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We document the occurrence of micro-diorite magmatic sills, with magmatic enclaves, in the Ceuta Peninsula within metapelites from the Lower Sebtides units (Internal Rif). All magmatic rocks show a primary magmatic mineralogy and geochemical signature diagnostic for high-K calc-alkaline to shoshonitic island arc magmatism. Moreover, these rocks are significantly affected by secondary metamorphic transformations under greenschist-to amphibolite-facies conditions, regionally dated at c. 21 Ma. Geometric relationships between the sills and the main regional foliation, developed under intermediate-pressure granulite-facies conditions at c. 28 Ma, demonstrate that the sills emplaced during the late stage of this main tectonic event. New U-Pb in situ analyses of monazite performed on the micro-diorite sills provide an age of 20.64 ± 0.19 Ma, coherent with this chronological framework and interpreted as the age of greenschist-facies re-equilibration. The discovery of pre-Miocene high-K calc-alkaline to shoshonitic arc-related magmatism is clearly consistent with the subduction context proposed for the Alboran Basin evolution, according to geophysical investigations. In this framework, the Lower Sebtides units could be considered as part of the upper plate of the subduction system, while the Upper Sebtides must be regarded as the lower subducted plate.

Introduction

Located in the western tip of the Mediterranean, the Gibraltar arc consists of the Alboran Basin surrounded by the Betic (in Spain) and the Rif (in Morocco) orogenic belts built, since late Mesozoic time, in the context of Africa and Eurasia plate convergence (Fig. 1). Today, the geodynamic evolution of the internal zone of these cordilleras (i.e. the Alboran domain) is considered to be the result of subduction followed by slab rollback, which produced the opening of a back-arc basin (e.g. [START_REF] Royden | Evolution of the retreating subduction boundaries formed during continental collision[END_REF][START_REF] Lonergan | Origin of the Betic-Rif mountain belt[END_REF][START_REF] Faccenna | Lateral slab deformation and the origin of the western Mediterranean arcs[END_REF][START_REF] Faccenna | Mantle dynamics in the Mediterranean[END_REF][START_REF] Spakman | A tomographic view on western Mediterranean geodynamics[END_REF][START_REF] Vergés | Tethys-Atlantic interaction along the Iberia-Africa plate boundary: the Betic-Rif orogenic system[END_REF][START_REF] Bezada | Evidence for slab rollback in westernmost Mediterranean from improved upper mantle imaging[END_REF][START_REF] Van Hinsbergen | Origin and consequences of western Mediterranean subduction, rollback, and slab segmentation[END_REF]. Such a scenario with a retreating slab, migrating behind the orogenic wedge is also assumed in other domains of the Mediterranean such as the Calabrian arc (e.g. [START_REF] Faccenna | History of subduction and back-arc extension in the Central Mediterranean[END_REF][START_REF] Faccenna | Extensional tectonics on Sardinia (Italy): insights into the arc-back-arc transitional regime[END_REF] or the Aegean arc (e.g. [START_REF] Jolivet | Cenozoic geodynamic evolution of the Aegean[END_REF][START_REF] Jolivet | Aegean tectonics: strain localisation, slab tearing and trench retreat[END_REF].

Numerous geological, petrological, geochemical and geochronological studies were carried out on the internal zones of the Betic and the Rif belts in order to constrain the geodynamic evolution of the Alboran domain (e.g. Beccaluva et al. 2007;[START_REF] Duggen | Geochemical zonation of the Miocene Alboran Basin volcanism (westernmost Mediterranean): geodynamic implications[END_REF][START_REF] Conticelli | Trace elements and Sr-Nd-Pb isotopes of K-rich, shoshonitic, and calc-alkaline magmatism of the Western Mediterranean Region: genesis of ultrapotassic to calc-alkaline magmatic associations in a post-collisional geodynamic setting[END_REF][START_REF] Lustrino | The Central-Western Mediterranean: anomalous igneous activity in an anomalous collisional tectonic setting[END_REF][START_REF] Carminati | Geodynamic evolution of the central and western Mediterranean: tectonics vs. igneous petrology constraints[END_REF]. However, in spite of these detailed studies, no expression of arc-related calc-alkaline magmatism has ever been documented so far in the Internal Rif. In this paper we unravel for the first time the occurrence of subduction-related magmatism in the Ceuta Peninsula, located in the internal zone of the Rif belt.

