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During the late stage of the Variscan orogeny, the pyrenean segment underwent intense magmatism and regional high temperature -low pressure metamorphism. In the Lesponne -Chiroulet -Neouvielle area, a granodioritic pluton was emplaced in the upper crust while dioritic to granitic magmas were emplaced in metamorphic domes. Magmatism was contemporaneous with the regional crustal partial melting recorded in the core of the domes. The area is therefore a key target in the Pyrenees to discuss potential magmatic sources as well as the age and duration of the late Variscan magmatism. Geochemical data on representative magmatic rocks highlight two distinct sources of magma: a mantle source and a metasedimentary crustal source that produced respectively metaluminous and peraluminous magmas.

Geochronological results show that magmatism took place over a period of about 10 My from ca. 303 to ca. 290 Ma. During this period, the middle to lower crust was composed of partially molten metasediments intruded by mantle and crustal magmas that crystallized in a final pulse at ca. 290 Ma.

Late Variscan metamorphism and magmatism recorded in the Pyrenees have to be related to a significant and rapid heating from the underlying mantle rather than to crustal processes such as the maturation of a thickened continental crust. We propose that the initiation of metamorphism and bimodal magmatism at ca. 305 Ma in the Pyrenees is the expression of the delamination of the Gondwanan lithospheric mantle at a global scale in the Variscan belt.
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Introduction

Late stages of orogenic cycles are mostly characterized by abundant magmatism associated with high temperature -low pressure (HT-LP) metamorphism [START_REF] Bonin | Do coeval mafic and felsic magmas in post-collisional to within-plate regimes necessarily imply two contrasting, mantle and crustal, sources? A review[END_REF]Vanderhaeghe, 2012). The origin of magmas and the duration of magmatism are therefore critical parameters for the understanding of the geodynamical context of late orogenic stages. Late orogenic evolution is well expressed in the Variscan orogeny, which ended by a widespread magmatism and a HT-LP metamorphism occurring throughout the belt (e.g. [START_REF] Harley | Syn-convergent hightemperature metamorphism and magmatism in the Variscides : a discussion of potential heat sources[END_REF]O'Brien, 2000). The Pyrenean segment of the belt is characterized by a diversified late Carboniferous to early Permian magmatism (mafic to felsic; peraluminous and metaluminous; calc-alkaline to alkaline magmas), synchronous with HT-LP metamorphism and with a major deformation event [START_REF] Carreras | Tectonique hercynienne[END_REF][START_REF] Debon | Magmatisme hercynien[END_REF][START_REF] Guitard | Métamorphisme hercynien[END_REF]Olivier et al., 2008;[START_REF] Aguilar | Late Variscan metamorphic and magmatic evolution in the eastern Pyrenees revealed by U-Pb age zircon dating[END_REF]Denèle et al., 2014;Pereira et al., 2014;[START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. While moderate crustal thickening has been recognized in the Pyrenees [START_REF] Azambre | Disthène et staurotide reliques dans les métapelites du Canigou (Pyrénées orientales). Relations avec les épisodes hercyniens de basse et moyenne pressions[END_REF], there is no evidence for a HP-LT metamorphism indicative of the Devonian subduction phase documented elsewhere in the Variscan realm (figure 1a, [START_REF] Matte | Accretionary history and crustal evolution of the Variscan belt in Western Europe[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]. The presence of Carboniferous flysh deposits (Delvolve, 1996) further suggests that the Pyrenees constituted part of the southern foreland of the Variscan belt before the late HT-LP orogenic stage [START_REF] Franke | Hot metamorphic core complex in a cold foreland[END_REF]Denèle et al., 2014;[START_REF] Franke | Topography of the Variscan orogen in Europe: Failed-not collapsed[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 is therefore of prime importance to study and understand the origin and the establishment of the late Variscan HT-LP thermal regime. Up to now, only few geochronological constraints are available on migmatites, anatectic granites and mafic to intermediate magmatic bodies in the Pyrenees. Recent works suggest that magmatic activity lasted until the middle Permian [START_REF] Aguilar | Late Variscan metamorphic and magmatic evolution in the eastern Pyrenees revealed by U-Pb age zircon dating[END_REF]Esteban et al., 2015;[START_REF] Kilzi | Geochemistry and zircon U-Pb geochronology of the ultramafic and mafic rocks emplaced within the anatectic series of the Variscan Pyrenees: The example of the Gavarnie-Heas dome (France)[END_REF]. We present new geochronological data on migmatites and magmatic rocks from the Lesponne and Chiroulet gneiss domes and the Neouvielle pluton, in the western Axial Zone (figure 1b). These results are interpreted together with isotopic analysis and temperature estimates of the surrounding crustal metamorphic rocks in order to propose a chronology
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for the late Variscan evolution in the Pyrenees and to discuss the relative contribution of the mantle and crustal sources for the generation of the magmas as well as at the heat sources responsible for the HT-LP metamorphism.

Geological setting

The Variscan belt is an Upper Paleozoic orogeny resulting from the convergence between the Gondwana and Laurentia continents and the Avalonia and Armorica microcontinents (e.g. [START_REF] Matte | Accretionary history and crustal evolution of the Variscan belt in Western Europe[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] Martínez Catalán | Are the oroclines of the Variscan belt related to late Variscan strike-slip tectonics[END_REF]. The succession of subduction and collision led to high pressure -low temperature metamorphism during Devonian (Pin and Vielzeuf, 1983;[START_REF] Bosse | Late Devonian subduction and early-orogenic exhumation of eclogite-facies rocks from the Champtoceaux Complex (Variscan belt, France)[END_REF]Roger and Matte, 2005;[START_REF] Giacomini | The geodynamic evolution of the Southern European Variscides: constraints from the U/Pb geochronology and geochemistry of the lower Palaeozoic magmatic-sedimentary sequences of Sardinia (Italy)[END_REF][START_REF] Vacherat | Rift-to-collision sediment routing in the Pyrenees: A synthesis from sedimentological[END_REF][START_REF] Lotout | Timing and duration of Variscan high-pressure metamorphism in the French Massif Central: A multimethod geochronological study from the Najac Massif[END_REF]. Then, the Variscan orogeny ended by a late high temperature event during Carboniferous to early Permian which led to widespread partial melting and magmatism throughout the belt (e.g. [START_REF] Burg | Syn-to post-thickening extension in the Variscan Beit of Western Europe: Modes and structural consequences[END_REF][START_REF] Gutiérrez-Alonso | Diachronous post-orogenic magmatism within a developing orocline in Iberia[END_REF][START_REF] Lardeaux | Deciphering orogeny: A metamorphic perspective examples from european alpine and variscan belts Part II: Variscan metamorphism in the french massif central -A review[END_REF]Schulmann et al., 2014;[START_REF] Gapais | Extensional tectonics in the Hercynian Armorican belt (France). An overview[END_REF][START_REF] Ballouard | Tectonic record, magmatic history and hydrothermal alteration in the Hercynian Guérande leucogranite, Armorican Massif, France[END_REF][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] 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] Ballouard | Crustal recycling and juvenile addition during lithospheric wrenching: The Pontivy-Rostrenen magmatic complex, Armorican Massif (France), Variscan belt[END_REF].

