assisted Migmatization of Metagraywackes in a Variscan Shear Zone, Aiguilles-Rouges Massif[END_REF].

The development of the main fabric in the AR massif is coeval with the HT-LP metamorphism.

It consists of sub-vertical 330 to 030 striking foliations bearing a sub-horizontal mineral lineation. Dextral kinematic indicators are common [START_REF] Bellière | Contribution à l'étude pétrogénétique des schistes cristallins du massif des Aiguilles Rouges[END_REF][START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF] within centimeter-to meter-sized mylonites, documented in the whole gneissic basement (von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]. Moreover, a hectometer-sized mylonitic zone is described near the Lac Emosson [START_REF] Joye | L'évolution pression-température-déformation dans le massif des Aiguilles Rouges, massif externe alpin[END_REF][START_REF] Genier | Water-Assisted Migmatization of Metagraywackes in a Variscan Shear Zone, Aiguilles-Rouges Massif[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]. This shear zone recorded dextral transpression (von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF][START_REF] Joye | L'évolution pression-température-déformation dans le massif des Aiguilles Rouges, massif externe alpin[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]. [START_REF] Bellière | Contribution à l'étude pétrogénétique des schistes cristallins du massif des Aiguilles Rouges[END_REF] proposed a crustal-scale structural model but modern concepts like strain partitioning, heterogeneous or supra/subsolidus deformation fabrics are not considered or documented at the scale of the whole AR and MB massifs. Relics J o u r n a l P r e -p r o o f of earlier planar fabrics are reported in several studies [START_REF] Bellière | Contribution à l'étude pétrogénétique des schistes cristallins du massif des Aiguilles Rouges[END_REF][START_REF] Joye | L'évolution pression-température-déformation dans le massif des Aiguilles Rouges, massif externe alpin[END_REF][START_REF] Von Raumer | The external massifs, relics of Variscan basement in the Alps[END_REF][START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]). In the Lac Cornu area (see Fig. 1B for location), [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF] interpreted an early sub-horizontal foliation as the result of horizontal flow of the partially molten crust.

Partial melting in the AR and MB massifs started during the HT-HP metamorphism, at near peak pressure conditions at ~1.3-1.85 GPa at ca. 340-330 Ma [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. Ongoing partial melting occurred during decompression and subsequent HT-LP metamorphism [START_REF] Genier | Water-Assisted Migmatization of Metagraywackes in a Variscan Shear Zone, Aiguilles-Rouges Massif[END_REF]. The metamorphic peak recorded in metapelitic rocks from the Emosson area (see Fig. 1B for location) and the crystallization age of the anatectic melts occurred at 327 ± 2 Ma and 320 ± 1 Ma, respectively (ID-TIMS U-Pb on monazite, [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. Cordieritebearing migmatites in the Fully area [START_REF] Krummenacher | Le cristallin de la région de Fully (Valais)[END_REF] (see Fig. 1B for location) yield ID-TIMS zircon ages at ca. 307 Ma [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. In the MB massif, [START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF] dated leucogranitic injections into dextral shear bands at 317 ± 2 Ma (ID-TIMS U-Pb on monazite). It remains unclear if the gneissic basement underwent one protracted partial melting event lasting from ca. 330 to 307 Ma or two distinct episodes at ca. 330-315 Ma and ca. 307 Ma.

In the Servoz area (see Fig. 1B), a Visean sequence is composed of metagreywackes, phyllites and metavolcano-sedimentary rocks overlying fine-grained gneisses ("Pormenaz gneisses" in Fig. 1B) (Dobmeier et al., 1999). It is affected by the transcurrent shearing under greenschist to low amphibolite facies metamorphism [START_REF] Dobmeier | Geodynamische Entwicklung dessüdwestlichen Aiguilles-Rouges Massivs (West-alpen, Frankreich)[END_REF][START_REF] Dobmeier | Variscan P-T deformation paths from the southwestern Aiguilles Rouges Massif (External massif, western Alps) and their implication for its tectonic evolution[END_REF][START_REF] Bellière | Roches d'âge viséen supérieur dans le massif des Aiguilles Rouges (Haute-Savoie)[END_REF].

The uppermost Variscan crust is composed of Late Carboniferous fluvial and volcanic rocks [START_REF] Pilloud | Structure de déformation alpines dans le synclinal de Permo-Carbonifère de Salvan-Dorenaz, (massif des Aiguilles Rouges, Valais)[END_REF][START_REF] Capuzzo | Facies and basin architecture of the late Carboniferous Salvan-Dorenaz continental basin (western Alps, Switzerland/France)[END_REF] lying (1) in the upper part of the Servoz syncline and (2) in the Salvan-Dorenaz syncline that are unconformably deposited over the Variscan J o u r n a l P r e -p r o o f metamorphic rocks [START_REF] Dobmeier | Significance of latest -Variscan and Alpine deformation for the evolution of Montagne de Pormenaz (southwestern Aiguilles-Rouges massif, western Alps)[END_REF][START_REF] Lox | Le Silésien (Carbonifère Supérieur) de Pormenaz (Massif des Aiguilles-Rouges): lithologie et tectonique[END_REF] (Fig. 1B). These rocks were metamorphized by the Alpine deformation at temperatures lower than 350 °C [START_REF] Boutoux | Thermal and Structural Evolution of the External Western Alps: Insights from (U-Th-Sm)/He Thermochronology and RSCM Thermometry in the Aiguilles Rouges/Mont Blanc Massifs[END_REF]. [START_REF] Dobmeier | Significance of latest -Variscan and Alpine deformation for the evolution of Montagne de Pormenaz (southwestern Aiguilles-Rouges massif, western Alps)[END_REF] considered that these rocks were not affected by Variscan deformation, whereas Lox and Bellière described Variscan open folds with subvertical axial planes oriented N020 but without more details about any tectonic significance.

The syn-kinematic Vallorcine granite emplaced along the EBSZ at 306.5 ± 1.5 Ma during dextral transpression (ID-TIMS U-Pb on zircon and monazite; [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. Similar emplacement ages (ID-TIMS U-Pb on zircon) at 307 +6/-5 Ma, 303 ± 2 Ma and 304 ± 3 Ma are reported for the Montenvers and the Mont-Blanc granites [START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF]von Raumer, 1993, 1994) (Fig. 1B).

The Mont-Blanc and Montenvers granites are cross-cut by local subsolidus mylonites [START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF][START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. The Morcles microgranite is meter-sized dykes dated at 303 ± 3 Ma, 304 ± 1 Ma and 311 ± 2 Ma (LA-ICPMS U-Th-Pb on zircon) and are interpreted as a shallow extension of the Vallorcine granite [START_REF] Bussien Grosjean | The Morcles microgranite (Aiguilles Rouges, Swiss Alps): Geochronological and geochemical evidences for a common origin with the Vallorcine intrusion[END_REF] (Fig. 1B). Rhyolitic dykes of the MB massif and dacites in the Salvan-Dorenaz syncline have been dated at 307 ± 2 Ma and 308 ± 3 Ma, respectively (ID-TIMS U-Pb on zircon; [START_REF] Capuzzo | High-precision dating and origin of synsedimentary volcanism in the late Carboniferous Salvan-Dorenaz basin (Aiguilles-Rouges Massif, western Alps)[END_REF] (Fig. 1B). The Visean rocks of the Servoz syncline are intruded by the peraluminous Montées-Pélissier monzogranite and the metaluminous Pormenaz monzonite, dated at 331 ± 2 Ma and 332 ± 2 Ma, respectively (ID-TIMS U-Pb on zircon; [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF] (Fig. 1B). These two granites, represent a first magmatic pulse at ca. 330 Ma. Several authors propose that the Pormenaz and Montées-Pélissier plutons are syn-tectonic granites emplaced along vertical shear zones during bulk dextral shearing [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF][START_REF] Dobmeier | Geodynamische Entwicklung dessüdwestlichen Aiguilles-Rouges Massivs (West-alpen, Frankreich)[END_REF][START_REF] Dobmeier | Variscan P-T deformation paths from the southwestern Aiguilles Rouges Massif (External massif, western Alps) and their implication for its tectonic evolution[END_REF].

