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The Mo-Cu-W Azegour skarn, located in the High-Atlas in Morocco, is associated with a Late Hercynian alkaline granitic intrusion. Here the origin of the mineralisation via Re-Os geochronology and using Mo, S and Pb isotopes is discussed. The age of mineralization defined by Re-Os molybdenite geochronology is 276 ± 1.2 Ma for the Azegour mine, and 267 ± 1.2 for the Tizgui deposit suggesting for multiple mineralization events associated with the Hercynian alkaline granitic intrusion. The δ 98 Mo NIST of molybdenite range from -0.60 ‰ to 0.42 ‰ (n=26) for the Azegour mine and from 0.08 ‰ to 0.40 ‰ (n=2) for the Tizgui mine. Variations of the δ 98 Mo NIST occur either at the deposit scale with a difference of about 0.72 ‰, and at the sample scale (few cm), which exhibits a difference of up to 0.40 ‰. A multi-phased mineralization is proposed as the main processes explaining the variation in the δ 98 Mo NIST values although the influence of a Rayleigh fractionation process cannot be precluded. The high δ 34 S values determined from molybdenite, pyrrhotite, and chalcopyrite (8 to 14.7 ‰) suggest a sedimentary origin for sulphur from the Cambrian sedimentary country rocks. Whereas, the initial 206 Pb/ 204 Pb compositions of common lead (18.08 to 18.30) for

Introduction

Skarns are among the most common types of deposit in the world and have been widely studied. They form large deposits of tungsten, lead-zinc, copper and gold, and also yield tin in the form of cassiterite, and very seldomly, molybdenum.

The present study focuses on the Azegour Mo-skarn in Morocco. Located in the High-Atlas, the Azegour site (Fig. 1) is a Mo-W-Cu skarn with production from three historic mines: main Azegour, by far the main one, Tizgui and Entifa. This skarn was exploited from 1932 to 1959 supplying 1300 t of MoS 2 . The Mo content is estimated around 8000 t (Permingeat, 1957). A re-opening of the mine is possible. Molybdenite is not the only economically important mineral in the Azegour skarn, scheelite and chalcopyrite were reported at economic grades (Permingeat, 1957). The existence of Mo mineralization and deposits in this area occurs over more than 3.5 km (Fig. 2).

Figure 1: Location of the Azegour skarn in North part of Moroccan High-Atlas

Molybdenum (Mo) isotopes are commonly used to investigate (paleo-)redox conditions, Mo input into the oceans from weathering, and more recently, as with other transition-meta isotopesl, for studying trace-metal pollution [START_REF] Archer | The isotopic signature of the global riverine molybdenum flux and anoxia in the ancient oceans[END_REF]. In the frame of mineral resources, only few studies have been performed regarding Mo isotopes in molybdenite. These studies have principally focused on molybdenite in pegmatite veins [START_REF] Greber | Mo isotope composition in Mo-rich high-and low-T hydrothermal systems from the Swiss Alps[END_REF], and porphyry systems [START_REF] Greber | Magmatic-hydrothermal molybdenum isotope fractionation and its relevance to the igneous crustal signature[END_REF][START_REF] Shafiei | Mo isotope fractionation during hydrothermal evolution of porphyry Cu systems[END_REF] and on
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3 other molybdenite-bearing ore deposits [START_REF] Hannah | Molybdenum isotope variations in molybdenite: Vapor transport and Rayleigh fractionation of Mo[END_REF][START_REF] Mathur | Variation of Mo isotopes from molybdenite in high-temperature hydrothermal ore deposits[END_REF][START_REF] Breillat | A new global database of δ 98 Mo in molybdenites: A literature review and new data[END_REF]. These studies suggest that the influence of the crystallisation temperature, stage of crystallisation, Rayleigh processes and crystal structure (2H or 3R polytypes) are factors that control the Mo isotopic composition.

Here we utilize Mo, together with Pb and S isotope data of sulphides and gangue minerals and Re-Os molybdenite geochronology to provide an improved understanding of the genesis of the Mo mineralisation of the Azegour skarn deposit system.