The Pyrenean segment of the Variscan belt is mainly composed of Precambrian to Permian sediments (Padel et al., 2018) affected by the late HT-LP event responsible for the emplacement of several gneiss domes and intruded by plutons between 310 Ma and 295 Ma under transpressional settings (Debon et al., 1996;[START_REF] Guitard | Métamorphisme hercynien[END_REF]Roberts et al., 2000;[START_REF] Mezger | Metastable staurolite-cordierite assemblage of the Bossòst dome: Late Variscan decompression and polyphase metamorphism in the Axial Zone of the central Pyrenees[END_REF]Mezger and Wissenschaften, 2005;Olivier et al., 2008;[START_REF] Aguilar | Late Variscan metamorphic and magmatic evolution in the eastern Pyrenees revealed by U-Pb age zircon dating[END_REF]Denèle et al., 2014;Pereira et al., 2014;[START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]2018). Gneiss domes are longitudinally elongated and were emplaced within the upper crust by horizontal E-W flow of the mid-lower crust at peak metamorphism (e.g. Denèle et al., 2014;[START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. The studied area is located in the western Axial Zone of the Pyrenees (figure 1b) where the great diversity of metamorphic and magmatic rocks is well exposed within the Lesponne and Chiroulet Carboniferous metasediments (figure 2). The Neouvielle massif is a late-Carboniferous granodioritic pluton with a high-K calc-alkaline signature characteristic of all the main plutons emplaced in the upper crust during the late Variscan HT-LP event [START_REF] Debon | Magmatisme hercynien[END_REF]Roberts et al., 2000). The pluton is composed of two petrographic facies [START_REF] Ternet | Notice explicative, Carte géologique de France (1/50 000[END_REF]: a light granodiorite in the center of the pluton and a dark granodiorite in its external part. The Chiroulet and Lesponne domes are both made of a metasedimentary series. In the core of the domes, partial melting of the metasediments is recorded by the occurrence of migmatites. Dioritic and granitic bodies appear as intrusions in those migmatites (Pouget, 1984(Pouget, , 1987;;[START_REF] Soula | Evolution structurale des ensembles métamorphiques, des gneiss et des granitoïdes dans les Pyrénées centrales[END_REF][START_REF] Ternet | Notice explicative, Carte géologique de France (1/50 000[END_REF][START_REF] Ternet | Carte géologique de France (1/50 000[END_REF]. On one hand, the Lesponne dome is divided into two magmatic massifs: the Lesponne sensu strico in the west and the Aygue-Rouye massif in the east. However, the continuity of the structures and the petrography shows that they represent the same dome. [START_REF] François | Etude géologique et métallogénique de la région du Pic du Midi de Bigorre (Hautes-Pyrénées)[END_REF] and Pouget (1984) distinguished two different magmatic units. The first magmatic unit is composed of dark granitoids varying in composition from gabbro to granodiorite but mainly consisting of diorite. The second magmatic unit corresponds to light granitoids with a porphyritic granite as the main constituent. While [START_REF] François | Etude géologique et métallogénique de la région du Pic du Midi de Bigorre (Hautes-Pyrénées)[END_REF] proposed that the dark unit is intruded by the light one, Pouget (1984) argued for the opposite. The latter described also an "intermediate facies"

between the two units that he interpreted as the result of a mixing between the two magmas. The two units are surrounded by migmatites and by sillimanite bearing schists. On the other hand, the Chiroulet dome is mainly composed of a migmatitic core showing progressive evolution from metatexite to diatexite and anatectic granites from the limbs to the core [START_REF] Ternet | Carte géologique de France (1/50 000[END_REF].

Methods

Geochemistry

A C C E P T E D M A N U S C R I P T

Bulk-rock composition has been determined by X-ray fluorescence in the Center for Analytical Facility (CAF), Stellenbosch University (South Africa). Analytical method is described in supplementary material appendix A. Major and trace elements and isotopic analyses were obtained in the Service d'Analyse des Roches et des Minéraux (SARM), Nancy (France). Major elements and trace elements were analyzed by ICP-OES and ICP-MS respectively following the analytical procedures described by [START_REF] Carignan | Routine Analyses of trace Elements in Geological Samples using Flow injection and Low Pressure On-Line liquid Chromatography Coupled to ICP-MS : A study of Geochemical Reference Materials BR, DR-N, UB-N, AN-G and GH[END_REF].

For Sr and Nd isotopic analysis, samples were finely powdered (<50 µm) and digested in a 4:1 HNO 3 -HF mixture on a hot plate at 115°C for 48 hours. Following evaporation, samples were rinsed in concentrated HCl and dried. After complete digestion, samples were dissolved in 2 ml 2N HNO 3 then loaded onto Sr Spec and Tru Spec resins for chromatographic separation, following the procedure described in Pin et al. (1994). Sm and Nd fractions were further separated using Ln Spec resin following the procedure described in Pin and Zalduegui (1997). Sr isotopic analysis was performed by thermal ionisation mass spectrometry on a Triton Plus (Thermo electron) apparatus in multicollection static mode. Mass bias was corrected using an exponential law and a 86 Sr/ 88 Sr reference value of 0.1194. Nd isotopic analysis was performed by MC-ICP-MS on a Neptune Plus (Thermo electron) apparatus. Mass bias was corrected using an exponential law and a 146 Nd/ 144 Nd reference value of 0.7219.

Geochronology

A standard mineral separation procedure was applied to concentrate zircon grains using the facilities available at the Géosciences Environnement Toulouse laboratory. Samples were crushed using jaw crusher and disc mill. The powder fraction <400 µm was selected for mineral separation. Zircon grains were concentrated using Wifley table, heavy liquids (tetrabromoethane and diiodomethane) and an isodynamic Frantz separator successively. They were then handpicked under a binocular microscope, embedded in epoxy mount and polished to an equatorial grain section. About 100 to 150 zircon crystals were imaged by cathodoluminescence (CL) using a CAMECA SX-Five at the Centre de Microcaractérisation Raimond Castaing, Toulouse. In order to date partial melting, zircon grains from the
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A N U S C R I P T migmatites presenting overgrowths were selected. U-Pb analyses were conducted by LA-ICP-MS at Géosciences Rennes using an ESI NWR193UC Excimer laser coupled to a quadripole Agilent 7700x ICP-MS. The instrumental conditions and data processing are reported in appendix B and the procedure follows [START_REF] Ballouard | Tectonic record, magmatic history and hydrothermal alteration in the Hercynian Guérande leucogranite, Armorican Massif, France[END_REF].