J o u r n a l P r e -p r o o f

In the basement, Alpine tectonics and metamorphism are limited to the development of shear zones active under greenschist facies conditions [START_REF] Rolland | Rare earth and trace element mobility in mid-crustal shear zones: Insights from the Mont Blanc Massif (western Alps)[END_REF][START_REF] Rossi | Geochemical variations and element transfer during shear zone development and related episyenites at middle crust depths: Insights from the Mont-Blanc granite (French-Italian Alps)[END_REF]. In the surrounding Mesozoic sedimentary cover, Alpine metamorphism did not exceed 350°C [START_REF] Boutoux | Thermal and Structural Evolution of the External Western Alps: Insights from (U-Th-Sm)/He Thermochronology and RSCM Thermometry in the Aiguilles Rouges/Mont Blanc Massifs[END_REF]. Alpine tectonics is also responsible for the pinch of the NE-SW elongated Carboniferous Salvan-Dorenaz syncline (Fig. 1B) [START_REF] Pilloud | Structure de déformation alpines dans le synclinal de Permo-Carbonifère de Salvan-Dorenaz, (massif des Aiguilles Rouges, Valais)[END_REF]. Variscan tectonometamorphic imprint is widespread in the AR and MB with higher-grade metamorphic conditions easily distinguishable from the lower-grade rocks in the Alpine localized shear zones (e.g. von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF][START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF].

Structural data

D1 deformation

D1 deformation is recorded in the gneissic basement by a sub-horizontal S1 foliation that dips gently to the NE with an L1 020-trending mineral lineation plunging at about 15° (Fig. 2B).

Although S1 fabric has been transposed by subsequent D2 deformation, it is locally preserved at the outcrop-scale and at the regional-scale in the Pormenaz and Arpille areas (Fig. 2 and3).

In domains where D2 deformation is pervasive, S1 foliation is transposed and folded into open to isoclinal upright folds (Fig. 3 and 4A to D) or remains recognizable only in the hinge zones of F2 folds. Few rootless isoclinal folds (F1) have been recognized in the preserved D1 domains where an older planar fabric, designated Sx, is only locally observed in the hinges of F1 folds.

(Fig. 4D andF). In the preserved domains, kinematic indicators such as asymmetrical boudinage, mica-fish and S-C fabrics indicate top-to-the-E and NE kinematics (Fig. 4E to H).

J o u r n a l P r e -p r o o f

In the Lac Cornu area (see Fig. 1 and 2 for locations), the D1 deformation is defined by an S1 compositional layering in stromatitic orthogneiss migmatites (Fig. 4C), and within the core of boudins of retrogressed eclogite [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. In the Arpille massif (Fig. 1B), S1 foliation is defined by the shape and preferential alignment of the leucosomes in anatectic metapelites and metagraywackes (Fig. 4A). In the Pormenaz area, the S1 and L1 fabrics are observed in the non-anatectic fine-grained Pormenaz gneiss (Fig. 4H).

D2 deformation

3.2.1. D2 deformation at the outcrop scale D2 main fabric in the migmatitic basement and in the greenschist facies rocks of the Servoz syncline is an S2 sub-vertical foliation striking 150-170 (Fig. 2C). In D1 preserved domains, S2 is a weak crenulation cleavage that strikes ~ N160 (Fig. 4A to D). A decameter-wide strain gradient from the D1 preserved domains toward the S2 pervasive foliation is observed with the progressive tightening of F2 folds and the reorientation of the S1 sub-horizontal foliation into a sub-vertical position. Steeply-dipping and 160-striking axial planes of F2 folds are subparallel to S2 foliation. F2 fold axes plunge shallowly to steeply along the 160-striking axial planes. In pervasive D2 domains, we observed S-C-C' fabrics where vertical C2 shear bands striking 000-020 progressively reorient S2 foliations and become the main planar fabric, before being reoriented by the vertical C'2 shear bands striking 020-040 (Fig. 5A to C).

In the Lac Cornu migmatites, the S2 foliation is defined by mineralogical layering in the stromatic migmatite. Injections of melt in the C2 and C'2 shear bands (Fig. 5A) argue for suprasolidus conditions of shearing in this part of the massif. In the Lac Cornu metamafic lenses, the retrogression of the eclogite facies to amphibolitic facies is associated with D2 J o u r n a l P r e -p r o o f [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. In the Fully area (see Fig. 1 for location), cordierite-bearing migmatites show a gneissic layering and cordierite clots sub-parallel to the orientation of C'2 shear bands.

Migmatites are also affected by centimeter-sized ultramylonitic bands sub-parallel to C'2 fabric (Fig. 5D). S2, C2 and C'2 planar fabrics are commonly associated with a shallowly Nplunging (30°) L2 mineral lineation (Fig. 2C). The D2 deformation is conspicuously associated with dextral kinematics highlighted by shear criteria and the S-C-C' fabrics (Fig. 5).

D2 architecture at the regional scale

The compilation of all measurements of planar fabrics related to D2 led to a well-defined three-fold subdivision: a first group labelled as S2 (150-170), a second group labelled as C2 (000-020) and a third group labelled as C'2 (020-040) (Fig. 2C). Where one of the three planar fabrics (S2, C2 or C'2) is predominant at the outcrop scale, the corresponding orientation is considered to build the foliations trajectory map of figure 2. One may notice that S2 foliation is predominant in the western and upper structural levels (Servoz-Pormenaz-Brevent areas) whereas the eastern AR massif shows mostly C2 and C'2 planar fabrics (Fig. 2). The S-C-C' regional structure resemble the one observed at all scales from millimetre to decametre. Furthermore, pervasive C2 and C'2-domains form three main kilometre-wide dextral shear zones: the Cornu Shear Zone (CSZ), the Montenvers (MSZ) and Emosson-Bérard shear zones (EBSZ). The orientation of these structures is in good agreement with a massif-scale S-C-C'-like structures.

D3 deformation

D3 structures are only observed in the south-western part of the AR massif, within the Pormenaz gneiss and the Visean metasedimentary rocks (Fig. 2, 6 and 7). D3 is recorded in J o u r n a l P r e -p r o o f metre-to decametre-sized domains where D2 deformation is folded by open to tight F3 folds with a sub-horizontal S3 cleavage (Fig. 6, 7 and 8). S3 cleavage and F3 fold axial planes are subparallel, and are both gently E-dipping (Fig. 6B). F3 folds axes are gently SE-plunging. L3 lineation has been only locally observed (Fig. 6B) and corresponds to an intersection lineation between S2 and S3 fabrics. Due to the lack of mineral or stretching L3 lineation, kinematics of D3 deformation remains unknown. D3 fabrics are defined by typical greenschist facies minerals such as chlorite (Fig. 8B). Few quartz-feldspar bearing leucocratic bodies interpreted as leucosomes are folded by the S3 fabric (Fig. 8C).

Description of dated samples

Eleven samples of magmatic rocks have been sampled from different locations of the "plumbing" in the AR and MB massifs, corresponding to five large magmatic bodies:, Couteray orthogneiss (AR37), Pormenaz granite (AR801), Montées-Pélissier granite (AR865), Vallorcine granite (AR73), Montenvers granite (MB43), Mont-Blanc granite (MB37); and four smaller bodies: Morcles microgranite (AR1028) and pegmatitic and aplitic dykes (AR833, AR1020, AR1006 and AR916). See Figs. 1,3,and 7,and 

Large magmatic bodies

The Couteray orthogneiss (AR37) is a N-S-trending elongate meta-igneous body located in the Val Bérard near the Vallorcine granite (Fig. 1B and3A). It shows well-pronounced N-S D2 deformation, corresponding to C2 and C'2 planes based on their orientations, clearly J o u r n a l P r e -p r o o f indicative of dextral shearing (Fig. 9A). Local myrmeckite are observed in shear bands passing through large K-feldspar grains (Fig. 9A).

The Pormenaz granite (AR801) emplaced in the gneisses of the eastern limb of the Servoz syncline (Fig. 1B). Field observations in the western part of the pluton, where sample AR801 was collected, indicate that the magmatic fabric is marked by the alignment and preferred orientation of euhedral K-feldspar megacrysts that define a S1 sub-horizontal planar fabric and a mineral lineation L1 020-trending and plunging 10° (Fig. 9B), similar to D1 deformation observed in the surrounding gneisses (Fig. 6 and7). The D1 deformation is pervasive along the pluton contacts and is not observed in its core (Fig. 7A). In the eastern part of the pluton, the S1 foliation is deformed and reoriented by 000-to 020-striking D2 vertical structures (Fig. 6 and 7). In this area, K-feldspar megacrysts are deformed as well as the surrounding matrix (Fig. 9C). K-feldspar grains are fractured and no myrmeckite was observed. The quartz grains show undulose extinction and recrystallization by bulging grain boundaries.

The sample AR865 comes from the core of the Montées-Pélissier pluton, which is a finegrained monzogranite that intruded the Visean metasedimentary rocks in the Servoz syncline (Fig. 1 and7B). In the whole pluton and in our sample, the magmatic assemblage is pervasively deformed by the D2 such that any magmatic fabric that may have existed is not preserved. In thin-section, feldspar crystals are oriented sub-parallel with the C2 shear bands and show common extensive microfractures filled by quartz (Fig. 9D).