Geological context

The Rif Cordillera, located in the northern part of Morocco, consists of stacked sedimentary and metamorphic units thrust onto foreland basins. Classically, three main structural domains are recognized in this orogenic system (Fig. 1b): (i) the External zone, (ii) the Flysch zone and (iii) the Internal zone (or Alboran domain, see [START_REF] Michard | The correlations between the Rifan-Betic Mountain Belt and the Alps, and their consequences[END_REF][START_REF] Chalouan | The Rif belt[END_REF]. The Internal Rif consists of three units, namely, from top to bottom, the Dorsale calcaire, the Ghomarides unit and the Sebtides unit (Fig. 1b, e.g. [START_REF] Chalouan | The Rif mountain building (Morocco): a new tectonic scenario[END_REF]. The Sebtides unit is composed of a stack of high-to low-grade metamorphic rocks, subdivided into the pre-Permian Lower Sebtides and the Palaeozoic to Triassic Upper Sebtides [START_REF] Chalouan | The Rif belt[END_REF]. In the Ceuta area, two sub-units are distinguished in the Lower Sebtides: the Ceuta Upper Unit (CUU) and the Monte Hacho Lower Unit (MHLU).

The CUU is composed of migmatitic metapelites containing peridotite lenses and boudins of high-to ultra-high-pressure granulites at its base [START_REF] Kornprobst | Contribution à l'étude pétrographique et structurale de la zone interne du Rif (Maroc septentrional)[END_REF][START_REF] Galdeano | Diamond and coesite in ultrahighpressure-ultrahigh-temperature granulites from Ceuta, Northern Rif, northwest Africa[END_REF], 2013), overthrust upon the migmatitic orthogneisses of the MHLU (Fig. 2, [START_REF] Kornprobst | Contribution à l'étude pétrographique et structurale de la zone interne du Rif (Maroc septentrional)[END_REF][START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF].

Thrust tectonics developed under intermediate-pressure granulite-facies metamorphism before Miocene time, probably during Oligocene time [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF]. In this domain, three ductile deformation stages (D1-D3) have been identified, where S1-S3 foliations are associated with distinctive metamorphic assemblages [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF]. In both Lower Sebtides units, an S2 composite foliation, bearing a well-developed stretching lineation L2, is the dominant regional fabric whatever the lithology. In the uppermost unit, pre-D2 fabrics (i.e. D1/S1) are locally preserved in volumes (i.e. lozenge-shaped blocks) that escaped overprinting by the pervasive S2. In both units, D3 structures consist of localized normal ductile shear zones associated with an S3 foliation. Detailed microstructural, mineralogical and geochronological investigations [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF] demonstrate that:

(1) D1 was contemporaneous with high-pressure/high-temperature metamorphic conditions (high-pressure granulite facies) of unknown age; (2) D2 developed, contemporaneously with thrust tectonics, under intermediate-pressure granulite-facies conditions (7-10 kbar and 780-820 °C) before 28 Ma; (3) D3 is characterized by metamorphic re-equilibration at the boundary between amphibolite-and greenschist-facies conditions (400-550 °C and 1-3 kbar) during early Miocene time (i.e. c. 21 Ma).

In the most western part of the Ceuta area, the Upper Sebtides (Federico units) underwent an Alpine, probably Oligocene, highpressure/low-temperature metamorphism typical of subduction zone conditions [START_REF] Bouybaouene | High-pressure, low-temperature metamorphism in the Sebtides nappes, northern Rif, Morocco[END_REF][START_REF] Goffe | Metamorphic cookeite in Alpine metapelites from Rif, northern Morocco, and the Betic Chain, southern Spain[END_REF][START_REF] Michard | Late Hercynian-Mesozoic thinning in the Alboran domain: metamorphic data from the northern Rif, Morocco[END_REF][START_REF] Janots | Evolution of the REE mineralogy in HP-LT metapelites of the Sebtide complex, Rif, Morocco: monazite stability and geochronology[END_REF].