Mineral composition

Biotite composition was measured at the Raimond Castaing Center of the University Paul Sabatier (Toulouse, France), using a CAMECA SX-Five electron microprobe. The operating conditions were as follows: accelerating voltage 15 kV, beam current 20 nA, analysed surface 2x2 µm. The following standards were used: periclase (Mg), corundum (Al), sanidine (K), wollastonite (Si, Ca), pyrophanite (Ti, Mn), hematite (Fe), albite (Na), topaze (F), tugtupite (Cl), BaSO 4 (Ba) and Cr 2 O 3 (Cr).

Field relationships and petrography

Intrusive magmatic rocks

A light-type (15MSB20) and a dark-type granodiorite (15MSB22) have been sampled in the center and at the margin of the Neouvielle pluton respectively. The light-type granodiorite contains quartz, plagioclase, K-feldspar, rare biotite and rare amphibole and shows HT solid-state deformation (Gleizes et al., 1999).

The dark-type granodiorite is composed of quartz, plagioclase, K-feldspar, biotite, hornblende, rare pyroxene and accessory minerals such as zircon and present a poorly defined magmatic fabric.

In the Lesponne dome, one sample (15BL179) has been collected in the dark dioritic unit of the Lesponne sub-dome and one sample (15BL177) has been collected in the light granitic unit of the Aygue Rouye subdome. Sample 15BL179 is composed of plagioclase, K-feldspar, biotite, amphibole and rare quartz. It is affected by a foliation (figure 3a) parallel to the regional NW-SE foliation measured in the host

A C C E P T E D M A N U S C R I P T
micaschists and paragneisses (figure 2c). The mineralogy of sample 15BL177 is quartz, plagioclase, Kfeldspar and biotite. The K-feldspar phenocrysts show a shape-preferred orientation (figure 3a-b) which underlines a magmatic foliation related to the emplacement of the granitic body. This magmatic foliation is parallel to the regional foliation recorded in the country rocks. The granitic unit is structurally located above the dioritic unit at the scale of the dome (figure 2c). Foliation planes observed in both units are colinear and parallel to the magmatic contact (figure 3a). The leucogranite and diorite bodies show a similar N130°E magmatic mineral lineation underlined by oriented amphiboles, feldspaths and biotite or muscovite aggregates. Moreover, we locally notice the presence of porphyritic feldspar xenocrysts from the granite inside the dioritic body (figure 3a) at its margin. These observations suggest coeval crystallization for the dioritic and granitic magmas.

In the Chiroulet dome, a granite sample was collected (15BL168) in the core of the structure. It is composed of quartz, plagioclase, K-feldspar, muscovite. We also notice the presence of small amphibolitic enclaves (figure 3c) in the diatexite. One of these enclaves corresponds to sample 15BL166.

While some granitic bodies are underformed, others display C/S fabrics (figure 3d) which suggest subsolidus deformation during or after their emplacement [START_REF] Gapais | Shear structures within deformed granites: mechanical and thermal indicators[END_REF]. When observed, the foliation affecting the granitic bodies is parallel to the regional foliation recorded in the migmatites.

Migmatites

The sedimentary rocks of the Lesponne and the Chiroulet domes are both affected by partial melting in the core of the dome. In the Lesponne dome, the migmatites, corresponding to sample 15BL176, are metatexites localized around the magmatic bodies of the Aygue-Rouye dome (figures 2 & 3b). The mineralogy comprises K-feldspar, plagioclase, biotite, sillimanite and biotite. The foliation in the migmatite, underlined by the melanosome-leucosome alternance as well as by the biotite-sillimanite alignment is parallel to the regional foliation. The protolith of these metatexites is supposed to be the
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Cambrian metasedimentary unit (Pouget, 1984;[START_REF] Ternet | Notice explicative, Carte géologique de France (1/50 000[END_REF][START_REF] Ternet | Carte géologique de France (1/50 000[END_REF]. Field observations show interconnexion features between migmatite leucosomes and the porphyritic granite (figure 3b). Thus, the porphyritic granite is interpreted as a product of the partial melting of the sediments. In the Chiroulet dome, we sampled the main facies, i.e. migmatitic paragneiss (15BL169) and diatexite (15BL164) close to the anatectic granite (figure 3c-d). The mineralogy of the migmatites is similar to that of the Lesponne migmatites. Similarly to the Lesponne massif, migmatites from the Chiroulet show a well-defined shallowly dipping foliation (figure 3b).

Metasedimentary sequence

The Lesponne and Chiroulet domes are mantled by Cambrian to Carboniferous metasedimentary rocks.

The Cambrian to Ordovician sequence, outcropping in the Lesponne dome, corresponds to andalusite to sillimanite-bearing micaschists (sample 15BL180) and reached partial melting near the Aygue-Rouye granite. The isogrades (figure 2) underline the dome shape and crosscut both the lithologic and the main structural contacts. Dark Silurian schists contain abundant quartz veins in the Lesponne dome. In the northern flank of the Chiroulet dome, the Silurian series is reduced along a detachment level marked by a temperature step from the andalusite bearing Devonian schist to the migmatite (figures 2 and 3; [START_REF] Cochelin | Champ de déformation du socle paléozoïque des Pyrénées[END_REF]. Devonian rocks are well represented in the studied area and are mainly composed of schists with intercalations of marble. In the Devonian schists from the Lac Bleu area, we noticed the abundance of tourmaline that crystallized within the foliation underlined by quartz ribbons and biotites (figure 3e). The southern flank of the Chiroulet dome is characterized by a northward progressive temperature increase from the biotite to the sillimanite zone. The Carboniferous sediments outcropping in the north of the Neouvielle pluton are limestones and schists. At the contact of the pluton, a metamorphic aureole is superimposed to the epizonal regional metamorphism.
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Geochemistry

Major and trace elements chemistry

Results are presented in table 1 andfigure 4. In the K 2 O vs. SiO 2 diagram (figure 4a), the samples plot in the gabbro-dioritic to granitic fields and all the magmatic rocks from the metamorphic domes and the Neouvielle pluton present the high-K calc-alkaline signature that characterize all the late Variscan plutons in the Pyrenees. Based on the Shand diagram (figure 4b), two rock types are distinguished. The light magmatic rocks, corresponding to the Chiroulet and Lesponne granites and the light granodiorite of the Neouvielle pluton, have a peraluminous signature with A/CNK ratios higher than 1. The Lesponne gabbroic-diorite and the Neouvielle dark granodiorite have a metaluminous signature with A/CNK ratios lower than 1 and higher A/NK ratios than the previous rock type. We note the peculiar position of the Chiroulet amphibolite (15BL166) which has an A/CNK ratio higher than 1 but also a A/NK ratio higher than the light magmatic rocks.