Geological context

The molybdenum-copper Azegour skarn in Morocco is located 60 km south of Marrakech in the northern boundary of High Atlas Mountains (Fig. 1) (coordinates: 31°09'16" N, 8°18'19" W). Numerous studies have discussed the geology of the Azegour skarn over the past 80 years (e.g., [START_REF] Moret | Recherches géologiques dans l'Atlas de Marrakech[END_REF][START_REF] Heim | The molybdenum mine at Azegour, Morocco[END_REF]Permingeat, 1957;[START_REF] El Amrani | Contribution à l'étude pétrologique, minéralogique, métallogénique et de pétrologie structurale des formations de la région d'Azegour (Haut-Atlas occidental, Maroc)[END_REF][START_REF] Berrada | Mineralogical and geochemical features of the wollastonite deposit of Azegour, Haut-Atlas (Morocco)[END_REF], 2015). The skarn formed as the result of the intrusion of a Permian granite into a series of volcano-sedimentary units (Fig. 2 and3) dated Cambrian by the presence of Archoeocyathydes [START_REF] Neltner | Assessment of the 187 Re decay constant by cross calibration of Re-Os molybdenite and U-Pb zircon chronometers in magmatic ore systems[END_REF].

Figure 2: Geological map of the Azegour region. Figure 2 is fully contained in the red triangle on figure 1

The volcano-sedimentary series are composed of grey to black shales, a volcanic unit (with dominant andesitic flows and dacitic pyroclastic rocks), marbles, recrystallized limestone and dolostone. A Late Hercynian alkaline granitic intrusion [START_REF] Lagarde | Granites tardi-carbonifères et déformation crustale. L'exemple de la Meseta marocaine[END_REF][START_REF] Mrini | Chronologie Rb-Sr des granitoïdes hercyniens du Maroc : conséquences[END_REF], named the Azegour granite, outcrops for 7 km along a NW-SE direction with a 1 km width.

The skarn is developed within the Palaeozoic volcano-sedimentary units (Fig. 2).
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Figure 3: Granite and skarn contact in Azegour

The Azegour granite is hyperaluminous [START_REF] Lagarde | Granites tardi-carbonifères et déformation crustale. L'exemple de la Meseta marocaine[END_REF][START_REF] Ait Ayad | Le Granite d'Azegour (Maroc) : cartographie géochimique et interprétation géodynamique[END_REF] and is mainly composed of quartz, feldspar (orthoclase and plagioclase), and minor biotite. The granite crystallisation is dated at 269 ± 11 Ma [START_REF] Charlot | Rapport technique et quelques résultats[END_REF] and 271 ± 3 Ma [START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF] by the Rb-Sr method. The Sr and Nd initial ratios (I Sr = 0.7051; ε Nd(T) = -1; T = 270 Ma) obtained on the Azegour granite suggest a composite origin (crust-mantle) with a strong mantle component [START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF][START_REF] Mrini | Chronologie Rb-Sr des granitoïdes hercyniens du Maroc : conséquences[END_REF]. Metasomatized carbonate layers constituting the skarn are several meters thick, and are mainly composed of massive garnetite and/or wollastonite-rich rock, with rare pyroxenite. Garnets belong to three different types: a green-black garnet is very common, forming crystals up to 8 cm, and composed of andradite with locally a core of Al-rich andradite (up to 5 % Al 2 O 3 ); a very common brown-black garnet forms thick layers associated with quartz and commonly reveals a core of pure andradite surrounded by a Al-rich andradite (up to 10 % Al 2 O 3 ), close to a grossular type, and an orange garnet (Toulkine village zone) that is compose of only grossular garnet. The abundance of spessartine is always low (4 % maximum). Wollastonite is slighly manganiferous, whereas vesuvianite is F-and Cl-rich (up to 3.3 % and 1.2 %, respectively).

The mineralogical assemblage suggests the formation of the prograde stage of the skarn occurred at around 620 -650 °C, under a pressure of 1.7 -2 kbar, and a fCO 2 of 31 mole %, in a reducing environment (fO 2 of 10 -18 to 10 -16 atm.), preceding a retrograde stage. Sulphides formed during the retrograde stage (< 450 °C) [START_REF] Berrada Hmima | Le skarn Mo-W-Cu à grenat, wollastonite, pyroxène et vésuvianite d'Azegour (Haut-Atlas, Maroc)[END_REF]. The garnetites are the main Mo-bearing rocks in the form of large (up to 3 cm) molybdenite crystals (Fig. 4). Similar to molybdenite, scheelite occurs only in garnetite, whereas chalcopyrite and pyrrhotite (Fig. 5) are mainly associated with pyroxenite. The skarn is widely overlain by Cretaceous formations. 