The Vallorcine granite (AR37) is a NE-SW-trending elongate pluton located in the northeastern part of the AR massif in the EBSZ (Fig. 1B and3). This granite crosscuts the C'2 shear bands near the Lac Emosson (Fig. 9E). The sample commonly possesses a magmatic foliation defined by biotite and feldspar sub-parallel to the C'2 orientation [START_REF] Joye | L'évolution pression-température-déformation dans le massif des Aiguilles Rouges, massif externe alpin[END_REF]Bussy et al., J o u r n a l P r e -p r o o f 2000). At the microscale, in sample AR73, feldspar is undeformed and quartz is nested with undulose extinction and shows grain boundary migration in quartz (Fig. 9E). Local millimeter shear bands are associated to subgrain rotation recrystallization in quartz.

The Montenvers granite (MB43) intruded paragneiss and orthogneiss migmatites of the MB massif (Fig. 1B and3A). The Montenvers granite and its host rocks are strongly deformed within an anastomosed network of C2 and C'2 shear zones of the MSZ (Fig. 2, 3A and 9F). In sample MB43, fractures in feldspar are filled by quartz and recrystallized polygonal quartz (Fig. 9G). Locally, the quartz polygons are deformed within C'2 shear bands.

The Mont-Blanc granite (MB37) is a kilometer-large NE-SW-trending elongate pluton and forms the main part of the MB massif (Fig. 1B and3B). The pluton contacts are deformed in C2 and C'2 structures whereas its core is weakly deformed. The granite shows a magmatic foliation defined by the weak alignment of K-feldspar, biotite crystals and mafic enclaves striking 020-040 [START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF], sub-parallel to the C'2 shear planes (Fig. 9H).

Smaller magmatic bodies

Sample AR1028 comes from one of the dykes composing the Morcles microgranite, located in the northern part of the AR massif (Fig 1B and 3C). This microgranite has a main NE-SWtrending orientation and locally crosscuts C2 and C'2 shear zones. There is no apparent preferred mineral orientation. Quartz grains do not show undulose extinction and are locally nested (Fig. 9I). Calcite had partially replaced some feldspar grains and is present in cracks in feldspar (Fig. 9I).

Pegmatites are common in the orthogneiss of the Lac Cornu area (Fig. 1B and7D). The sample AR833 is from one of these pegmatites, that has a diffuse contact with the orthogneiss J o u r n a l P r e -p r o o f migmatite (Fig. 10A). The feldspars in the pegmatite are preferentially oriented parallel to the C2 shear bands in the surrounding rocks (Fig. 10A). K-feldspar grains are surrounded by myrmekite.

The sample AR1020 corresponds to a pegmatite that crosscuts the C2 planes of an amphibolite lens in the Lac Cornu orthogneiss (Fig. 10B). It does not have an apparent preferred mineral orientation. Quartz has weakly developed undulose extinction and recrystallization by grain boundary migration.

The Lacs Noirs pegmatite is a ten centimenter-large dyke in paragneiss. It is affected by the D2 dextral wrenching and C2 shear bands are recognized (Fig. 1B and10C). Quartz is strongly deformed and well-developed undulose extinction. Tourmaline is either undeformed and oriented parallel to the foliation or sub-parallel to the foliation, fractured and truncated. Kfeldspar is replaced by muscovite in shear bands.

The sample AR916 comes from an aplite dyke that emplaced within a decametric C2 shear zone in metasedimentary rocks (Fig. 1B and10D). The mineral assemblage does not have an apparent preferred mineral orientation. Some plagioclase and K-feldspar are partially replaced by white mica.

U-Th-Pb dating of studied samples

analytic method

Zircon and monazite U-Th-Pb age determinations of these samples were carried out using Laser Ablation-Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) at the Laboratoire J o u r n a l P r e -p r o o f mounted in epoxy resin discs that were polished to reveal equatorial cross sections.

Cathodoluminescence (CL) and Back-Scattered Electron (BSE) images were used to select points for analysis. The analyses involve the ablation of minerals with a Resonetics Resolution M-50 powered by an ultra-short pulse ATL Atlex Excimer laser system operating at a wavelength of 193 nm (detailed description in Müller et al., 2009). The detailed analytical procedures are described in [START_REF] Paquette | High resolution (5 µm) U-Th-Pb isotopes dating of monazite with excimer laser ablation (ELA)-ICPMS[END_REF], [START_REF] Hurai | Age of deep crustal magmatic chambers in the intra-Carpathian back-arc basin inferred from LA-ICPMS U-Th-Pb dating of zircon and monazite from igneous xenoliths in alkali basalts[END_REF], and [START_REF] Paquette | Sensitivity enhancement in LA-ICP-MS by N2 addition to carrier gas: application to radiometric dating of U-Th-bearing minerals[END_REF] and detailed in the Supplementary material (S1). Data reduction was carried out with the GLITTER® software package developed by Macquarie Research Ltd [START_REF] Jackson | The application of laser ablation-inductively coupled plasma-mass spectrometry to in situ U-Pb zircon geochronology[END_REF]. The analytical data are provided in the Supplementary Material 1 (SM1). Ages and diagrams were generated using the Isoplot/Ex v. 2.49 software package by [START_REF] Ludwig | User manual for Isoplot[END_REF]. Only the concordant data and the discordant data fitting with the discordia line were taken into account in the age calculation. In the text and figures, all uncertainties in ages are given at ± 2σ level.

Couteray orthogneiss (AR37)

Zircon grains from the Couteray orthogneiss are transparent and euhedral with a shape that varies from equant to elongate. CL images show either the presence of inherited cores surrounded by rims with concentric oscillatory zones, or uniform grains also with concentric oscillatory zones (Fig. 11A). Twenty-eight analyses were conducted on seventeen zircon crystals (Fig. 12A; Table S1). Analyses of inherited cores with concentric zones and Th/U ratios between 0.18 and 0.99 (Table S1) yield one concordant date at 691 Ma (#12) and a cluster of five data (#8, 10, 18, 20, 25) giving a concordia age of 587 ± 10 Ma (MSWD (C+E) = 1.16) (Fig. 12A). Nineteen analyses on cores and rims with concentric zones and Th/U ratios J o u r n a l P r e -p r o o f ranging between 0.01 and 0.76 (Table S1) yield a concordia age at 480 ± 4 Ma (MSWD (C+E) = 0.61, n = 19) (Fig. 12A). .

Early Carboniferous (Visean) granites

The Pormenaz granite (AR801)

Most of the zircon grains analysed are euhedral, either prismatic with a shape ratio up to 2:1 or stubbier with a shape ratio of 1:1 (Fig. 11B). They are pinkish, transparent to slightly opaque.

CL images show strong evidence of concentric or oscillatory igneous growth zones as well as the presence of cores displaying either sector-like or patchy zone textures surrounded by zoned rims (Fig. 11B). Seventy-five analyses were performed on sixty-five zircon crystals (Table S1). In the Tera Wasserburg diagram, excepting from two cores (#10 and 35) concordant around 650 Ma, all data are scattered along the concordia curve between around 340 to 190 Ma with thirty-two data yielding a concordia age of 338 ± 2 Ma (MSWD (C+E) = 1.4) (Fig. 12B).

These data are mainly obtained on zoned cores (24 cores and 8 rims). The analysed grains have a range of Pb (8.5-69 ppm), Th (most 55-281 ppm) and U (150-1526 ppm) contents and Th/U ratios (most 0.15-0.51) (Table S1). Other discordant data (dotted ellipses) mainly composed of rims (34 rims and 7 cores) are characterized by similar Pb, Th and U contents (17-75 ppm, 64-458 ppm and 351-2027 ppm) and Th/U ratios (most 0.14-0.66) (Table S1). These data are not taken into consideration for the age calculation because they are discordant. These discordances are probably due to radiogenic Pb losses and common Pb contaminations.

The Montées-Pélissier granite (AR865)

J o u r n a l P r e -p r o o f Zircon crystals from sample AR865 are pinkish, transparent, euhedral and elongate but commonly broken. CL images show strong evidence of concentric or oscillatory igneous growth zones (Fig. 11C). Forty-three analyses are obtained on rims or cores of 43 crystals and present Th/U ratios ranging between 0.04 and 1.02 (most 0.16-0.67) with homogeneous Pb content (most 21-64 ppm) and variable U (most 555-1450 ppm) and Th (most 90-347 ppm) contents (Table S1). In the Tera Wasserburg, the data are scattered along the concordia curve between around 350 to 210 Ma (Fig. 12C). The eight oldest data (#2, 6, 7, 8, 12, 13, 22 and 34) form a cluster around 340-335 Ma that yields a concordia age of 340 ± 5 Ma (MSWD (C+E) = 2.2).