The REE patterns normalized to chondrites [START_REF] Boynton | Cosmochemistry of the rare earth elements: meteorite studies[END_REF] are similar to those measured for other Variscan magmatic rocks in the pyrenean segment with an enrichment in LREE, a slight negative Eu anomaly and a La/Yb ratio in the range of 32 to 7 (figure 4c). The leucogranite and the leucosome of the diatexite of the Chiroulet show distinct patterns characterized by a more depleted spectra when compared to the other samples and La/Yb ratio of 10 and 2 respectively. Extended trace element patterns (figure 4d) normalized to Primitive Mantle [START_REF] Mcdonough | The composition of the Earth[END_REF] are characterized by negative anomalies in HFSE (Nb, Ta, Ti) and positive anomalies in LILE (e.g. U, Pb).

Isotope chemistry

Nd and Sr isotopes analyses have been performed on both magmatic and metasedimentary rocks in order to compare the magmatic signatures with the host rocks and the protoliths of the anatectic granites. The ɛNd (t) and 87 Sr/ 86 Sr (t) ratios are recalculated at 300 Ma (mean age obtained by U-Pb dating
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on zircon -this study) with decay constants from [START_REF] Böhlke | Isotopic compositions of the elements[END_REF] and [START_REF] Steiger | Subcommission on geochronology: convention on the use of decay constants in geo-and cosmochronology[END_REF] respectively and with the chondritic reference value of [START_REF] Bouvier | The Lu-Hf and Sm-Nd isotopic composition of CHUR: Constraints from unequilibrated chondrites and implications for the bulk composition of terrestrial planets[END_REF]. Results are presented in figure 5. ɛNd (t) are negative, varying from -2 to -13 and 87 Sr/ 86 Sr (t) ratios range between 0.702 and 0.720.

An evolution from lower ɛNd (t) -higher 87 Sr/ 86 Sr (t) to higher ɛNd (t) -lower 87 Sr/ 86 Sr (t) is observed. While metasedimentary rocks present the most crustal signature (low ɛNd (t) and high 87 Sr/ 86 Sr (t) ), mafic rocks show a signature close to the mantle domain (high ɛNd (t) and low 87 Sr/ 86 Sr (t) ). The granitic rocks of the Lesponne-Chiroulet domes and the Neouvielle granodiorite yield intermediate values between those found for the mafic and metasedimentary rocks.

Geochronology

Results and CL images are presented in table 2 and figure 6 respectively. Data have been plotted in Tera Wasserburg Concordia diagrams (figure 7). Concordia ages have been calculated using Isoplot 3.75 [START_REF] Ludwig | .15: a geochronological toolkit for Microsoft[END_REF]. Uncertainties were propagated following the recommendation from Horstwood et al.

(2016) (appendix B).

Zircon grains from the two facies of the Neouvielle granodiorite are colorless and euhedral with sharp concentric zoning (figure 6a and6b). The analyses of sixteen crystals from the dark facies yield a Concordia age (as of [START_REF] Ludwig | On the treatment of concordant uranium-lead ages[END_REF] of 302 ± 2 Ma (MSWD = 0.32; black ellipses in figure 7a) while the Concordia age for the light granodiorite obtained on 17 zircon grains is 305 ± 2 Ma (MSWD = 0.18; grey ellipses in figure 7a).

The zircon crystals from the Lesponne dioritic series are pinkish and elongated. They often present two oscillatory zoned domains separated by a resorption horizon (figure 6c, d, e andf). Two groups of concordant ages are obtained (figure 7b) at 303 ± 3 Ma (MSWD = 0.27; blue ellipses) and 292 ± 2 Ma (MSWD = 0.37; orange ellipses), corresponding to data obtained on internal and external domains

A C C E P T E D M A N U S C R I P T
respectively in the crystals that present a dissolution horizon. Homogeneous crystals yield either of the two dates. A few analyses (grey ellipses in figure 7b) plot along a horizontal line in the Tera-Wasserburg diagram and return younger 206 Pb/ 238 U apparent ages. There is no correlation between these younger dates and the position of the laser spot in the corresponding grains. Furthermore, there is no evidence for the presence of outer-rim or overgrowth apart for the ca. 290 Ma ones. Therefore, we interpret these younger dates as meaningless and could be linked to a very slight Pb-loss caused by post-variscan event(s). It is interesting to note that no pre-variscan (i.e. older than 300 Ma) inherited core has been found among the 102 zircon grains imaged by CL for the Lesponne diorite.

In the Lesponne porphyritic granite, two types of zircon grains were found. Type 1 (figure 6g), which is the most abundant, is colorless and elongated with oscillatory zoning in CL images. Type 2 (figure 6h) is brownish and rounded. Type 2 grains present a distinct core surrounded by a narrow rim that could not be analyzed given its small size. The 206 Pb/ 238 U apparent ages for type 2 zircon cores vary from 650 to 420 Ma (black ellipses in figure 7c). Type 1 zircon analyses plot in a concordant to discordant position (orange and grey ellipses on figure 7c). The oldest group of 15 concordant analyses (orange ellipses) yields a Concordia age of 290 ± 1 Ma (MSWD=0.64; figure 7c). The remaining data (grey ellipses) are subconcordant to discordant (figure 7c). There is no evidence for recrystallization or overgrowth on the rims of type 1 zircon (figure 6d). Furthermore, there is no specific relationship between the 206 Pb/ 238 U dates and the position of the analytical laser spot in the grains for the discordant analyses. It is interesting to note that all the analyses younger than 290 Ma plot along a horizontal line in the Tera-Wasserburg diagram. It seems therefore difficult to interpret these younger (i.e < 290 Ma) apparent ages as meaningful, and we rather suggest that they are the consequence of Pb loss. We interpret the data that plot above the Concordia as the consequence of a slight amount of common lead in the crystal lattices.

Thus, the scattering of data points might be explained by a combination of common Pb incorporation and slight Pb loss in the 290 Ma old zircon grains that crystallized in the granitic magma.
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Zircon crystals in the Lesponne migmatite are euhedral and present distinct cores (figure 6i) yielding apparent 206 Pb/ 238 ages ranging from 689 to 550 Ma (figure 7d). The cores are resorbed and surrounded by an overgrowth with oscillatory zoning. The concordant analyses from the oldest 11 overgrowths yield a Concordia age of 302 ± 3 Ma (MSWD = 0.72; figure 7d). The analyses obtained on other zircon overgrowths plot in a sub-concordant to discordant position (grey ellipses, figure 7d). Here again, the least discordant analyses present a wide range of apparent 206 Pb/ 238 U ages as young as 263 Ma (Table 2) and plot along a horizontal line in the Tera-Wasserburg diagram. No evidence for outer rim or overgrowth can be observed on the grains presenting these young 206 Pb/ 238 U dates. We therefore interpret them as linked to (post carboniferous) Pb loss. The remaining data can be explained by a combination of Pb loss and the presence of variable amount of common Pb in the zircon (Figure 7d).