3. Evidence for high-K calc-alkaline magmatism in the Lower Sebtides

3.a. Field observations

Metapelites from the CUU present a main NE-striking (N30 to N50) S2 foliation plane, gently to moderately dipping (20 to 50°) towards the NW (Fig. 2). This foliation is marked by the alternation of quartz-feldspars and garnet-biotite-sillimanite-rich levels as well as by the alternation of centimetric quartzo-feldspathic leucosomes and biotite-sillimanite mesosomes (Fig. 3a). This main D2 deformation episode, synchronous with partial melting of the metapelites, is also contemporaneous with the thrusting of the CUU over the MHLU [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF].

In these metapelites we found several pluricentimetric to plurimetric magmatic sills parallel to the main S2 foliation plane (Fig. 3a,b,c). In these 'micro-granitoid' sills we recognized two types of enclaves: (1) enclaves of migmatitic metapelites (i.e. host rock, Fig. 4a) and (2) granular to microgranular magmatic enclaves (Fig. 4b). The cores of the magmatic sills are clearly not deformed and contain a well-preserved microgranular porphyric texture (Fig. 3d). On the other hand, the edges of the sills display preferred mineral orientation interpreted as a magmatic flow-fabric (Fig. 3b,c,e). This interpretation is supported by enclave alignments parallel to the main foliation of the surrounding rocks (Fig. 3b). These structural observations are typical for syn-to late-tectonic (i.e. D2 deformation event) magma emplacement. In such a case, the magmatic sills were emplaced in thermal equilibrium with the surrounding metapelites.

3.b. Petrographic observations

The magmatic sills present a microgranular porphyric texture, while magmatic fluidality is visible in thin-sections from the edges of the sills (Fig. 5a). The sills contain a primary magmatic assemblage essentially composed of feldspars, quartz, biotites and oxides (ilmenite and magnetite). Feldspars occur as subhedral to anhedral large-sized grains (1-5 mm) (Fig. 5b) and present a magmatic zonation. They are predominantly plagioclases (An 7 -An 25 ), which exhibit polysynthetic twinning. K-feldspars (orthoclase, microcline) are observed in minor amounts and orthoclase shows Carlsbad twinning. In the groundmass, xenomorphic quartz grains show wavy extinctions. Biotite appears as small (< 1 mm) brown, strongly pleochroic grains in the groundmass or as minute inclusions in large plagioclase grains (Fig. 5b). In the largest biotite grains, needle-shaped rutile developed along cleavage planes. In addition, we frequently observed a 'ghost' mineral with a rectangular or rhomboidal shape (around 5 mm), which is totally replaced by an association of chlorite, muscovite and epidote (Fig. 5c). Although the nature of this mineral cannot be definitely determined, the secondary mineral association together with the mineral shapes strongly suggests a primary magmatic amphibole or a primary magmatic pyroxene. Indeed, in one thin-section we recognized one fragment of a rectangular-shaped pyroxene within the pseudomorphic aggregate. Magnetite occurs as more or less rhombohedral isotropic crystals in the groundmass, while ilmenite is found as elongated dark brown frequently altered grains. Accessory minerals are titanite, apatite, monazite and zircon. This primary magmatic mineral association of plagioclase þ quartz þ K-feldspar þ biotite þ Fe-Ti oxide þ Fe-Mg-mineral (amphibole and/or pyroxene) indicates a moderately differentiated magmatic rock (micro-granodiorite or micro-diorite). The lack of primary magmatic muscovite or aluminium silicates together with the presence of amphibole or pyroxene, Fe-Ti oxides and titanite in the magmatic association is typical for calc-alkaline magmas, i.e. Hybrid Late Orogenic (H LO ) or Hybrid Continental Arc (H CA ) magmatic series in the mineralogical/petrogenetic classification of [START_REF] Barbarin | Granitoids: main petrogenetic classifications in relation to origin and tectonic setting[END_REF] and thus of mixed (crustal þ mantle) origin. Most magmatic minerals underwent secondary metamorphic transformations (Fig. 5c). Feldspars are partly or totally replaced by patches of albite and white mica. White micas also occur as radial aggregates along magmatic grain boundaries. Chlorite forms pseudomorphic patches within magmatic phases. In some samples, epidote developed at the expense of primary Fe-Mg magmatic minerals. 2 3 :586 8 6 C6 9CC 5 : 8 1 2565 7 9CC 2 3 :586 8 6 .0 255 6 / C 2C D3 6 C C C96 ,2 3 :586 ,6 C6 7 D 6 2 2: 23 6 2C The magmatic enclaves display a magmatic mineral association of plagioclase, amphibole, pyroxene and minor quartz (Fig. 6). Plagioclase occurs as lath-shaped crystals that show polysynthetic twinning. Amphibole is anhedral, green coloured and pleochroic with, when observable, an extinction angle of about 20°. Millimetre-sized pyroxene grains occur as anhedral crystals and are largely replaced by secondary metamorphic minerals. Quartz grains, with irregular grain boundaries, are scattered in the matrix. Accessory magmatic minerals include magnetite and/or ilmenite, titanite and zircon. Secondary metamorphic minerals are well developed; plagioclases are frequently converted to fine-grained white mica, while amphibole and pyroxene are partly or completely pseudomorphosed by muscovite, chlorite and epidote.