Other data (dotted ellipses), often discordant, show younger 206 Pb/ 238 U dates (Table S1; Fig. 12C). These data are not considered because they were probably affected by radiogenic Pb losses as well as common Pb contaminations.

Late Carboniferous granite (ca. 305 Ma)

Vallorcine granite (AR73)

The zircon crystals from the Vallorcine granite (AR73) are transparent, pinkish and euhedral. Zircon ranges in shape from equant to elongate. The latter are commonly fractured. CL images show complex internal textures such as the presence of apparently inherited cores and concentric oscillatory and patchy zones textures (Fig. 11D). Twenty-nine analyses were carried out on twenty-two zircon crystals (Fig. 12D). Two data from two cores (#4 and 25) are subconcordant and yield an upper intercept at 2071 ± 75 Ma in the concordia diagram. These zircon cores have similar Pb (64-67 ppm), Th (31-59 ppm) and U (181-184 ppm) contents with Th/U ratios of 0.17 and 0.32 (Table S1). Three data obtained on cores show Th/U ratios of ca.

J o u r n a l P r e -p r o o f 0.3 and are sub-concordant around 650 Ma (#15 and 20) and 840 Ma (#2) (Table S1). The other twenty-for data are scattered along the concordia curve between ca. 840 to 220 Ma in two main distinct clusters: one very wide between 485 and 450 Ma (group 1) and the other more restricted between 310 to 300 Ma (group 2). Group 1 dates (#3, 5, 6, 10, 12, 18, 22) were determined from 5 cores and 2 rims. These seven analyses are characterized by variable Pb and Th contents ranging from 19 to 52 ppm and 11 to 183 ppm, respectively and by Th/U ratios from 0.04 to 0.54 (most 0.13-0.54) (Table S1). The linear regression on these seven data yields a lower intercept of 468 ± 13 Ma (MSWD = 2). Amongst these data, six give a concordia age of 469 ± 12 Ma (MSWD (C+E) = 2.6). Group 2 dates (#7, 8, 11, 16, 19, 21, 23, 26, 27, 29) are obtained from 2 cores and 8 rims. Pb and Th contents ranging from 12-72 ppm and 11-201 ppm, respectively, and with Th/U ratios from 0.01 to 0.31 (most 0.1-0.31). These ten data yield a concordia age of 306 ± 5 Ma (MSWD (C+E) = 1.8). Five data (white ellipses) between these two clusters may correspond to a mixed age. The two youngest data (dotted ellipses) may be the result of radiogenic Pb loss.

Montenvers granite (MB43)

Zircon crystals from sample MB43 are pinkish and transparent. They are either equant with a shape ratio up to 2:1 or in the form of prismatic or elongate grains. CL images show concentric or oscillatory igneous growth zones as well as the presence of cores displaying either sectorlike or patchy zones textures surrounded by zoned rims with locally a thinner and CL-dark over-rim (Fig. 11E). Forty-five analyses are obtained on rims or cores of 40 crystals and present Th/U ratios ranging between <0.01 and 1.30 (most 0.01-0.82) with variable Pb (3.3-404 ppm), U (most 98-5721 ppm) and Th (most 29-869 ppm) compositions (Table S1). In the Tera Wasserburg diagram, excepting datum #4 (not plotted) measured on the inherited core of the J o u r n a l P r e -p r o o f zircon Z9 with a Th/U ratio of 1.30 and a discordant position around 1.8 Ga, all other data are scattered along the concordia curve between ~620 to 220 Ma in a cluster around 310-220 Ma and two others more restricted around 600 Ma and 450 Ma (Fig. 12E). The cores of zircons Z10 (#9) and Z19 (#19) have a Th/U ratio of 0.32 and 0.79 and give concordant data at 615 ± 16 Ma and 592 ± 16 Ma, respectively. The cluster at 450 Ma consisting of the analyses obtained on three tips (#1, 35, 43; Th/U = 0.01-0.26) and two cores (#29, 37; Th/U = 0.15-0.38) yields a concordia age of 447 ± 10 Ma (MSWD (C+E) = 1.6, n = 4). Among the thirty-eight youngest data, nineteen data from 10 cores and 9 rims yield a concordia age of 306 ± 3 Ma (MSWD (C+E) = 1.6) (Fig. 12E). In the diagram, the dotted ellipses are obtained mainly on the metamict CL-dark rim and are characterized by very high U contents (1315-9763 ppm).

Mont-Blanc granite (MB37)

The zircon crystals from the Mont Blanc granite (MB37) are transparent, pinkish and euhedral with an elongate shape with a shape ratio up to 3:1. CL images show oscillatory igneous growth zones as well as the presence of few cores displaying either sector-like zones surrounded by CL-dark zoned rims (Fig. 11F). Forty-three analyses were carried out from fortytwo zircons (Fig. 12F; Table S1). Among them, two are (#15 and 34) composed by cores characterized by concentric zones and a Th/U ratio of 0.34, and are concordant at ca. 485 Ma and ca. 558 Ma. There are two more data (#1 and 10) obtained on a core and a rim with a Th/U around 0.3-0.4, that are concordant at ca. 335 Ma. Otherwise, thirty-five data plot as a cluster characterized by Th/U ratios ranging between 0.2 and 0.86 and yield a concordia age of 305 ± 2 Ma (MSWD (C+E) = 1.5, n = 35). Two discordant data (dotted ellipses) (#37 and 42) obtained on CL-dark rims show youngest 206 Pb/ 238 U dates, which may be the result of radiogenic Pb loss as well as common Pb contamination.

J o u r n a l P r e -p r o o f 5.5. Smaller granitic bodies (e.g. microgranite, aplite and pegmatite dykes)

Morcles microgranite (AR1028)

Zircon crystals from sample AR1028 are colourless to slightly pink and transparent. They are either prismatic with an shape ratio up to 3:1, or ovoid, but also sometimes as fragment-like.

CL images show complex internal features such as the presence of cores and concentric oscillatory and patchy zones textures (Fig. 13A). Some crystals have metamict rims, which could not be analysed because they are too rich in common Pb. Monazite crystals were found in this sample. They are light yellow, transparent and euhedral. EBS images exhibit concentric oscillatory or patchy zones (Fig. 13A).

Twenty analyses on seventeen zircon crystals yield Th/U ratios ranging between 0.08 and 0.62 (most 0.1-0.44) with variable Pb (3.9-118 ppm), U (40-2298 ppm) and Th (16-731 ppm) contents (Table S1). In the Tera Wasserburg diagram, excepting data 5 and 8, the concordant to sub-concordant data are scattered between ca. 800 and ca. 450 Ma (Fig. 14A). The linear regression on ten data (#1, 4, 6, 9, 10, 11, 14, 16, 17, 18) obtained on 5 cores and 5 rims yields a lower intercept of 463 ± 10 Ma (MSWD = 2.9 Ma). Sixteen analyses were also performed on nine monazite crystals (Table S1). Excepting the analysis #11, data form a cluster with a concordia age of 313 ± 2 Ma (MSWD (C+E) = 0.49, n = 15) (Fig. 14B). Spot #11, that has a discordant position around ca. 360 Ma may correspond to an analytical mixture.

Lac Cornu pegmatites (AR833 and AR1020)

Zircon crystals from sample AR833 are euhedral, colourless and transparent. Their shapes are either elongate or rounded. CL images highlight various cores surrounded by rims with concentric and oscillatory zones (Fig. 14B). Sixty-three analyses on forty-three zircon grains J o u r n a l P r e -p r o o f are distributed into four clusters (Fig. 14C). Three data (#15, 20, 46) from cores with Th/U ratios between 0.16 and 0.23 yield a mean 238 U/ 206 Pb date at 724 ± 28 Ma (MSWD = 1.3). Four data (#2, 4, 22, 34) also from cores with similar Th/U ratios (0.19-0.28) return a concordia age at 552 ± 12 Ma (MSWD (C+E) = 2.4). The main cluster is composed of fifty-one analyses from cores and rims with concentric and oscillatory zones and lower Th/U ratios (mostly 0.04-0.15) from ca. 465 Ma to 420 Ma. Among them, twenty-eight data yield a concordia age at 462 ± 3 Ma (MSWD (C+E) = 1.08). In addition, two sub-concordant data (#45, 48) from rims with oscillatory and concentric zones and low Th/U ratios (0.00-0.01) yield a mean 238 U/ 206 Pb date at 317 ± 6 Ma (MSWD = 1.04). One datum (#16) from a zircon core is concordant at 2.0 Ga (Table S1).