In the Chiroulet leucogranite, zircon grains are elongated and euhedral, colorless to pinkish, with distinct cores and overgrowth (figure 6j). Cores yield apparent ages ranging from 958 to 470 Ma (Table 2).

Analyses performed on the overgrowths plot in concordant to discordant positions (Figure 7e, orange and grey ellipses). The oldest concordant analyses (N=11) yield a Concordia age of 290 ± 3 Ma (MSWD = 1.6; figure 7e, orange ellipses). The remaining data plot either to the right of or above the group of the concordant data. Again, there is no textural evidence to explain the youngest 206 Pb/ 238 U apparent ages (<290 Ma). We therefore explain the position of those analyses by a combination of Pb loss and the presence of variable amount of common Pb in the zircon (Figure 7e).

Zircon grains of the Chiroulet diatexite are brownish and euhedral. On the CL images, they appear as dark and heterogeneous with the presence of oscillatory zoning at the rim (figure 6k). Uranium content is extremely high (2000 < U(ppm) < 17000). In a Tera Wasserburg diagram (figure 7f), the data plot in a concordant to slightly discordant position with apparent 206 Pb/ 238 U ages ranging from 297 to 256 Ma. This spread of apparent ages can be best explained by heterogeneous lead loss probably linked to the high uranium contents in the grains [START_REF] Geisler | Leaching and differential recrystallization of metamict zircon under experimental hydrothermal conditions[END_REF]. The two oldest concordant analyses and6180117d, table 2) return a Concordia age of 297 ± 6 Ma (MSWD = 0.31) interpreted as the minimum age for the crystallization of these zircon crystals. In that scenario, all the analyses that return younger apparent ages are interpreted as the result of Pb loss. If all the data are taken into account, they yield a poorly defined upper intercept date of 319 +84/-22 Ma (MSWD = 0.27), which is comparable within error with the date of 297 ± 6 Ma calculated with the two oldest concordant grains. It is interesting to note that none of the imaged grains from this sample presents inherited core.
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Pressure-temperature estimates

The metamorphic conditions of the host-rock during emplacement of magmatic bodies have been estimated from a sillimanite bearing migmatitic micaschist of the Lesponne dome (sample 15BL176, figure 2). The stable assemblage is Bt-melt-Pl-Sil-Kfs-Qtz (abbreviations from [START_REF] Kretz | Permo-Carboniferous magmatism and rifting in Europe[END_REF], figure 3f). The Fe/Fe+Mg ratio of biotite is about 0.74. The H 2 0 content used for phase petrology modelling has been estimated from the loss of ignition. Pseudosections have been drawn in the NCKFMASH system using Perple_X software [START_REF] Connolly | The geodynamic equation of state: What and how[END_REF] with the thermodynamic dataset of [START_REF] Holland | An internally consistent thermodynamic data set for phases of petrological interest[END_REF] and solid solution models as detailed in appendix C. Results are presented in figure 8a. The metamorphic assemblage of sample 15BL176 is stable in the range 3.5-6 kbar for a temperature of 650-725 °C, which corresponds to muscovite dehydration melting (figure 8a). The pressure-temperature conditions estimated from the biotite composition are 700 ± 25 °C and 4.2 ± 0.5 kbar.

Chiroulet and Lesponne domes show similarities as they both present a migmatitic core attributed to the late-variscan HT-LP metamorphism, synchronous with magmatism and deformation. It is difficult to estimate pressure and temperature for the Chiroulet dome due to i) late pervasive fluid circulation and ii) inappropriate mineralogy (limited to K-feldspar -biotite -quartz) of the metamorphic rocks which hampers the use of geothermetry. However, the greater abundance of diatexite in the Chiroulet dome
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suggests that melt fraction was higher than in the Lesponne dome. Thus, the maximal temperature reached in the Chiroulet dome may have been higher than in the Lesponne dome. The core of the Chiroulet dome is interpreted as a relic of the middle crust.

The crystallization temperature of a dioritic magma from the Lesponne dome (15BL179) has been estimated using p-Melts software (Ghiorso et al., 2002). As the emplacement depth of the Lesponne diorite and the H 2 O content are not well constrained, models have been performed at variable pressure (in the range 3 to 6 kbar corresponding to pressure estimates on the host metamorphic rocks) and variable H 2 O content (4 to 8 wt%; [START_REF] Hamilton | The Solubility of Water and Effects of Oxygen Fugacity and Water Content on Crystallization[END_REF]Wallace and Anderson, 1999). The aim of these models is to estimate the temperature of crystallization of the last melt and compare it with the temperature of the host-rock. The evolution of the melt fraction as a function of the temperature is represented in figure 8b. The solidus temperature varies from 575 °C (6 kbar, 4 wt% H 2 O) to 725 °C (3 kbar, 4 wt% H 2 O). The metamorphic temperature recorded in the host-rock (700°C, 4.2 kbar) therefore broadly corresponds to the solidus of the dioritic intrusion. It is thus suggested that the dioritic magmas crystallized in equilibrium with the surrounding metamorphic dome at low depth.

The Neouvielle pluton intruded the low-grade Carboniferous to Devonian metasedimentary series, i.e. within the chlorite zone. Thus, it is advocated that it was emplaced in the upper part of the crust.

Discussion

Petrogenesis of the magmatic rocks

The diversity of the chemical (e.g. metaluminous versus peraluminous) and the isotopic characteristics of the magmas (0.702 < 87 Sr/ 86 Sr (t) < 0.716 and -13 <Nd (t) < -2) advocate for the existence of several sources, which could be either (i) mantle peridotites, (ii) magmatic crustal rocks and (iii) metasediments.

(i)

Previous studies have suggested that the mantle beneath the Pyrenees was heterogeneous (Fabriès et al., 1998 and references therein). The occurrence of both depleted and enriched
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mantle is evidenced by the high variability of the ɛNd for the ultramafic to mafic rocks from different locations in the Pyrenees (Pin, 1989;Roberts et al., 2000).

(ii) The pre-Variscan magmatic rocks outcropping in the Axial Zone are abundant Cambro-Ordovician granites intruding the lower Paleozoic metasediments [START_REF] Debon | Magmatisme hercynien[END_REF]. The nature of the underlying lower crust is unknown and some authors infer the presence of basaltic to andesitic lithologies on the basis of petro-geochemical studies of magmatic rocks ( Roberts et al., 2000;[START_REF] Kilzi | Roches ultramafiques de Gavarnie et de Castillon[END_REF][START_REF] Kilzi | Geochemistry and zircon U-Pb geochronology of the ultramafic and mafic rocks emplaced within the anatectic series of the Variscan Pyrenees: The example of the Gavarnie-Heas dome (France)[END_REF].