Photograph in reflected light

Methodology

Molybdenum isotopic composition

The analyses of molybdenum isotopic composition have been performed at BRGM (France) on 29 samples of molybdenite. The procedure for analysing the Mo isotopic composition in molybdenite has been described in detail in [START_REF] Breillat | A new global database of δ 98 Mo in molybdenites: A literature review and new data[END_REF]. As Mo is the major cation in molybdenite (59.94 %), no chemical purification prior to analysis was undertaken (Anbar et al., 2001;[START_REF] Barling | Natural mass-dependent variations in the isotopic composition of molybdenum[END_REF][START_REF] Malinovsky | Variations in the isotopic composition of molybdenum in freshwater lake systems[END_REF][START_REF] Mathur | Variation of Mo isotopes from molybdenite in high-temperature hydrothermal ore deposits[END_REF]. [START_REF] Mathur | Variation of Mo isotopes from molybdenite in high-temperature hydrothermal ore deposits[END_REF] evaluated possible matrix effects induced by the lack of chemical purification for molybdenite by analysing the same sample with or without purification and both results were in agreement. Around 100 mg of molybdenite (single grain for large crystals, multiple grains for disseminated molybdenite) was handpicked and then finely crushed in order to homogenize the sample. Around 10 mg of molybdenite powder were dissolved in 4 ml of aqua regia (1 ml of HNO 3 7N and 3 ml of HCl 8N) at 100 °C in PTFE beakers until complete dissolution. The solutions were dried and the residues were dissolved in 10 ml of HNO 3 3 % (v/v). From this concentrated solution, a final solution was prepared in HNO 3 3 % in order to get a final Mo concentration of 1 µg.ml -1 (allowing a signal of around 2.5 V on mass 95 Mo).

Zirconium was added to this solution to yield a concentration of 0.5 µg.ml -1 (allowing a signal of around 4 V on mass 90 Zr). The Mo blank level for the whole procedure is less than 0.05 % and thus negligible as compared to the sample concentration. The Mo-isotopic composition analyses were performed using an MC-ICP-MS Neptune (Thermo-Finnigan). Zirconium (Zr) and ruthenium (Ru) produce several isobaric interferences on 92, 94, 96 and 96, 98, 100 masses, and only 95 Mo and 97 Mo are free of interference. Such interference is easily corrected with the following cup configuration: 90 Zr-L3, 91 Zr-L2, 92 Mo-92 Zr-L1, 94 Mo-94 Zr-Ax, 95 Mo-H1, 97 Mo-H2, 98 Mo-98 Ru-H3, 99 Ru-H4. In our samples and standards, ruthenium has never been detected. The Mo-isotope measurements were run within sequences composed of blank, standard and sample analyses. After the sample and standard analyses, two minute washes (HNO 3 3 %) are done to get the low background values (less than 5 mV). The reported data represent the mean value of a minimum of 5 runs of 20 measurements. Mass bias was corrected by 90 Zr /91 Zr external spiking (Zirconium ICP standard CertiPUR Merck) at 0.5 µg.ml -1 [START_REF] Anbar | Precise determination of mass-dependent variations in the isotopic composition of molybdenum using MC-ICP-MS[END_REF] and standard-sample-standard bracketing. The external long-term reproducibility obtained during the course of this study was 0.08 ‰ (2σ, n = 137) for an ICP standard solution (Techlab n°B3015042). In order to test the reproducibility of our procedure on the same matrix, a Re-Os molybdenite standard (Henderson Molybdenite Reference Material 8599 [RM8599], [START_REF] Markey | Standardizing Re-Os geochronology: A new molybdenite reference material (Henderson, USA) and the stoichiometry of Os salts[END_REF] has been repeatedly analysed as a secondary standard. All data are reported as classic δ 98 Mo NIST units relative to a standard solution, in this case NIST SRM 3134 (lot # 891307), according to the following formula (Eq. 1):

δ 98 Mo NIST = ቂ ሺ వఴ ୭ వఱ ୭ ⁄ ሻ௦ ሺ వఴ ୭ వఱ ୭ ⁄ ሻ௦௧ௗௗ -1ቃ * 1000 (Eq. 1)
The NIST SRM 3134 solution (lot#891307) has been proposed as a reference for reporting Mo-isotopic compositions [START_REF] Wen | Isotopic delta values of molybdenum standard reference and prepared solutions measured by MC-ICP-MS: Proposition for delta zero and secondary references[END_REF][START_REF] Greber | δ 98/95 Mo values and molybdenum concentration data for NIST SRM 610, 612 and 3134: Towards a common protocol for reporting Mo data[END_REF][START_REF] Goldberg | Resolution of inter-laboratory discrepancies in Mo isotope data: an intercalibration[END_REF].