Zircon crystals from the pegmatite AR1020 are not common, often metamict and pinkish, or transparent to milky. Their shapes vary from elongate to rounded. CL images reveal complex textures such as the presence of cores surrounded by rims, concentric oscillatory and patchy zones textures (Fig. 14C). Nineteen analyses were performed on eleven grains (Table S1).

Despite the various and complex zones of these zircon grains and their scattered Th/U ratios (0.05-1.03), all the data are between ca. 465 and 375 Ma and thirteen yield a concordia age at 456 ± 4 Ma (MSWD (C+E) = 0.5) (Fig. 14D). Other analyses might reflect Pb loss or common Pb contamination.

Lacs Noirs pegmatite (AR1006)

Zircon crystals from the pegmatite specimen are colourless and transparent fragments. CL images show that most of the grains have resorption structures affecting cores and rims with oscillatory and concentric zones (Fig. 13D). Thirty-three analyses were performed on thirtytwo zircon grains (Fig. 14E). Twenty-two data with Th/U ratios ranging between 0.04 and 0.70 J o u r n a l P r e -p r o o f align and form a lower intercept at 455 ± 3 Ma (MSWD = 0.48). Among them, seventeen data yield a concordia age at 456 ± 3 Ma (MSWD (C+E) = 0.89). Other analyses, except one (#14), are concordant or sub-concordant and spread from 535 to 997 Ma.

Chéserys aplite (AR916)

Zircon crystals from aplite are not common and are mainly transparent and colourless grains with elongate to ovoid shapes. CL images show mainly simple internal structures with concentric and oscillatory zones (Fig. 13E). A few grains show a core surrounded by a rim with oscillatory zones. Some grains also display a metamorphic rim. Thirty-three analyses on thirtytwo zircon grains (Fig. 14F) yield a cluster between 460 and 420 Ma. Among them, eighteen analyses on cores and rims with Th/U ratios between 0.04 and 0.95 yield a concordia age at 458 ± 3 Ma (MSWD (C+E) = 1.3). One analysis (#22) on a core is sub-concordant at 839 Ma.

Several discordant data show 206 Pb/ 238 U dates younger than 400 Ma.

Discussion

Emplacement ages of granites and pegmatites

Ordovician magmatism

Zircon grains from the Couteray orthogneiss (AR37) yield two concordia ages: one Ordovician at 480 ± 4 Ma and the other Precambrian at 587 ± 10 Ma (Fig. 12A). The first one was obtained on zircon cores and rims showing oscillatory and concentric zones (Fig. 11A) typical of magmatic origin [START_REF] Linnemann | Sands of West Gondwana: an archive of secular magmatism and plate interactions-a J o u r n a l P r e -p r o o f case study from the Cambro-Ordovician section of the Tassili Ouan Ahaggar (Algerian Sahara) using U-Pb LA-ICP-MS detrital zircon ages[END_REF]Tiepel et al., 2004); we therefore interpret is as the Ordovician emplacement age of the magmatic protolith of the Couteray orthogneiss. The

J o u r n a l P r e -p r o o f

Precambrian age was obtained on zircon cores that are locally partially resorbed (Fig. 11A,Zr36). The Precambrian one was obtained on zircon cores that are locally partially resorbed (Fig. 11A,Zr36). The geological significance of this inherited precambrian age remains unknown. The Ordovician age is slightly older than the magmatic protolith emplacement ages of other orthogneisses from the AR and MB massifs dated between 465 and 455 Ma [START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF][START_REF] Bussy | Ordovician magmatism in the External French Alps: witness of a peri-Gondwanan active continental margin[END_REF] (Fig. 1B). However, this age remains consistent with the 480-450 Ma age range proposed for the Ordovician magmatic event that is welldocumented throughout the Variscan belt (Melleton et al., 2010 and references therein;[START_REF] Lotout | Ordovician magmatism in the Lévézou massif (French Massif Central): tectonic and geodynamic implications[END_REF][START_REF] Chelle-Michou | Pre-Cadomian to late-Variscan odyssey of the eastern Massif Central, France: formation of the West European crust in a nutshell[END_REF].

Early Carboniferous plutonism (ca. 340-330 Ma)

Most of the zircon grains analysed from the Pormenaz (AR801) and Montées-Pélissier (AR865) granites show magmatic growth zones with Th/U ratios from 0.1 to 1.0 typical of an igneous zircon origin (Tiepel et al., 2004;[START_REF] Linnemann | Sands of West Gondwana: an archive of secular magmatism and plate interactions-a J o u r n a l P r e -p r o o f case study from the Cambro-Ordovician section of the Tassili Ouan Ahaggar (Algerian Sahara) using U-Pb LA-ICP-MS detrital zircon ages[END_REF] (Fig. 11B andC; Table S1). The zircon concordia ages of 338 ± 2 Ma and 340 ± 5 Ma obtained on these two plutons match within uncertainties and are interpreted as emplacement ages (Fig. 12B andC). These results agree with the ages at 332 ± 2 Ma and 331 ± 2 Ma documented by [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF], and therefore confirm the occurrence of an Early Carboniferous (Visean) magmatism in the AR massif (Fig. 1B). Moreover, these two samples yield discordant data, mainly obtained on zircon rims, which are probably affected by radiogenic Pb losses during the successive Variscan and Alpine tectono-metamorphic events.

Late Carboniferous plutonism

J o u r n a l P r e -p r o o f

The concordia ages of 306 ± 5 Ma, 306 ± 3 Ma and 305 ± 2 Ma on the Vallorcine (AR73), Montenvers (MB43) and Mont-Blanc granites (MB37), respectively, are from zircon cores and rims showing concentric and oscillatory zones with Th/U ratios mostly higher than 0.1 typical of igneous zircons (Tiepel et al., 2004;[START_REF] Linnemann | Sands of West Gondwana: an archive of secular magmatism and plate interactions-a J o u r n a l P r e -p r o o f case study from the Cambro-Ordovician section of the Tassili Ouan Ahaggar (Algerian Sahara) using U-Pb LA-ICP-MS detrital zircon ages[END_REF] (Fig. 11D-F and 12D-F; Table S1). These dates are interpreted as emplacement ages and are consistent with previous published ID-TIMS U-Pb ages on zircon and monazite at ca. 305 Ma for these same plutons [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF][START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF]von Raumer, 1993, 1994) (Fig. 1).

In this study, most of the concordant data obtained on zircon from the felsic dykes (AR1028, AR833, AR1020, AR1006 and AR916) range from ca. 465 to 455 Ma (Fig. 14; cf section 5.2).

Field-work shows that these felsic dykes emplaced contemporaneously with dextral shearing during Carboniferous times [START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF][START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]Fig. 10). Therefore, the Ordovician record reflects the presence of an inherited component associated with an Ordovician magmatic event at ca. 465-455 Ma.

Zircon and monazite U-Th-Pb dating of the Morcles microgranite (sample AR1028) yielded two distinct concordia ages, one at 313 ± 2 Ma and the other at 463 ± 10 Ma (Fig. 14A andB). The younger one was determined on euhedral monazite grains showing concentric growth zones, and is similar to the zircon LA-ICPMS U-Th-Pb age at ca. 312-309 Ma obtained for one of the magmatic pulses proposed for the Morcles microgranite dykes in [START_REF] Bussien Grosjean | The Morcles microgranite (Aiguilles Rouges, Swiss Alps): Geochronological and geochemical evidences for a common origin with the Vallorcine intrusion[END_REF].

Therefore, we interpret the monazite concordia age at 313 ± 2 Ma as the emplacement age of the AR1028 microgranite dyke and the zircon concordia age at 463 ± 10 Ma as the age of an inherited Ordovician component, which was identified in [START_REF] Bussien Grosjean | The Morcles microgranite (Aiguilles Rouges, Swiss Alps): Geochronological and geochemical evidences for a common origin with the Vallorcine intrusion[END_REF] too.

Moreover, two zircon grains from the Lac Cornu pegmatite AR833 show two sub-concordant analyses at ca. 317 Ma (Fig. 14C). These analyses were obtained on zircon rims with oscillatory J o u r n a l P r e -p r o o f and concentric zones and low Th/U ratios (0.00-0.01; Table S1), which is characteristic of magmatic zircon that may have originated from high-SiO 2 and/or peraluminous granitoids [START_REF] Lopez-Sanchez | An example of low-Th/U zircon overgrowths of magmatic origin in a late orogenic Variscan intrusion: the San Ciprián massif (NW Spain)[END_REF]. This mean at 317 ± 6 Ma might represent the emplacement age of the pegmatite AR833 and would be consistent with the emplacement age of the Morcles microgranite at 312 ± 2 Ma and the 317 ± 3 Ma age proposed for the anatectic leucogranitic dykes of the Mont-Blanc massif [START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF]. However, given the small number of data (n = 2), we cannot exclude that these two analyses are be the result of a mixture between an Ordovician component and a younger component either Late Carboniferous (~ 305 Ma), Permo-Triassic or even Tertiary in age.