(iii) The Precambrian to Cambro-Ordovician metapelites that constitute the surrounding of the Lesponne dome are characterized by a 87 Sr/ 86 Sr ratio of 0.718 and a Nd of -10 and are partially molten. Thus, they are considered as a possible source for the magmas. By contrast, the Silurian to carboniferous series in the Pyrenees were never affected by partial melting.

The diorite of the Lesponne dome has the most mafic and the least radiogenic signature of all the analyzed samples, and can be interpreted either as a primary magma issued from the partial melting of a mafic crust or as a mantle derived magma affected by fractional crystallization and crustal contamination. The isotopic signature of the dioritic sample from the Lesponne dome is similar to that of the gabbroic and dioritic rocks analyzed in the Querigut complex by Roberts et al. (2000; figure 5) and interpreted as mantle derived rocks. This signature requires either an enriched mantle source or that the primary magmas have been contaminated by a crustal component. These hypotheses are not mutually exclusive, and both have already been suggested for late-variscan high-K calc-alkaline magmatism in the Pyrenees [START_REF] Ben Othman | Recycling processes in granite-granodiorite complex genesis: the Querigut case studied by NdSr isotope systematics[END_REF]Roberts et al., 2000),in the French Massif Central [START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF] or in Sardinia (e.g. [START_REF] Gaggero | Post-Variscan mafic dikes from the late orogenic collapse to the Tethyan rift: evidence from Sardinia[END_REF][START_REF] Buzzi | Petrogenesis of post -orogenic Lower Permian andesites in southern Europe: insights into the collapse of the Variscan range[END_REF]Franciosi et al., 2019). It has been demonstrated elsewhere that the partial melting of a lower crust is responsible for the presence of inherited core in zircon grains found in the melt products (e.g. [START_REF] Hansmann | Zircon inheritence in an igneous rock suite of the Soutehrn Adamello batholith (Italien Alps): Implication for petrogenesis[END_REF][START_REF] Smyth | The deep crust beneath island arcs: Inherited zircons reveal a Gondwana continental fragment beneath East Java, Indonesia[END_REF]Paquette et al., 2010). By contrast, the lack of inherited cores in the zircon grains of the Lesponne

A C C E P T E D M A N U S C R I P T
diorite indicates that the source of the diorite was zircon-free and supports the hypothesis of a mantle origin. Thus, we propose that the Lesponne diorite results from the emplacement in the metasedimentary crust of a mantle derived magma that experienced crustal contamination. In the Chiroulet dome, fluid circulation is attested by i) peraluminous granite 15BL168 and diatexite leucosome 15BL164 having a Nb/Ta ration lower than 5 (table 1), which is distinctive of peraluminous granites that underwent sub-solidus hydrothermal alteration [START_REF] Ballouard | Nb-Ta fractionation in peraluminous granites: A marker of the magmatic-hydrothermal transition[END_REF] and ii) abundance of tourmaline in the Devonian metasediments of the southern flank which highlight the occurrence of metasomatism [START_REF] Deer | An Introduction to the Rock-Forming Minerals[END_REF]. It is well known that fluid circulation combined with metamorphism may induce a change in the A/CNK ratio (e.g. Putnis and Austrheim, 2010) and 87 Sr/ 86 Sr (e.g. [START_REF] Dash | Effect of sea water interaction on strontium isotope composition of deep-sea basalts[END_REF].

Consequently, amphibolite sample 15BL166 of the Chiroulet dome is interpreted as an equivalent of the Lesponne diorite despite its higher A/CNK ratio and lower 87 Sr/ 86 Sr values (Figure 5).

The peraluminous rocks from the Lesponne and Chiroulet dome are interpreted as the melting product of the Precambrian to Ordovician metasediments as evidenced by their relationships with the migmatites (figure 3f). This hypothesis is further supported by the presence of inherited cores in some of the zircon crystals yielding apparent ages between 960 and 470 Ma. Nevertheless, the isotopic signatures (0.711 < 87 Sr/ 86 Sr (t) < 0.714 and -12 < Nd (t) < -6) lay between the signature of the Precambrian to Ordovician metasediments ( 87 Sr/ 86 Sr ≈ 0.718,Nd ≈ -10) and that of the Lesponne diorite. This requires either a mixture of sources or a contamination of the mafic magmas by felsic melts, as evidenced by the contact between the two types of magma in the Lesponne area (figure 3a).

The Neouvielle pluton, emplaced in the Devonian to Carboniferous upper crust, has an isotopic signature intermediate between the Lesponne diorite and the Lesponne metasediments, which suggests a mixed mantle-metasedimentary source. The granodioritic composition, the metaluminous signature of the dark facies and the absence of inherited cores in zircon underlines the mantle contribution. The peraluminous signature of the light facies and its enriched isotopic signatures evidence the sediment
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contribution, but it remains unclear if these represent sediment assimilation or magma mixing with the products of partial melting in the deep crust.

Chronology of the HT-LP event

U-Pb dating reveal two distinct groups of Concordia ages with weighted averages of 303 ± 1 Ma and 290

± 3 Ma respectively. The ca. 303 event is recorded in the Neouvielle granodiorite, the Lesponne diorite and the Lesponne-Chiroulet migmatites while the ca. 290 Ma event is recorded in the Lesponne-Chiroulet granites as well as in the Lesponne diorite. The geochronological results show that metamorphic and magmatic activity cover a period of at least 10 My from ca. 303 to 290 Ma. One could interpret these two sets of ages as the result of two magmatic events, with first a crystallization phase of migmatites, granodiorites and diorites at 303 Ma and a minor event at 290 Ma corresponding to the emplacement of leucogranites. However, such an interpretation is in contradiction with some field observations such as i) leucosomes of migmatites and leucogranitic sills in the Lesponne dome share the same petrographic characteristics (figure 3b), ii) the observed progressive transition from migmatites to leucogranites is a feeding contact rather than an intrusive contact, suggesting genetic relationship and synchronous emplacement during deformation and iii) the presence of zircon overgrowths at 290 Ma and a diffuse contact between the Lesponne diorite and granite suggests the coexistence of these two types of magmas (figure 3a). We thus rather suggest a continuous long-lasting magmatic event, extending at least from 303 Ma to 290 Ma. In this scenario, the 303 ± 3 Ma concordant age for diorites is interpreted as its emplacement age within the partially molten middle part of the crust (figure 9a).