Following [START_REF] Goldberg | Resolution of inter-laboratory discrepancies in Mo isotope data: an intercalibration[END_REF], the δ 98 Mo NIST of NIST SRM 3134 is defined as 0 ‰ and data are reported according to this value. The reference material 8599 yielded a δ 98 Mo NIST of - (2σ, n = 85;[START_REF] Breillat | A new global database of δ 98 Mo in molybdenites: A literature review and new data[END_REF]. Variation between samples is expressed as ∆ 98 Mo which corresponds to the difference between the maximum and the minimum values of δ 98 Mo NIST .
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Sulphur isotopic composition

The sulphur isotopic compositions were measured in BRGM (France) for molybdenite, chalcopyrite and pyrrhotite samples from the Azegour skarn. Molybdenite flakes were handpicked, and then crushed in agate bowl. Chalcopyrite and pyrrhotite were collected using a Dremel™ drill. Around 100 to 150 µg of the obtained powder with pentoxide of vanadium as catalyser were placed into a tin capsule. Analyses were performed on Elementary Analyser IRMS Delta V Plus (Thermo Finnigan). Sulphides were converted to SO 2 with a flash combustion at 1 000 °C and analysed after chromatographic separation. At least two replicates were performed. All data are reported as classic δ 34 S vCDT units relative to vCDT standard according to the following formula (Eq. 2):

δ 34 S vCDT = [ ሺ యర ୗ యమ ୗሻ ⁄ ௦ ሺ యర ୗ/ యమ ୗሻ௦௧ௗௗ
-1] * 1000 (Eq. 2)

Lead isotopic composition

Lead isotopic compositions of molybdenite, chalcopyrite, pyrrhotite samples from the Azegour skarn and K-feldspar from the Azegour granite have been measured in BRGM (France) according to techniques adapted from [START_REF] Marcoux | Isotopes du plomb et paragenèses métalliques, traceurs de l'histoire des gîtes minéraux. Illustration des concepts de source, d'héritage et de régionalisme dans les gîtes français[END_REF] and Pomiès et al. (1998).

After cleaning, sulphides (50 to 100 mg) are dissolved with a mixture of HNO 3 7N -HCl 6N and a drop of concentrated HBr in a Teflon container. Feldspars (200 mg) were dissolved in a closed container by using a HF-HNO 3 -HClO 4 mixture at 120 °C for one week. After evaporation, the residue was dissolved by using HCl 6N, and heat again at 120 °C for one
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After complete dissolution (sulphides and feldspars), the solutions were dried and then dissolved with 3-4 ml of HBr 1N. The Pb was separated on quartz columns filled with 1 ml AG1X8 ion exchange resin by using HBr and HCl acids. The lead fraction is then purified on a small 0.1 ml column by using HCl. After evaporation the residue was then recollected with HNO 3 and dried again. Blanks for the overall procedure are lower than 100 pg and are negligible relative to the amount of sample analyzed. Measurements of the lead ratios ( 206 Pb/ 204 Pb, 207 Pb/ 204 Pb and 208 Pb/ 204 Pb) were obtained on static mode on a multicollector MAT262 Thermal Ionisation Mass Spectrometer. Samples and standards were loaded on a zone-refined Re filament previously outgassed. Silica gel was used as an emission stabilizer.

About 150 ng of lead were loaded with H 3 PO 4 onto each filament. The Pb isotopic ratios were corrected for a mass bias of 0.14 % per amu (atomic mass unit) determined by repeated measurements of the NBS982 standard. Individual error on all ratios is commonly better than 0.01% (2σ m ), whereas external reproducibility (2σ) is 0.06 % for the 206 Pb/ 204 Pb, 0.09 % for the 207 Pb/ 204 Pb and 0.12 % for the 208 Pb/ 204 Pb.

For chalcopyrite, pyrrhotite, molybdenite and K-feldspar, Pb, U and Th contents of the sample were used for correcting the measured Pb isotope ratios for the addition of radiogenic Pb, assuming a mean age of 270 ± 10 Ma. These corrections are insignificant for most of the samples due to very low U/Pb and Th/Pb values, except for AZT1a pyrrhotite ( 238 U/ 204 Pb = 15.7). However, the corrected ratios for this sample are in the range of the other sulphides. For molybdenite (Mo4, Mo7, Mo8; 238 U/ 204 Pb = 0.1, 5.9 and 11.4 respectively) corrected values remain more radiogenic than the other sulphides.

Re-Os isotopic composition
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The Re-Os analyses were performed on 3 samples of molybdenites. Samples were prepared in BRGM (Orléans, France), with the chemical and mass spectrometry protocols performed at Durham University (UK) in the Laboratory for sulphide and source rock geochronology and geochemistry and the Arthur Holmes Laboratory, members of the Durham Geochemistry Centre. Molybdenite separates of the 125 -250 µm fraction were obtained by traditional methods (crushing, heavy liquids, magnetic separator and handpicking under a microscope to remove impurities).