Zircon inheritance and source of Carboniferous magmas

Most of magmatic bodies we studied (i.e., microgranitic, pegmatitic and apltitic dykes) show zircon grains that do not record their age of emplacement (Carboniferous). Our results from zircon crystals from the Morcles microgranitic dyke show a well-marked Ordovician inheritance at 463 ± 10 Ma (Caledonian event) and minor Ediacaran contributions (Pan-African event) (Fig. 14A) as already suggested in [START_REF] Bussien Grosjean | The Morcles microgranite (Aiguilles Rouges, Swiss Alps): Geochronological and geochemical evidences for a common origin with the Vallorcine intrusion[END_REF]. The zircon U-Th-Pb ages from the Lac Cornu (AR833 and AR1020) and Lacs Noirs (AR1006) pegmatites and the Chéserys aplite (AR920) also yielded similar Ordovician ages at 462 ± 3 Ma, 456 ± 4 Ma, 455 ± 3 and 458 ± 3 Ma, respectively. This ca. 460-450 Ma inheritance was obtained on zircon grains characterized by concentric growth zones and high Th/U ratios typical of an igneous origin (Tiepel et al., 2004;Lineman et al., 2011) (Fig. 13; Table S1).

J o u r n a l P r e -p r o o f

In granitic magmas, inherited zircon crystals originate from the melted sources [START_REF] Bea | Zircon stability grids in crustal partial melts: Implications for zircon inheritance[END_REF]. Thus, the important Ordovician inheritance recorded by the zircon crystals of the smaller magmatic bodies argues for a genetic link between these intrusions and the partially molten Ordovician orthogneisses. Such hypothesis of orthogneisses as being the main source for silicic melts is consistent with our field-observations of, for instance, pegmatite AR833 that formed in-situ within orthogneiss migmatite (Fig. 10A) or the pervasive leucocratic vein and dykes complex into the partially molten orthogneiss that surrounds the Mont Blanc granite [START_REF] Vitel | Etude pétrographique du tunnel du Mont-Blanc (partie française) et recherches géologiques complémentaires dans le massif[END_REF][START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF]. All the smaller magmatic bodies dated in this study may thus represent anatectic melt that originated from orthogneiss migmatite and that crystallized during ascent (Brown, 2013 and references therein) between ca. 320-310 Ma.

Growth of zircon in an anatectic melt is considered to result solely from the dissolution of preexisting zircon grains and (re)precipitation of overgrowths or neograins directly from the melt [START_REF] Watson | Dissolution, growth and survival of zircons during crustal fusion: kinetic principals, geological models and implications for isotopic inheritance[END_REF][START_REF] Yakymchuk | Behaviour of zircon and monazite during crustal melting[END_REF][START_REF] Bea | A LA-ICP-MS evaluation of Zr reservoirs in common crustal rocks: Implications for Zr and Hf geochemistry, and zircon-forming processes[END_REF][START_REF] Kelsey | Thermobarometric modelling of zircon and monazite growth in melt-bearing systems: examples using model metapelitic and metapsammitic granulites[END_REF][START_REF] Mintrone | Quantifying frozen melt in crustal rocks: a new melt-o-meter based on zircon rim volumes[END_REF]. The solubility of zircon in silicate melts depends on melt temperature composition [START_REF] Watson | Zircon saturation revisited: temperature and composition effects in a variety of crustal magma types[END_REF][START_REF] Boehnke | Zircon saturation revisited[END_REF]. It also depends on heating and cooling rates [START_REF] Bea | Zircon inheritance reveals exceptionally fast crustal magma generation processes in central Iberia during the Cambro-Ordovician[END_REF], that are controlled by the shape and size of the magmatic body (de [START_REF] De Saint Blanquat | Multiscale magmatic cyclicity, duration of pluton construction, and the paradoxical relationship between tectonism and plutonism in continentalarcs[END_REF]. In the AR and MB massifs, the range of metamorphic peak temperatures estimated in the partially molten gneissic basement is about 650-750°C (Schulz andvon Raumer, 1993, 2011;Chiaradia, 2003;[START_REF] Genier | Water-Assisted Migmatization of Metagraywackes in a Variscan Shear Zone, Aiguilles-Rouges Massif[END_REF] and rises 750-800°C in the lower crust [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. In the middle crust, at temperatures between 650-700 °C, biotite and amphibole dehydration melting is limited (e.g. Wienberg and Hasalova, 2015). The absence of peritectic minerals in migmatite leucosome, their low muscovite and sillimanite contents and the high leucosome fraction observed in the AR and MB migmatites J o u r n a l P r e -p r o o f (von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF] attest for melt production through water-present melting reactions [START_REF] White | An in situ metatexite-diatexite transition in upper amphibolite facies rocks from Broken Hill, Australia[END_REF][START_REF] Sawyer | Migmatites formed by water-fluxed partial melting of a leucogranodiorite protolith: Microstructures in the residual rocks and source of the fluid[END_REF], as previously proposed in [START_REF] Genier | Water-Assisted Migmatization of Metagraywackes in a Variscan Shear Zone, Aiguilles-Rouges Massif[END_REF] for migmatite of the Emosson area. [START_REF] Couzinié | When zircon drowns: Elusive geochronological record of water-fluxed orthogneiss melting in the Velay dome (Massif Central, France)[END_REF] highlighted water-fluxed melting of quartzo-feldspathic orthogneisses in the eastern French Massif Central. The conclusions of [START_REF] Couzinié | When zircon drowns: Elusive geochronological record of water-fluxed orthogneiss melting in the Velay dome (Massif Central, France)[END_REF] are that low melting temperature involve limited zircon solubility in the melt phase. In addition, zircon grains armoured as inclusions in non-reacting biotite prevents the crystallization of newly formed zircon from the anatectic melt [START_REF] Bea | Residence of REE, Y, Th and U in granites and crustal protoliths; implications for the chemistry of crustal melts[END_REF][START_REF] Yakymchuk | Behaviour of zircon and monazite during crustal melting[END_REF]. We propose that most of the pegmatite, aplite and microgranite in the AR and MB massifs, that are characterized by important Ordovician inheritance without Carboniferous zircon recrystallization, originated from water-fluxed melting of Ordovician orthogneisses. Although less pronounced, the Ordovician inheritance was also recorded in magmatic zircon cores in the Montenvers (MB43), Vallorcine (AR73) and Mont-Blanc (MB37) granites (Fig. 12D-F). These late Carboniferous granites (~305 Ma) have peraluminous chemical compositions and a continental crust origin (von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF]. They are also spatially associated to the orthogneiss migmatite (Fig. 1B; [START_REF] Vitel | Etude pétrographique du tunnel du Mont-Blanc (partie française) et recherches géologiques complémentaires dans le massif[END_REF]. Similarly, we propose that the main melt production process at the origin of the Vallorcine, Montenvers and Mont-Blanc granites is water-fluxed melting of Ordovician orthogneisses. The discrete presence of Ordovician inheritance in the Montenvers, Vallorcine and Mont-Blanc granites can be attributed to the kinetics of heat transfer in felsic magmas that impacted zircon dissolution. Because of a greater volume, plutons have lower cooling rates than dykes (de [START_REF] De Saint Blanquat | Multiscale magmatic cyclicity, duration of pluton construction, and the paradoxical relationship between tectonism and plutonism in continentalarcs[END_REF], and have higher temperature conditions that enhance the dissolution of zircon grains [START_REF] Bea | Zircon inheritance reveals exceptionally fast crustal magma generation processes in central Iberia during the Cambro-Ordovician[END_REF]. Zircon grains of Early Carboniferous plutons (AR801, AR865) show almost no inheritance (Fig. 12B andC). This could also be the result of J o u r n a l P r e -p r o o f an efficient zircon dissolution process due to the metaluminous composition of magmas [START_REF] Bea | A LA-ICP-MS evaluation of Zr reservoirs in common crustal rocks: Implications for Zr and Hf geochemistry, and zircon-forming processes[END_REF] and/or higher temperature conditions [START_REF] Kelsey | Thermobarometric modelling of zircon and monazite growth in melt-bearing systems: examples using model metapelitic and metapsammitic granulites[END_REF].