Indeed, zircon in the migmatites from both the Chiroulet and the Lesponne domes started to crystallize at that time. shows that the temperature peak during the late Variscan HT-LP metamorphic event is about 700 °C in the Lesponne-Chiroulet domes, which matches the solidus temperature of the dioritic magmas (figure 8b). It is thus suggested that the Lesponne diorite, emplaced at depth, had remained at a temperature close to its solidus temperature from 303 to 290 Ma. New zircon growth in the partially crystallized magma may have been triggered at 290 Ma by either slight reheating followed by cooling due to a thermal pulse or by a change in magma chemistry, possibly due to magma mixing with the granitic melts.

We thus interpret the ca. 290 Ma date recorded in the Lesponne diorite as the crystallization age of the last liquids in the dioritic magma emplaced in the middle part of the crust at ca. 303 Ma (figure 9a andb).

By contrast, the Neouvielle granodiorite emplaced at a shallower depth, in a surrounding characterized by a temperature below the solidus and remained fully crystallized since ca. 303 Ma.

Duration and origin of the late Variscan HT-LP event

The at least 10 My-long HT metamorphic and magmatic activity highlighted by our study in the Chiroulet and Lesponne massifs has been widely documented in the rest of the Axial Zone of the Pyrenees (e.g.
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Denèle et al 2014 and references therein). Similar metamorphic-magmatic event, characterized by partially molten metasediments, tonalite and gabbro-diorite intrusions taking place over a timespan of about 10 My was proposed in the Roc de Frausa massif [START_REF] Aguilar | Late Variscan metamorphic and magmatic evolution in the eastern Pyrenees revealed by U-Pb age zircon dating[END_REF]. In the Lys-Caillaouas massif and Bossost dome, the emplacement of plutons occurred around 300-297 Ma, following earlier crystallization of few zircon grains between 320 and 307 Ma possibly due to the initiation of HT-LP metamorphism (Esteban et al., 2015[START_REF] Lopez-Sanchez | The significance of early Permian and early Carboniferous U-Pb zircon ages in the Bossòst and Lys-Caillaouas granitoids (Pyrenean Axial Zone)[END_REF]. Several studies have evidenced the presence of partially molten crust during periods longer than 10 My in other high temperature terranes [START_REF] Ashwal | Slow cooling of deep crustal granulites and Pb-loss in zircon[END_REF]Vanderhaeghe, 2009;[START_REF] Laurent | Decoding a protracted zircon geochronological record in ultrahigh temperature granulite, and persistence of partial melting in the crust, Rogaland, Norway[END_REF] with multiple stages of zircon crystallization [START_REF] Harley | Syn-convergent hightemperature metamorphism and magmatism in the Variscides : a discussion of potential heat sources[END_REF]. Such widespread thermal event at the Carboniferous-Permian [START_REF] Casini | Evolution of the Corsica-Sardinia Batholith and late-orogenic shearing of the Variscides[END_REF]Cocherie et al., 2015;[START_REF] Gaggero | U-Pb geochronology and geochemistry of late Paleozoic in Sardinia (southern Variscides)[END_REF]Calabria (e.g. Graessner et al., 2000;Fornelli et al., 2011). In the Ivrea zone (Kötzli et al., 2017) as well as in the Pyrenees (Pereira et al, 2014), it is recognized that significant mantle derived magmatism takes place at the end of the high temperature metamorphic episode. Because this thermal event affected the foreland of the belt where no major thickening of the crust is recognized [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF], the thermal maturation of a thickened crust cannot be advocated to explain this late metamorphism and an alternative heat source in needed (St Blanquat et al., 1990). Heat advection by intrusion of mafic magma can locally induce thermal anomalies (e.g. De [START_REF] De Yoreo | Thermal modelling in low-pressure/high-temperature metamorphic belts[END_REF], but is unlikely to induce a global scale heating of the crust leading to anatexis. Moreover, in the absence of recognized water influx that would lower mantle
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solidus, the initiation of partial melting in the mantle itself requires either mantle upwelling or heating, which would correspond in any case to an increase of the thermal mantle flux at the base of the crust.

Geodynamic processes such as thermal erosion or delamination of lithospheric mantle can be advocated here (Denèle et al., 2014[START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. The latter is supposed to have taken place within the hinterland of the belt after 340-330 Ma (Armorican Massif, see [START_REF] Gapais | Extensional tectonics in the Hercynian Armorican belt (France). An overview[END_REF][START_REF] Ballouard | Crustal recycling and juvenile addition during lithospheric wrenching: The Pontivy-Rostrenen magmatic complex, Armorican Massif (France), Variscan belt[END_REF] Iberian Massif, see Martínez-Catalán et al 2014; French Massif Central, see [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].

Southward propagation of magmatism and metamorphism from the hinterland to the foreland of the belt in the French Massif Central until ca. 300 Ma was interpreted as the response to slab rollback leading to the delamination of the lithospheric mantle by [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]. This interpretation is challenged by our geochronological data, that shows that the magmatic activity in the Pyrenees is coeval with that in the south of the Massif Central, despite its southern foreland position. We thus propose that the initiation of metamorphism and bimodal magmatism at ca. 305 Ma in the Axial Zone is the expression of the delamination of the Gondwanan lithospheric mantle at a global scale in the Variscan belt. This interpretation is supported by recent structural study showing that the Pyrenees was an abnormally hot foreland of the Variscan belt, showing deformation patterns typical of hot orogens in a context of missing lithospheric mantle [START_REF] Cochelin | Vertical strain partitioning in hot Variscan crust: Syn-convergence escape of the Pyrenees in the Iberian-Armorican syntax[END_REF]. The continuation of magmatism (e.g. high-K plutonism and volcanism) in an extensional context during Permian times in the Pyrenees (Lago et al., 2004;Denèle et al., 2012, Pereira et al., 2014), Alps (Köztli et al., 2014;Petri et al., 2017;[START_REF] Manzotti | Permian magmatism and metamorphism in the Dent Blanche nappe: constraints from field observations and geochronology[END_REF], Corsica-Sardinia [START_REF] Corsini | Late evolution of the southern European Variscan belt: Exhumation of the lower crust in a context of oblique convergence[END_REF][START_REF] Casini | Evolution of the Corsica-Sardinia Batholith and late-orogenic shearing of the Variscides[END_REF]Cocherie et al., 2015;Rossi et al., 2015;[START_REF] Gaggero | Post-Variscan mafic dikes from the late orogenic collapse to the Tethyan rift: evidence from Sardinia[END_REF]2017) and Iberia [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] Casini | Evolution of the Corsica-Sardinia Batholith and late-orogenic shearing of the Variscides[END_REF] illustrates the persistence of i) the thermal anomaly and ii) an attenuated lithosphere, which may have favor the break-up of Pangea at this period. A/CNK [START_REF] Shand | Eruptive rocks. Their genesis, composition, classification, and their relations to oredeposits[END_REF]. (c) REE patterns normalized to chondrite [START_REF] Boynton | Cosmochemistry of the rare earth elements: meteorite studies[END_REF]. (d) Spider diagram of trace elements normalized to primitive mantle [START_REF] Mcdonough | The composition of the Earth[END_REF]. Red color is used for the intermediate to felsic peraluminous rocks and green for the mafic to intermediate metaluminous rocks.