The procedure for the Re-Os analyses is described in detail in Selby and Creaser (2001a, b).

The Carius tube method [START_REF] Shirey | Carius tube digestion for low-blank rhenium-osmium analysis[END_REF] was used for dissolution of the molybdenite and equilibration with the tracer solution ( 185 Re + normal Os). Osmium was separated and purified by CHCl 3 solvent extraction and micro-distillation. The rhenium was separated and purified using NaOH-acetone solvent extraction and anion chromatography.

The purified Re and Os fractions were loaded onto Ni and Pt wire filaments, respectively, and analysed for their isotope composition by negative thermal ionisation mass spectrometry (NTIMS) of a Triton Scientific mass spectrometer. Molybdenites have naturally high Re content and no initial Os [START_REF] Morgan | Rhenium and non-radiogenic osmium in Australian molybdenites and other sulphide minerals by neutron activation analysis[END_REF][START_REF] Markey | Highly precise Re-Os dating for molybdenite using alkaline fusion and NTIMS[END_REF], all the 187 Os is derived from the decay of 187 Re [START_REF] Faure | Principles of isotope geology[END_REF]. Model Re-Os ages were calculated using the equation ln( 187 Os/ 187 Re + 1)/λ, using the decay constant (λ) of 1.666e -11 a -1 [START_REF] Smoliar | Re-Os ages of group IIA, IIIA, IVA, and IVB iron meteorites[END_REF].

Uncertainties include all sources of analytical uncertainty (Re and Os mass spectrometer measurements, blank abundances and isotopic compositions (Re = 3.2 ppt; Os = 0.3 ppt;

187 Os/ 188 Os = 0.223 ± 0.03, n=1), spike calibrations and reproducibility of standard Re and Os isotopic values), and with and without the uncertainty in the decay constant (0.35 %; [START_REF] Smoliar | Re-Os ages of group IIA, IIIA, IVA, and IVB iron meteorites[END_REF]Selby et al., 2007). 

Re-Os

The results of Re-Os analyses on molybdenites are given in Table 1. The Re and 187 Os concentration for Tizgui MoS 2 are respectively 14.00 ± 0.05 ppm and 39.35 ± 0.13 ppb. The Re concentration for the two Azegour MoS 2 is 7.00 ± 0.03 ppm and 2.87 ± 0.01 ppb and the 187 Os concentration is 20.31 ± 0.07 ppb and 8.33 ± 0.02 ppb.

Table 1: Re-Os data and model dates for molybdenites analyzed in this study.

The Re-Os model age for the Tizgui mine sample is 267.79 ± 1.45 Ma, whereas the Re-Os ages for the Azegour mine are almost 10 Ma older (276.56 ± 1.51 Ma and 276.84 ± 1.49 Ma; Table 1).

Molybdenum

The molybdenite from Azegour skarn display δ 98 Mo NIST values that range between -0.60 ‰ and +0.42 ‰ (Fig. 6 and Table 2) resulting in a variation of ∆ 98 Mo= 1.02 ‰. Such a variation at the scale of a deposit is coherent with the variations for other occurrences or deposits shown by previous studies. For example, [START_REF] Mathur | Variation of Mo isotopes from molybdenite in high-temperature hydrothermal ore deposits[END_REF] 2). The variation within individual samples from -0.17±0.11 ‰ to 0.42±0.13 ‰ (Mo076, Table 2), giving a ∆ 98 Mo of around 0.59 ‰, is similar to the whole variation measured in the Tizgui mine and not significantly different to variations measured in this study. [START_REF] Greber | Mo isotope composition in Mo-rich high-and low-T hydrothermal systems from the Swiss Alps[END_REF] and [START_REF] Shafiei | Mo isotope fractionation during hydrothermal evolution of porphyry Cu systems[END_REF] found evidence of multi-modality in the distribution of the δ 98 Mo NIST in molybdenites. On the contrary, in the Azegour skarn, the distribution of the data follows a Gaussian (normal) distribution, but nonetheless there is no clear evidence of multi-modality in the distribution of the δ 98 Mo NIST in the molybdenites as illustrated in the Figure 6. Given that the multi-modality is typically interpreted as representing different phases of crystallisation, the Gaussian (normal) distribution may 

Sulphur

The molybdenites from the Azegour skarn have δ 34 S vCDT values ranging between 12.4 and 14.7 ‰ and the molybdenite samples collected in the Tizgui mine exhibit nominally lower values (12.4 ‰, n=2) than those of the Azegour mine (12.7-14.7 ‰, n=27) (Table 3 and Fig. 7).