The importance of Lower Paleozoic igneous rock contributions, particularly Ordovician intrusions, has been widely proposed for the sources of the Late Carboniferous Variscan granites in the French Central Massif [START_REF] Downes | Isotopic and trace-element arguments for the lower-crustal origin of Hercynian granitoids and Pre-Hercynian orthogeneisses, Massif Central (France)[END_REF][START_REF] Pin | Sources of Hercynian granitoids from the French Massif Central: Inferences from Nd isotopies and consequences for crustal evolution[END_REF][START_REF] Turpin | Meta-igneous origin of Hercynian peraluminous granites in N. W. French Massif Central: Implications for crustal history reconstructions[END_REF][START_REF] Downes | Sr, Nd and Pb isotope geochemistry of the Hercynian granodiorites and monzogranites, Massif Central, France[END_REF], in the Armorican massif [START_REF] Ballouard | Crustal recycling and juvenile addition during lithospheric wrenching: the Pontivy-Rostrenen magmatic complex, Armorican Massif (France), Variscan belt[END_REF][START_REF] Ballouard | Multiple crust reworking in the French Armorican Variscan belt: implication for the genesis of uranium-fertile leucogranites[END_REF] and in Iberia [START_REF] Neiva | U-Pb and 39Ar/40Ar data constraining the ages of the source, emplacement and recrystallization/cooling events from late-to post-D3 Variscan granites of the Gouveia area, central Portugal[END_REF][START_REF] Villaseca | Recycled metaigneous crustal sources for Sand I-type Variscan granitoids from the Spanish Central System batholith: Constraints from Hf isotope zircon composition[END_REF]Rodriguez et al., 2022). The strong contribution of meta-igneous rocks as melt sources for Late Carboniferous magmatism suggests that an important part of the melt fraction produced during the Variscan orogeny was generated by water-fluxed melting reactions rather than water-absent dehydration melting. This interpretation is consistent with recent studies highlighting that water-fluxed partial melting reactions are common phenomena in orogenic crust and are often at the origin of crustal-derived magmas (i.e. peraluminous magmas) (e.g. Wienberg and Hasalova, 2015;[START_REF] Sawyer | The age and source for late Hercynian magmatism in the Central Alps: Evidence from precise U-Pb ages and initial Hf isotopes[END_REF]. The water supply may originate from different sources such as water coming from the dehydration of nearby metapelitic rocks [START_REF] Sawyer | Migmatites formed by water-fluxed partial melting of a leucogranodiorite protolith: Microstructures in the residual rocks and source of the fluid[END_REF][START_REF] White | An in situ metatexite-diatexite transition in upper amphibolite facies rocks from Broken Hill, Australia[END_REF][START_REF] Weinberg | Water-fluxed melting of the continental crust: A review[END_REF] or from the lower crust (Braga and Massone, 2012).

Mafic enclaves are found in the Mont-Blanc pluton [START_REF] Bussy | Pétrogenèse des enclaves micro-grenues associées aux granitoïdes calcoalcalins: Exemple des massifs varisques du Mont-Blanc (Alpes occidentales) et miocène du Monte Capanne (Ile d'Elbe, Italie)[END_REF]) and several ca. 307 Ma old mafic intrusions have also been documented in the Fully area [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF] arguing for a contribution of a mantle source in the Late Carboniferous magmatism. Similarly, based on their geochemical signatures, von Raumer and [START_REF] Von Raumer | Mont-Blanc and Aiguilles-Rouges: Geology of their polymetamorphic basement (External massifs, France-Switzerland)[END_REF] suggested that the Montées-Pélissier and Pormenaz plutons probably originated from partial melting of the overthickened lower crust and interpreted enclaves of durbachites and lamprophyres as evidence of a mantle source. Early Carboniferous plutons also described in other ECMs (e.g. Schaltegger and Corfu, J o u r n a l P r e -p r o o f 1992; [START_REF] Debon | Datation du plutonisme magnésien varisque des massifs cristallins externes des Alpes: l'exemple du granite des Sept Laux (massif de Belledonne, France)[END_REF][START_REF] Debon | Late Variscan granites in the Belledonne massif (French Western Alps): An Early Visean magnesian plutonism[END_REF][START_REF] Guerrot | U-Pb zircon dating of two contrasting Late Variscan plutonic suites from the Pelvoux massif (French Western Alps)[END_REF][START_REF] Rubatto | Complex Paleozoic magmatic and metamorphic evolution in the Argentera Massif (Western Alps) resolved with U-Pb dating[END_REF] show similar geochemical compositions and are also interpreted as a mixing between crustal and mantle sources (Debon and Lemmet, 1999 and reference therein). Granite emplacement with a major mantle component and dated between 340-330 Ma is also known in other Variscan massifs (e.g., Vosges: [START_REF] Guillot | Zircon age of vaugnerite intrusives from the Central and Southern Vosges crystalline massif (E France): contribution to the geodynamics of the European Variscan belt[END_REF][START_REF] Tabaud | Chronology, petrogenesis and heat sources for successive Carboniferous magmatic events in the Southern-Central Variscan Vosges Mts (NE France)[END_REF]Corsica: Paquette et al., 2003;[START_REF] Li | From crustal anatexis to mantle melting in the Variscan orogen of Corsica (France): SIMS U-Pb zircon age constraints[END_REF]. These similarities suggest that a mantle thermal anomaly may have affected a large part of the Variscan belt and may have contributed into the bulk heat budget of the continental crust. The significance of the two successive thermal anomalies (i.e. Early and Late Carboniferous) associated with the two magmatic pulses in the AR and MB massifs and others ECMs remains elusive. Several orogenic-scale geodynamic events have been proposed, such as delamination of the lithospheric mantle (e.g. [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][START_REF] Vanderhaeghe | Flow of partially molten crust controlling construction, growth and collapse of the Variscan orogenic belt: the geologic record of the French Massif Central[END_REF], mantle plume [START_REF] Franke | Topography of the Variscan orogen in Europe: Failed-not collapsed[END_REF] or sub-lithospheric relamination and magmatic flow as recently invoked in the Bohemian massif [START_REF] Maierova | Relamination styles in collisional orogens[END_REF][START_REF] Maierova | Trans-litospheric diapirism explains the presence of ultra-high pressure rock in the European Variscides[END_REF].

Melt drainage during crustal-scale shear zone evolution

Based on structural and geochronological data, we propose a temporal evolution of the tectono-magmatic system during Carboniferous transpression. This conceptual model emphasizes the role of anastomosed shear zone network growth and water-fluxed melting of orthogneisses (Fig. 15). In the AR and MB massifs, the Variscan magmatism started around 340-330 Ma with the emplacement of the Pormenaz and Montées-Pélissier granites (Fig. 12B and C; [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. This magmatic pulse occurred in an overthickened crust as documented by the pressure conditions at ca. 1.75 GPa recorded in the eclogites and dated at 340-330 Ma [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF]. These two Early Carboniferous granites were emplaced J o u r n a l P r e -p r o o f at upper crustal levels. The root zone of plutons is not exposed and the feeder structures are unknown. Our observations argue for a subsolidus deformation with the development of S2 and C2 structures. In addition, microstructures show fractured K-feldspar grains without myrmekite formation and bulging recrystallization in quartz (Fig. 9C andD), suggesting a subsolidus deformation [START_REF] Passchier | Microtectonics[END_REF]. The magmatic foliation and lineation in the western side of the Pormenaz granite show sub-parallel orientation to the D1 deformation in the surrounding rocks and can be interpreted as syn-D1. Alternatively, the Montées-Pélissier granite displays microfractures in plagioclase healed by quartz (Fig. 9D), which is typical of submagmatic deformation [START_REF] Bouchez | Submagmatic microfractures in granites[END_REF][START_REF] Pawley | The development of contrasting structures during the cooling and crystallisation of a syn-kinematic pluton[END_REF], and plagioclase porphyroblasts are oriented sub-parallel to the S2 and C2 structures. These features may indicate an emplacement through vertical shear zones during the D2 transpression (Fig. 15A) and a subsolidus deformation during the ongoing D2 transpression.