The development of a secondary metamorphic mineral association (i.e. white mica þ chlorite þ quartz þ albite ± epidote assemblage) in the magmatic sills and their enclaves attests to a severe metamorphic re-equilibration at the boundary between amphibolite-and greenschist-facies conditions (i.e. synchronous with the D3 tectonic event; see [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF] for discussion). Thus, both the magmatic sills and surrounding metapelites are affected by D3 metamorphism, and consequently, field observations together with petrographic analysis are compatible with syn-to late-D2 and pre-D3 magmatic sill emplacement.

3.c. Geochemical investigations

Because the magmatic sills are significantly affected by D3 metamorphism, in order to investigate the geochemical characteristics of these magmatic rocks we sampled the magmatic rocks only in the largest and best-preserved sill. In this sill, in view of outcrop quality, we found only two samples of micro-granitoids with well-preserved magmatic texture (SEB12-04 and CEU14-05) and one enclave (CEU17-23E), also very well preserved. These three samples were selected for major-and trace-element chemical analyses. Bulk rock compositions were obtained by inductively coupled plasma atomic emission spectrometry (ICP-AES) and inductively coupled plasma mass spectrometry (ICP-MS), for major and trace elements, respectively, on rock powders at the Geochemical and Petrographical Research Centre in Nancy (SARM laboratory, CNRS-CRPG; Table 1) following the procedure described in [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].

In the total alkalis versus silica classification (i.e. TAS diagram after Le [START_REF] Maitre | Igneous Rocks: A Classification and Glossary of Terms[END_REF]), the 'micro-granitoid' samples are micro-diorites, while the microgranular enclave is a less differentiated micro-gabbrodiorite (Fig. 7a). Moreover, with respect to SiO 2 and K 2 O (i.e. in the classification of [START_REF] Peccerillo | Geochemistry of Eocene calc-alkaline volcanic rocks from the Kastamonu area, Northern Turkey[END_REF], all these magmatic rocks have a geochemical signature typical for high-K calc-alkaline magmas (Fig. 7b).