The δ 34 S vCDT values of chalcopyrite range between 10.5 and 12.5 ‰ (n=5). The δ 34 S vCDT for the pyrrhotites from Tizgui mine are 8.0 and 8.3 ‰ (n=2), with the pyrrhotites from Azegour mine possessing values of 12.2 and 14.2 ‰. [START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF], with the [START_REF] Stacey | Approximation of Terrestrial Lead Isotope Evolution by a 2-Stage Model[END_REF] 

Figure 7: Histogram of δ 34 S vCDT isotopic composition of molybdenite, chalcopyrite and pyrrhotite samples Table 3: Sulphur isotope data of molybdenites, chalcopyrites and pyrrhotites analyzed in this study.

Lead
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growth curve (SK) and

Doe-Zartman (1979) orogen curve. The measured ratios have been corrected for the addition of radiogenic Pb, assuming an age of 270 Ma. Molybdenite corrected ratios are too radiogenic and do not appear on this figure. Lead isotopic composition of neighbouring ore deposits are mentioned for comparison: galena from Amensif ore deposit (Ilmen et al., 2014) and from Draa Sfar and Hajar huge VMS (Marcoux et al., 2008). Table 4: Lead isotope data of molybdenite, chalcopyrite, pyrrhotite and K-feldspar analyzed in this study. Measured values have been corrected to an age of 270 Ma.

Discussion

Re-Os dating of the molybdenites

The results are consistent with the age of the granite crystallisation dated at 269 ± 11 Ma (Rb-Sr, [START_REF] Charlot | Rapport technique et quelques résultats[END_REF] and 271 ± 3 Ma (Rb-Sr, [START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF]. Therefore, we conclude that the Mo mineralisation is contemporaneous with crystallisation of the Azegour granite.

However, a difference of a few million years can be observed between the molybdenite sample from Tizgui (youngest) and samples from Azegour (oldest). Molybdenite records the timing of mineralisation and by inference the age of the associated granite suggesting in this
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14 case a multi-phased granitic intrusion. Such a magmatic-hydrothermal multi-phased history is very common in porphyry and related-skarn ore deposits [START_REF] Sillitoe | Porphyry copper systems[END_REF] as well as in major skarn deposits like Los Santos, Spain [START_REF] Timon-Sanchez | Mineralogical and physiochemical evolution of the Los Santos scheelite skarn, Salamanca, NW Spain[END_REF] and Salau, France (Poitrenaud et al., in press) where two successive intrusions emplaced at 269 ± 6 and 280 ± 6 Ma (K/Ar dates), and 289.1 ± 1.9 Ma and 295 ± 2 Ma (LA-ICP-MS-U-Pb dates) respectively. At Azegour we assume that the intrusion could also be multiple phased but of similar lithology or, more likely, the presence of a younger intrusion at depth that gave way to the Tizgui mineralization.

Possible causes of Molybdenum isotopic composition variations

Four processes are described in the literature to explain these variations at deposit scale and even at sample scale. First, [START_REF] Klemm | Fluid and source magma evolution of the Questa porphyry Mo deposit, New Mexico, USA[END_REF] suggested that the fractionation of the Mo isotopes is due to the different stages of mineralisation, a progressive enrichment in heavy Mo isotopes in the residual melt of subvolcanic magma chamber being the cause of the variation in the Mo isotopes. The second process was described by [START_REF] Greber | Magmatic-hydrothermal molybdenum isotope fractionation and its relevance to the igneous crustal signature[END_REF], which argued for a fractionation of the Mo isotopes at the magmatic-hydrothermal transition. A third process was first described by [START_REF] Hannah | Molybdenum isotope variations in molybdenite: Vapor transport and Rayleigh fractionation of Mo[END_REF] and later by [START_REF] Klemm | Fluid and source magma evolution of the Questa porphyry Mo deposit, New Mexico, USA[END_REF], who suggested that fractionation that occurs during the same stage of mineralisation, but also within an individual hand specimen, is due to a Rayleigh fractionation of a hydrothermal fluid and a fractionation due to fluid phase separation (brine and vapour). We recall that Rayleigh fractionation describes the evolution of a multi-phased system, an hydrothermal system in this study, in which one phase is continuously removed from the system through fractional distillation. This fractional distillation is one of the most common cause of isotopic fractionation. Finally the last process was evoked by Shafiei et al.
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15 (2015). They suggested that the fractionation of the Mo isotopes could be controlled by the molybdenite structures (2H or 3R polytypes). When considering the whole variation of the Mo isotopes observed in our data set, the variation within individual hand samples, the lack of evidence of different values between the two sampling sites in Azegour and the two different facies, we argue that the principal process of Mo fractionation in the Azegour skarn is the succession of two phases of crystallisation evidenced by Re-Os molybdenite ages, without precluding a probable influence of Rayleigh fractionation in the hydrothermal fluid.