Therefore, we propose that the vertical dextral shear zones may have initiated at 340-330 Ma with limited upward transfer of fluids and melts from the lower crust to upper crustal levels (Fig. 15A). Similar ages for the beginning of the dextral transpression are documented in the Argentera massif [START_REF] Simonetti | Kinematic and geochronological constraints on shear deformation in the Ferriere-Mollières shear zone (Argentera-Mercantour Massif, Western Alps): Implications for the evolution of the Southern European Variscan Belt[END_REF][START_REF] Simonetti | Unravelling the development of regional-scale shear zones by a multidisciplinary approach: The case study of the Ferriere-Mollières Shear Zone (Argentera Massif, Western Alps)[END_REF]. [START_REF] Vanardois | Exhumation of deep continental crust J o u r n a l P r e -p r o o f in a transpressive regime: the example of Variscan eclogites from Aiguilles-Rouges Massif (Western Alps)[END_REF] during longitudinal flow has been described in the Variscan belt (e.g. [START_REF] Cochelin | Strain partitioning within bending orogens, new insights from the Variscan belt (Chiroulet-Lesponne domes, Pyrenees)[END_REF] and in others hot orogens (e.g. [START_REF] Gapais | Kinematics of long-lasting Paleoproterozoic transpression within the Thompson Nickel Belt, Manitoba, Canada[END_REF][START_REF] J O U R N A L P R E -P R O O F Yin | Mechanics of V-shaped conjugate strike-slip faults and the corresponding continuum mode of continental deformation[END_REF][START_REF] Xu | Kinematics of the Tengchong Terrane in SE Tibet from the late Eocene to early Miocene: insights from coeval mid-crustal detachments and strike-slip shear zones[END_REF].

Ongoing dextral transpression is responsible for the development of a regional-scale anastomosed shear zone network with a S-C-C'-like structure. Numerous felsic dykes and pegmatites located in the C2 shear zones show evidences of syn-kinematic emplacements as exemplified by diffuse contact with the C2 migmatite layers (Lac Cornu pegmatite; Fig. 10A) or typical S-C structures (Lacs Noirs pegmatite; [START_REF] Berthé | Orientations préférentielles du quartz et orthogneissification progressive en régime cisaillant : L'exemple du cisaillement sud armoricain[END_REF] (Fig. 10C). These dykes are dated between 310-320 Ma (Fig. 14B andC), similar to the 317 ± 2 Ma age of leucogranitic injections in dextral shear bands documented in the MB massif [START_REF] Bussy | U-Pb geochronology of Palaeozoic magmatic events in the Mont-Blanc Crystalline Massif, Western Alps[END_REF].

These ages are also consistent with the dextral shearing constrained at ca. 320 Ma in the EBSZ [START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]. We propose that the formation and broadening of these shear zones enhanced aqueous fluid drainage in the orthogneisses and, thus, increased the water-fluxed melting reaction (Fig. 15B). The anatectic melts were collected in the C2 shear zones and formed the syn-kinematics dykes (Fig. 10 and15B).

The Vallorcine granite crosscuts C'2 shear bands (Fig. 9E). The granite also shows magmatic planar fabrics sub-parallel to the C'2 structures [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF] and a weakly developed subvertical foliation in surrounding granitic dykes [START_REF] Simonetti | Transpressive Deformation in the Southern European Variscan Belt: New Insights From the Aiguilles Rouges Massif (Western Alps)[END_REF]. Therefore, the emplacement of this granite is syn-C'2. A similar magmatic fabric in the core of the Mont-Blanc granite also indicates a syn-C'2 emplacement. The Montenvers granite has recorded quartzpolygonal recrystallization typical of high-temperature deformation [START_REF] Passchier | Microtectonics[END_REF] and fracture in plagioclase healed by quartz indicating submagmatic deformation [START_REF] Bouchez | Submagmatic microfractures in granites[END_REF][START_REF] Pawley | The development of contrasting structures during the cooling and crystallisation of a syn-kinematic pluton[END_REF] (Fig. 9G), whereas deformation of quartz in shear bands emphasizes lower-temperature deformation (Fig. 9G). Our structural and J o u r n a l P r e -p r o o f microstructural analyses indicate that the emplacements of the Vallorcine, Montenvers and Mont-Blanc granites took place inside crustal dextral C'2 shear zones (Fig. 2 and 9E to H) and no compressive structures are observed in their country rocks. Therefore, we interpret the C'2-dominant domains (i.e. the EBSZ and MSZ) as large-scale dilation shear structures that enhanced the emplacement of large volumes of melts within the continental crust at ca. 305 Ma (Fig. 15C). The C'2 shear zones represent the last structures of the dextral transpressional system. This interpretation is also consistent with the occurrence of cordierite-bearing migmatites in the Fully area showing cordierite clots parallel to C'2 plans (Fig. 5D) indicating a syn-C'2 partial melting dated at ca. 307 Ma [START_REF] Bussy | Bimodal magmatism as a consequence of the post-collisional re-adjustment of the thickened Variscan continental lithosphere (Aiguilles J o u r n a l P r e -p r o o f Rouges/Mont-Blanc Massifs, western Alps)[END_REF]. We speculate that local D3 deformation observed in the upper structural levels in the Servoz syncline may represent a limited vertical thinning due to these dilation structures or to the upward movements and emplacements of plutons. This deformation phase is not shown in figure 15. S1.

The bar scale indicated in A is used for all pictures (B to F).

J o u r n a l P r e -p r o o f S1. The bar scale indicated in A is used for all pictures (B to E).

J o u r n a l P r e -p r o o f • The main shear direction is not NE-SW but N-S directed.

• The S-C-C'-like strain pattern controls the transfer and emplacement of magmas.

• Late-orogenic magmas come from H2O-saturated melting of meta-igneous protoliths.

J o u r n a l P r e -p r o o f

  proposed that D1 initiated after the peak of pressure at ca. 340-330 Ma and interpreted D1 as a record of longitudinal flow of the partially molten lower crust. Based on the similar ages of the Pormenaz and Montées-Pélissier granites interpreted as syn-D1 and syn-D2 plutons, respectively, our results suggest that the initiation of D2 transpression is coeval with this D1 longitudinal flow. The similar stretching direction (330-040) recorded by L1 and L2 lineations are consistent with the concomitant D1 deformation longitudinal flow and the onset of D2 transpression. Similar partitioning of the deformation between horizontal and vertical fabrics J o u r n a l P r e -p r o o f

  These structural and geochronological results document a progressive growth of an anastomosed shear zone network at the scale of the AR and MB massifs during the same largescale transpressional deformation. The formation of this anastomosed network started with the progressive nucleation of the S2 foliation and C2-dominant shear zones at ca. 340-330 Ma.The development and broadening of the anastomosed shear zone network occurred between ca. 330-310 Ma. The formation of two large-scale dilation C'2 zones occurred at the end of the transpression at ca. 305 Ma.7. ConclusionJ o u r n a l P r e -p r o o fOur bulk structural analysis on the Variscan crust at the scale of the Aiguilles-Rouges and Mont-Blanc massifs highlights a crustal scale S-C-C' anastomosed network formed during dextral transpression along the EVSZ closely associated to plutons ascent and emplacement.Zircon and monazite LA-ICPMS U-Th-Pb dating of syn-tectonic dykes and large plutons constrain this bulk continental dextral deformation between ca. 340 and 305 Ma. During this time span, the transcurrent EVSZ network broadened and formed a regional-scale anastomosed system enhancing vertical flow and where C'-type shear zones acted as dilation structures that guided the ascent and the preferential growth of plutons. Zircon inheritance indicates that Late Carboniferous granitic melts are mainly derived from water-fluxed melting of Ordovician orthogneiss with the input of mantle-source derived magmas. Over time, the growth of the dextral anastomosed network enhanced water transfer through the shear zones and water-fluxed melting to produce more anatectic melts.
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 1 Fig. 1: (A) Paleogeographic reconstitution of the European Variscan Belt at the end of the

Fig. 2 :Fig. 4 :

 24 Fig. 2: (A) Synthetic map showing the simplified foliation trajectories of D1, D2 and D3
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 5 Fig. 5: D2 deformation. S2-C2-C'2 structures in the Lac Cornu area (A) (N46.066231;
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 6 Fig. 6: (A) Detailed map of the D1-D2-D3 foliations and their trajectories in the southwestern
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 8 Fig. 8: D3 deformation. (A) F3 folds from the western limb of the Servoz syncline, Prarion area
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 9 Fig. 9: Deformation features in the magmatic rocks of the AR and the MB Massifs. Sample
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 10 Fig. 10: Pegmatitic and aplitic samples. (A) Pegmatite AR833 from the Lac Cornu area
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 11 Fig. 11: Cathodoluminescence images of zircon grains from: (A) the Couteray orthogneiss; (B)
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 12 Fig. 12: Zircon U-Pb Tera Wasserburg diagrams obtained by LA-ICPMS from (A) the Couteray
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 14 Fig. 14: Zircon U-Pb Tera Wasserburg diagrams (A, C, E, F, D) and monazite U-Th-Pb concordia

Fig. 15 :

 15 Fig. 15: Tectono-magmatic evolution of the AR and MB massifs. (A) Initiation of the dextral

•

  The strain pattern of a portion of the crustal East-Variscan Shear Zone is given.

  

  Table 1 for sample locations. Mineral assemblages are detailed in Table 1..
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