However, the identification of the geochemical characteristics of magmatic rocks re-equilibrated during regional metamorphism is still delicate because of the mobility of the chemical elements during fluid-assisted metamorphism [START_REF] Bridgwater D Ed | Fluid Movements -Element Transport and the Composition of the Deep Crust[END_REF][START_REF] Ferry | A historical review of metamorphic fluid flow[END_REF]. Numerous studies have already shown that major elements as well as some trace elements, mainly large ion lithophile elements (LILE) (e.g. Rb, Cs, Sr, Ba) and light rare earth elements (LREE) (e.g. La, Ce, Nd), are considered to be the most mobile elements under greenschist-and amphibolite-facies conditions, whatever the considered lithology [START_REF] Bridgwater D Ed | Fluid Movements -Element Transport and the Composition of the Deep Crust[END_REF][START_REF] Potdevin | Diffusion model for magmatic reaction. An example of amphibole breakdown in the trachytic dome of Monac (French Massif Central)[END_REF][START_REF] Lawrie | Geochemical characterisation of a polyphase deformed, altered, and high grade metamorphosed volcanic terrane: implications for the tectonic setting of the Svecofennides, south-central Finland[END_REF][START_REF] Ague | Mass transfer during Barrovian metamorphism of pelites, southcentral Connecticut; I, Evidence for changes in composition and volume[END_REF][START_REF] Ague | Fluid infiltration and transport of major, minor, and trace elements during regional metamorphism of carbonate rocks, Wepawaug Schist, Connecticut, USA[END_REF][START_REF] Roser | An evaluation of elemental mobility during metamorphism of a turbidite sequence (Greenland Group, New Zealand)[END_REF][START_REF] Brewer | Metamorphic overprinting of Sm-Nd isotopic systems in volcanic rocks: the Telemark Supergroup, southern Norway[END_REF][START_REF] Masters | Regional-scale fluid flow and element mobility in Barrow's metamorphic zones, Stonehaven, Scotland[END_REF][START_REF] Zheng | Chemical geodynamics of continental subduction-zone metamorphism: insights from studies of the Chinese Continental Scientific Drilling (CCSD) core samples[END_REF]. Therefore, in order to improve the characterization of the geochemical signature of the studied samples, we selected diagrams suitable for magmatic rocks, using only minor and trace elements considered immobile during metamorphic processes.

First, in the [START_REF] Winchester | Geochemical discrimination of different magma series and their differentiation products using immobile elements[END_REF] magmatic rock classification including its modification by [START_REF] Pearce | A user's guide to basalt discrimination diagrams[END_REF], based on immobile element ratios such as Zr/Ti versus Nb/Y, the studied samples range in the field of gabbroic and dioritic rock types (Fig. 8a). Second, we used the accurate Th-Co diagram proposed by [START_REF] Hastie | Classification of altered volcanic island arc rocks using immobile trace elements: development of the Th-Co discrimination diagram[END_REF] for magmatic rocks transformed under greenschist-facies conditions (Fig. 8b) and the Th/Yb versus Ta/ Yb diagram (Fig. 8c) from [START_REF] Pearce | Role of the sub-continental lithosphere in magma genesis at active continental margins[END_REF]. In these diagrams, the three samples are micro-gabbrodiorites and diorites, whereas their compositions still have a geochemical signature typical for the high-K to shoshonitic series.

Trace-element discriminant diagrams are often considered an important way to determine the tectonic environment of magma formation [START_REF] Pearce | Role of the sub-continental lithosphere in magma genesis at active continental margins[END_REF][START_REF] Pearce | Trace element discrimination diagrams for the tectonic interpretation of granitic rocks[END_REF]. However, traceelement compositions are also a function of source components and the crystallization history of the melts [START_REF] Rollinson | Using Geochemical Data: Evaluation, Presentation, Interpretation[END_REF][START_REF] Frost | A geochemical classification for granitic rocks[END_REF]. Since trace-element diagrams can discriminate various tectonic settings, the composition of the studied samples was plotted on some of these diagrams (Fig. 9). In the discriminant diagrams proposed by [START_REF] Pearce | Tectonic setting of basic volcanic rocks determined using trace element analyses[END_REF] and [START_REF] Pearce | Trace element characteristics of lavas from destructive plate boundaries[END_REF] (Ti/ Zr/Y in Fig. 9a and Cr versus Y in Fig. 9b, respectively), the three samples plot in the calc-alkaline and volcanic arc fields. In the Th/ Hf versus Ta/Hf diagram [START_REF] Schandl | Application of high field strength elements to discriminate tectonic settings in VMS environments[END_REF], samples plot in the active continental margin field (Fig. 9c). Moreover, the two micro-diorites typically have an intermediate rock composition.