Source of ore-forming fluids: Sulphur isotopic composition

The high values observed mostly within molybdenite for the Azegour skarn require a contribution from a 34 S-enriched sulphur source. Magmatic sulphides in uncontaminated felsic magmas generally have a signature value of 0 ± 3 ‰ (Ohmoto, 1972;Hoef, 1997), in agreement with [START_REF] Liu | Fluid inclusions and H-O-S-Pb isotope systematics of the Chalukou giant porphyry Mo deposit, Heilongjiang Province, China[END_REF] that suggested that δ 34 S of between 2 and 4 ‰ indicate a magmatic sulphur source. Values for Cu-porphyry deposits are mostly between -5 ‰ and +5 ‰, with carbonate-hosted Pb-Zn ore deposits values from -20 ‰ and +20 ‰. Most skarns have δ 34 S values between -5 ‰ and +5 ‰ (e.g. [START_REF] Ault | Sulfur and lead isotope study of the EL Mochito Zn-Pb-Ag deposit[END_REF]) indicating a magmatic source for sulphur.

The high δ 34 S values measured in Azegour fall outside the field values indicating a predominantly magmatic origin of sulphur in skarn deposits. The Azegour skarn is not the only skarn with high values of δ 34 S. [START_REF] Ishihara | Source diversity of ore sulfur from Mesozoic-Cenozoic mineral deposits in the Korean Peninsula region[END_REF][START_REF] Ishihara | Possible carbonate origin of ore sulfur from Geumseong Mo deposit, South Koera[END_REF] observed a range from 11.1 ‰ to 14.8 ‰ for Geumseong molybdenum skarn deposits (Korea) and suggest that extraction and migration of sulphur of the host carbonates into the skarn mineralization. Rose et al. (1985) reported values from 6.3 to 19.9 ‰ for the Cornwall skarn (Pennsylvania, USA). These high values of δ 34 S are well explained by a sedimentary source of sulphur and, in
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16 some cases, a marine sedimentary source or evaporites with high δ 34 S of sulphur cannot be precluded (e.g., [START_REF] Faure | Mineralogical and stable isotope studies of gold-arsenic mineralisation in the Sams Creek peralkaline porphyritic granite, South Island, New Zealand[END_REF]. The Azegour skarn occurs in carbonate series with black shales from the lower Cambrian [START_REF] Neltner | Assessment of the 187 Re decay constant by cross calibration of Re-Os molybdenite and U-Pb zircon chronometers in magmatic ore systems[END_REF], which usually possess a δ 34 S > 20 ‰ [START_REF] Jébrak | Geology of Mineral Resources[END_REF], and are thus likely the dominant source of sulphur for the skarn, but, given to the δ 34 S values, a complementary source of sulphur, probably magmatic, is also required.

Source of ore-forming fluids: Lead isotopic composition

These high values indicate the influence of a more radiogenic component in their genesis.

Uranium is very scarce and disseminated as tiny uraninite crystals, but Permingeat (1957) noted that, at the mine scale, uranium is preferentially associated with molybdenite but none uraninite inclusion has been observed in molybdenite. However, as initial lead isotopic compositions calculated for molybdenite are still more radiogenic than for other sulphides, explanations could be that Pb from molybdenite is sources in the more radiogenic host rocks, while Pb from other sulphides is sourced in the magmatic intrusion, what is supported by sulphur isotopic results. [START_REF] Ilmen | Mineralogical and geochemical characteristics of the Amensif Cu, Pb, Zn, (Ag, Au) ore deposit, Western High Atlas, Morocco[END_REF] have performed Pb isotopic analyses on a galena from the Amensif deposit, which is located 5 km in the south of Azegour skarn and is spatially associated with the Azegour granite. The 206 Pb/ 204 Pb isotopic values of galena (18.05, Fig. 8), close to initial isotopic values measured on Azegour sulphides, suggest that the Pb was sourced from the Lower Paleozoic volcano-sedimentary units [START_REF] Ilmen | Mineralogical and geochemical characteristics of the Amensif Cu, Pb, Zn, (Ag, Au) ore deposit, Western High Atlas, Morocco[END_REF].