Conclusion

Brown symbols represent the partially molten country rocks. Black symbols are data from [START_REF] Debon | Magmatisme hercynien[END_REF]. Grey diamonds in plot (b) and grey field in plot (c) represent points for a compilation of data
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  S C R I P Tthe crust (figure9a) for both the Lesponne and the Chiroulet domes. At the same time, the Neouvielle granodioritic pluton crystallized in the upper crust at ca. 303 Ma (figure9a; 305 ± 2 Ma and 302 ± 2 Ma for the light and dark facies respectively). In agreement with structural and petrographic observations, we propose that the deep and middle parts of the crust remained hot and partially molten within the gneiss domes for about at least 10 My from ca. 303 Ma to 290 Ma (figure9b). Crustal anatexis at 290 Ma is attested by the two well defined groups of concordant ages in the Lesponne porphyritic granite (290 ± 1 Ma) and in the Chiroulet leucogranite (290 ± 3 Ma) that are interpreted as products of the partial melting of the host metasediments. The depleted REE pattern of the Chiroulet leucogranite suggests that it results from multi-stage melt extraction between the onset of the partial melting at ca. 303 Ma and its emplacement at ca. 290 Ma (figure9b). Dioritic magmatism ended at the same time, as recorded by the youngest concordant age of the Lesponne diorite (292 ± 2 Ma). Phase equilibria modelling (figure8a)

  transition is consequently not restricted to the Pyrenean crust of the axial zone. High temperature -low pressure metamorphism and associated plutonism also affected the entire southern realm of the Variscan belt(Pin and Vielzeuf, 1983), in the North Pyrenean Massifs(Delaperriere et al., 1994; Olivier et al., 2008;[START_REF] Guille | Evolution of the middle crust of the Pyrenees during the Paleozoic: new data on the plutonic rocks from the North Pyrenean Agly Massif[END_REF], the Montagne Noire[START_REF] Ballouard | Crustal recycling and juvenile addition during lithospheric wrenching: The Pontivy-Rostrenen magmatic complex, Armorican Massif (France), Variscan belt[END_REF], the French Massif Central (e.g.[START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF], the Iberian Massif[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], the Alps (e.g.[START_REF] Schuster | Permian metamorphic event in the Alps[END_REF][START_REF] Klötzli | Duration of igneous activity in the Sesia Magmatic System and implications for high-temperature metamorphism in the Ivrea-Verbano deep crust[END_REF] Petri et al., 2017), Sardinia-Corsica-Maures block (e.g.[START_REF] Corsini | Late evolution of the southern European Variscan belt: Exhumation of the lower crust in a context of oblique convergence[END_REF] 

  Our results provide new petrological and U-Pb chronological constraints on the late Variscan high-K calcalkaline magmatism and HT-LP metamorphism in the Chiroulet-Lesponne-Neouvieille zone in the western Axial Zone of the Pyrenees. Two magma sources have been recognized, a mantle source that produced metaluminous magmas best exemplified by the Lesponne diorite and a metasedimentary source that produced peraluminous magmas like the Chiroulet and Lesponne granite and evidenced by the presence of migmatites.Magmatism took place over a period of about 10-15 My, with two peaks at 303 Ma and 290 Ma, recorded in both magma types. It is therefore shown that there is no time delay between mantle magmas intrusion and the beginning of partial melting in the crust. The coexistence of the two magma types induced magma mixing attested by field observations and intermediate chemical and isotopic signatures.While the magmas crystallized at ca. 303 Ma in the upper crust, forming the Neouvielle pluton, the middle crust remained partially molten with occurrences of both mantle and crustal magmas persisting for about 10 My. At ca. 290 Ma, the middle crust cooled down inducing the final crystallization of the magmas emplaced in gneiss domes.The abundance of high K calc-alkaline magmas associated with crustal partial melting and the presence of HT-LP metamorphism are in favor of a geodynamic context 1) without crustal thickening 2) during a late orogenic phase. Consequently, the late Variscan HT-LP event necessitates a mantle source and cannot be explained by thermal maturation of a thickened crust. This also significates that the late Variscan event lasted at least about 10-15 My until the beginning of the Permian time. We propose that the initiation of metamorphism and bimodal magmatism at ca. 305 Ma in the Pyrenees is the expression of the delamination of the Gondwanan lithospheric mantle at a global scale in the Variscan belt.
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  In detail, in the Lesponne, 11 overgrowths of zircon grains yield a concordant age at 302 ± 3 Ma. In the Chiroulet diatexite, zircon analyses yield a minimum age of 297 ± 6 Ma. Within uncertainty,
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Table 1 :

 1 Chemical and isotopic analyses of the samples

	Location	Neouvielle		Lesponne			Chiroulet	
		granodior	granodior			metatexit	micaschis	amphibol			paragneis
	Rock type	ite	ite	diorite granite	e	t	ite	granite diatexite	s
	Sample	15MSB2	15MSB2								
	name	0	2	15BL179 15BL177 15BL176 15BL180 15BL166 15BL168 15BL164 15BL169
	Longitude	42.8443	42.8249	42.9839	42.9751	42.9751	42.9768	42.9363	42.9388	42.9448	42.9469
	(°)	4	7	0	1	8	0	4	2	8	6
	Latitude (°) 0.16007 0.16706 0.14103 0.18059 0.18054 0.15370 0.12176 0.11877 0.14465 0.10938
	SiO 2 / wt%	70.8	61.55 52.52 68.47 65.81 72.55 53.71 73.72 73.88 69.66
	Al 2 O 3	15	15.97 17.89 15.24 18.41 14.34 17.71 14.55	14.6	13.12
	Fe 2 O 3 tot	2.3	5.75	7.6	3.98	6.61	3.57	9.02	1.08	0.89	5.76
	MnO	0.05	0.1	0.15	0.05			0.26	0.03	0.09	
	MgO	0.73	3.35	5.52	1.02	2.1	0.96	4.88	0.21	0.05	2.04
	CaO	2.25	5.58	7.47	2.11	0.36	1.35	5.93	0.66	0.4	1.7
	Na 2 O	3.15	2.26	2.81	2.96	0.53	0.47	1.19	3.48	4.16	2.73
	K 2 O	3.97	2.59	2.29	3.49	3.71	3.71	3.36	4.81	4.73	2.23
	TiO 2	0.27	0.68	1	0.61			0.82	0.08	/	

Table 2 :

 2 LA-ICPMS data for zircons. % Conc = percentage of concordance calculated as 100 × ( 206 Pb/ 238 UAge) / ( 207 Pb/ 235 UAge).
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