Consequently, we felt it was also interesting to confront their chemical signatures with discriminant diagrams established for granitoids. In the Nb versus Y diagram from [START_REF] Pearce | Trace element discrimination diagrams for the tectonic interpretation of granitic rocks[END_REF], the two samples plot in the volcanic arc and syn-collisional granitoid field (Fig. 9d), while using the more accurate Ta versus Yb diagram proposed by [START_REF] Pearce | Trace element discrimination diagrams for the tectonic interpretation of granitic rocks[END_REF] to distinguish between volcanic arc and syn-collisional granitoids, our samples plot in the volcanic arc granitoid field (Fig. 9e).

Altogether, the geochemical characters of the studied sills are consistent with a high-K calc-alkaline magma formed within a continental magmatic arc.

U-Pb dating

4.a. Analytical method

U-Th-Pb dating was performed on monazites and one xenotime from the micro-diorite SEB12-04. In situ analyses were achieved on thin-sections, in order to keep the microstructural context of the analysed minerals. Prior to LA-ICP-MS in situ U-Th-Pb analyses, minerals were examined with backscattered electrons (BSE) (Fig. 10), using a scanning electron microscope (SEM) at the CRHEA in Sophia Antipolis (Valbonne, France), to reveal the internal structure of the minerals. The operating conditions were 15 kV accelerating voltage and a 17 nA beam current. In situ U-Th-Pb analyses were performed at Geosciences Montpellier (University of Montpellier, France) by laser ablation (LA)-ICP-MS using a Lambda Physik CompEx 102 Excimer laser coupled to an Element XR sector field ICP-MS at the AETE-ISO regional facility (OSU OREME). Laser spot sizes were 15 μm. Before analysis, the laser was first fired to clean the sample surface (ten pulses). The targeted mineral was subsequently ablated under ultrapure helium in a 15 cm 3 circular-shaped ablation cell with an energy density of 12 J/cm 2 at a frequency of 2 Hz during 45 s. A gas blank was measured during 15 s before each analysis. Analyses of unknown monazite grains were bracketed by analyses of the Manangotry monazite standard [START_REF] Poitrasson | Electron microprobe and LA-ICP-MS study of monazite hydrothermal alteration: implications for U-Th-Pb geochronology and nuclear ceramics[END_REF]. Repeated analyses of this reference mineral were used to correct for inter-element fractionation and for mass bias factor corrections (see details in [START_REF] Bosch | Building an island-arc crustal section: time constraints from a LA-ICP-MS zircon study[END_REF]. Quoted ratios (see Table 2) correspond to measured ratios corrected for background and mass discrimination (+ elemental fractionation for the 206 Pb/ 238 U ratios). All ages have been calculated using the U and Th decay constants recommended by [START_REF] Steiger | Subcommission on geochronology: convention on the use of decay constants in geo-and cosmochronology[END_REF]. Analytical data were plotted and ages were calculated using the IsoplotEx program [START_REF] Ludwig | Mathematical-statistical treatment of data and errors for 230 Th/U geochronology[END_REF]. Individual analyses in Table 2 and in Concordia plots (Fig. 11) are ± 1σ errors, and uncertainties in ages are quoted in the text at the 2σ level.