Our data (molybdenite not included) define a narrower range with a mean 206 Pb/ 204 Pb value at 18.18 ± 0.07 (σ). The initial 206 Pb/ 204 Pb value of the skarn is around 18.08 -18.30. Feldspar sample from the Azegour granite having a 206 Pb/ 204 Pb value of 18.20,
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suggests that the granite cannot be considered as a major source for lead in the skarn, although its role as an accessory source cannot be discarded.

6.

Summary of the origin of the ore-forming elements in Azegour

The Re-Os analyses of molybdenite (~267 and 276 Ma) provide a robust geochronology for the mineralisation of the Azegour skarn, which are broadly contemporaneous with the previous emplacement history of the granite (Rb-Sr ages determined on the granite ranging from 269 ± 11 to 271 ± 3 Ma). Although presently there is no evidence of multi-staged emplacement of the Azegour granite, the Re-Os molybdenite dates do imply two phases of mineralisation within the Azegour system, and thus the presence of a hidden younger intrusion at depth. Multi-phased crystallisation is proposed as the principal process of Mo fractionation in the Azegour skarn and could explain Mo isotopic variation in occurrence and sample scale, whereas a Rayleigh fractionation in hydrothermal fluid cannot be precluded.

The 34 S-enrichment of the sulphide ores of the Azegour skarn suggests a strong participation of surrounding rocks. Regarding lead isotopes, the location of all Azegour samples below the [START_REF] Stacey | Approximation of Terrestrial Lead Isotope Evolution by a 2-Stage Model[END_REF] and just below [START_REF] Doe | Plumbotectonics, the Phanerozoic[END_REF] orogen curves suggest that the ore forming materials are derived from a mixture of upper crustal material with an important contribution of mantle lead, a result in accordance with the previous Sr and Nd isotopic studies [START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF]. 

Figure 4 :

 4 Figure 4: Coarse molybdenite (white and grey) within garnetite from the Azegour mine.Photograph in reflected light

  found a ∆ 98 Mo of around 0.75 ‰ for El Teniente ore deposit in Chile. A slightly larger variation was shown by Greber et al. (2011) for the Grimsel Pass pegmatite (∆ 98 Mo of ~1.14 ‰) and for the Alpjahorn pegmatite ∆ 98 Mo of ~1.35 ‰). Greber et al. (2014) found a ∆ 98 Mo= 0.88 ‰ in the Questa porphyry Mo ore deposit (New Mexico, USA). Additionally, Shafiei et al. (2015) reported the largest variation (∆ 98 Mo of around 1.94 ‰) for the Kerman porphyry deposit (Iran).

Figure 6 :

 6 Figure 6: Histogram of Mo isotopic composition of molybdenite samples from Azegour mine and Tizgui mine

  one phase of crystallisation has occurred, what is clearly not the case in the Azegour skarn. Table 2: Mo-isotope data of molybdenites analyzed for this study. Data are relative to NIST3134 (δ 98 Mo NIST =0). N = number of analyses for each sample. Long-term external reproducibility of 0.08 ‰ (2σ) on δ 98 Mo NIST . References to sub samples are indicated by an additional subscript a to d, meaning up to 4 subsamples, i.e. same rock sample referred MoXXX and up to 4 samples of molybdenite grain in the samples MoXXX.

Figure 8 :

 8 Figure 8: Pb-Pb diagrams of initial composition of chalcopyrite, pyrrhotite, and K-feldsparfrom Azegour granite[START_REF] Mrini | Age et origine des granitoïdes hercyniens du Maroc; Apport de la géochronologie et de la géochimie isotopique (Sr, Nd, Pb)[END_REF], with the[START_REF] Stacey | Approximation of Terrestrial Lead Isotope Evolution by a 2-Stage Model[END_REF] growth curve (SK) and

  Initial lead isotopic compositions ( 206 Pb/ 204 Pb, 207 Pb/ 204 Pb and 208 Pb/ 204 Pb) calculated using a mean age of 270 ± 10 Ma are reported in Table 4 and Figure 8. The range of the initial lead isotope composition can be illustrated by the 206 Pb/ 204 Pb i value, ranging for chalcopyrite, pyrrhotite and feldspar samples from 18.08 to 18.30. Chalcopyrite 206 Pb/ 204 Pb i values are close (18.13 to 18.23), whereas pyrrhotite 206 Pb/ 204 Pb i values exhibit a wider range from 18.08 to 18.30. The 206 Pb/ 204 Pb i values for molybdenite are more radiogenic, between 18.51 and 20.01.
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