4.b. Results

Eighteen monazites and one xenotime were analysed from the sample SEB12-04. Under BSE imaging, 11 monazites display a homogeneous structure (Fig. 10a), whereas seven show either a light grey core surrounded by a dark grey rim (Fig. 10b; mnz3, mnz12, mnz13) or irregular light grey patches (Fig. 10c; mnz 2, mnz9, mnz16, mnz18) suggesting recrystallization of preexisting minerals (e.g. [START_REF] Bosch | Monazite "in situ" 207 Pb/ 206 Pb geochronology using a small geometry high-resolution ion probe. Application to Archaean and Proterozoic rocks[END_REF]. The monazites sometimes contain inclusions (mnz1, 3-6, 15-18; Fig. 10c) and have a rounded or elongated shape. The shape of the monazite, and lack of oscillatory zoning, is not consistent with crystallization from a melt, as observed for magmatic monazite (e.g. [START_REF] Bruguier | Miocene incorporation of peridotite into the Hercynian basement of the Maghrebides (Edough massif, NE Algeria): implications for the geodynamic evolution of the Western Mediterranean[END_REF]). The xenotime is homogeneous, rounded in shape with undulant rims. Thirty-nine analyses were performed on 18 monazite grains (see Table 2) and two analyses were performed on the xenotime grain identified in the thin-section. Despite the observed differences in internal structures, most monazite analyses display a single alignment in the Concordia diagram and provide an intercept age of 20.7 ± 0.19 Ma (Fig. 11b). The xenotime analysis also plots along this alignment, suggesting that the monazite and xenotime are coeval. Two grains (mnz3 and mnz16) are significantly older with apparent 206 Pb-238 U ages ranging from 241.3 ± 8.8 Ma to 225.7 ± 7.4 Ma (Table 2; Fig. 11a). It is noteworthy that mnz16 displays a heterogeneous age distribution in which Miocene and older domains are present. The BSE imaging of this grain is not consistent with a core-like structure but, on the contrary, suggests recrystallization processes. On that basis, the c. 21 Ma age is interpreted as reflecting monazite growth or resetting of the U-Pb system of preexisting minerals under metamorphic conditions. Older ages are interpreted as partial updating of minerals that were most likely snatched from deep-seated material by the dioritic magma.

4.c. Age interpretations

Most of the dated minerals yield an age of c. 21 Ma. In the Ceuta Peninsula, this age is now well documented and is associated with the D3 tectonic event, developed at the boundary between amphibolite-and greenschist-facies conditions, and which corresponds to the development of ductile extension [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF]. Interestingly, in the investigated micro-diorite, the dated monazites and xenotime are systematically in textural equilibrium with the secondary metamorphic phases in the groundmass as well as in inclusions within magmatic minerals, the latter being totally replaced by muscovite and chlorite (Fig. 10d). 

Geological consequences

We report for the first time the occurrence of calc-alkaline magmatic sills in the Ceuta Peninsula (Internal Rif). Sampled microdiorites and micro-gabbrodiorites show a primary magmatic mineralogy and a geochemical signature diagnostic for high-K calc-alkaline to shoshonitic island arc magmatism. Field observations based on geometric relationships between the micro-diorite sills and the main regional foliation S2, developed under intermediate-pressure granulite-facies conditions before 28 Ma [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF], demonstrate that the magmatic sills emplaced during the late stage of the D2 tectonic event.

Furthermore, these magmatic rocks are fully metamorphosed under greenschist-facies metamorphic conditions. The latter, depicted at the regional scale, is coeval with an early Miocene D3 extensional tectonic event [START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF]. Hence, syn-to late-D2 and pre-D3 magmatic sill emplacement is consistent with the magmatic monazite U-Pb age resetting at c. 21 Ma. The significance of this pre-Miocene high-K calc-alkaline magmatism must now be envisioned and discussed within the framework of the geodynamic context presently held for the Alboran domain. Following geophysical investigations, and particularly tomographic studies [START_REF] Blanco | The P-wave velocity structure of the mantle below the Iberian Peninsula: evidence for subducted lithosphere below southern Spain[END_REF][START_REF] Gutscher | Evidence for active subduction beneath Gibraltar[END_REF][START_REF] Timoulali | New evidence of delamination in the Western Alboran Sea: geodynamic evolution of the Alboran domain and its margins[END_REF][START_REF] Villaseñor | Subduction and volcanism in the Iberia-North Africa collision zone from tomographic images of the upper mantle[END_REF], the Betic-Rif orogen that surrounds the Alboran Basin is regarded as an emblematic example of a subduction-controlled orogeny followed by slab rollback leading to the opening of the Alboran back-arc basin (e.g. [START_REF] Faccenna | Lateral slab deformation and the origin of the western Mediterranean arcs[END_REF][START_REF] Spakman | A tomographic view on western Mediterranean geodynamics[END_REF][START_REF] Vergés | Tethys-Atlantic interaction along the Iberia-Africa plate boundary: the Betic-Rif orogenic system[END_REF][START_REF] Bezada | Evidence for slab rollback in westernmost Mediterranean from improved upper mantle imaging[END_REF][START_REF] Van Hinsbergen | Origin and consequences of western Mediterranean subduction, rollback, and slab segmentation[END_REF]. In this geodynamic framework, slab rollback of the Tethyan oceanic Our structural and geochronological data reveal that, in the Ceuta area, high-temperature metamorphism and calcalkaline magmatism are, at least in part, synchronous. This is consistent with the thermal behaviour of supra-subduction magmatic arcs. Indeed, in numerous examples of active or extinct arcs, regional metamorphism is coeval with arc building, and heat input is related to continuous or episodic emplacement of magmatic intrusions [START_REF] Miyashiro | Evolution of metamorphic belts[END_REF][START_REF] Ernst | Systematics of large-scale tectonics and age progressions in Alpine and Circum-Pacific blueschist belts[END_REF][START_REF] Schiffman | Active metasomatism in the Cerro Prieto geothermal system, Baja California, Mexico: a telescoped low-pressure, low-temperature metamorphic facies series[END_REF][START_REF] Aguirre | A low-grade metamorphic model for the Miocene volcanic sequences in the Andes of central Chile[END_REF][START_REF] Willner | A counterclockwise PTt path of high-pressure/low-temperature rocks from the Coastal Cordillera accretionary complex of south-central Chile: constraints for the earliest stage of subduction mass flow[END_REF][START_REF] Willner | Pressure-temperature evolution of a late Palaeozoic paired metamorphic belt in north-central Chile (34°-35°30 0 S)[END_REF]. The small volume of magmatic rocks identified up to now could be the result of a weakly productive magmatic arc or be the result of a difficulty in identifying these rocks in the field.

Furthermore, in the northern Rif, the Upper Sebtides located westward of the Ceuta Peninsula underwent an Oligocene highpressure/low-temperature metamorphism [START_REF] Bouybaouene | High-pressure, low-temperature metamorphism in the Sebtides nappes, northern Rif, Morocco[END_REF][START_REF] Goffe | Metamorphic cookeite in Alpine metapelites from Rif, northern Morocco, and the Betic Chain, southern Spain[END_REF][START_REF] Michard | Late Hercynian-Mesozoic thinning in the Alboran domain: metamorphic data from the northern Rif, Morocco[END_REF][START_REF] Janots | Evolution of the REE mineralogy in HP-LT metapelites of the Sebtide complex, Rif, Morocco: monazite stability and geochronology[END_REF]) and thus must be considered as the lower plate subducted beneath the Lower Sebtides (Fig. 12). The tectonic coupling between the Upper and Lower Sebtides defines a typical example of 'paired metamorphic belts' (Brown, 2010 and references therein). Indeed, island arc and back-arc regions are recognized as a suitable tectonic setting for the development of regional high-temperature/ low-pressure metamorphism [START_REF] Miyashiro | Evolution of metamorphic belts[END_REF][START_REF] Oxburgh | Thermal structure of island arcs[END_REF][START_REF] Ernst | Blueschist metamorphism and P-T regimes in active subduction zones[END_REF]. This metamorphism developed in the upper plate of the subduction zone is the counterpart of the high-pressure/low-temperature metamorphism widespread within the down-going lower plate (Fig. 12).

After the development of the paired metamorphic belts, during early Miocene time, the Upper Sebtides underwent normal faulting associated with back-arc extension and opening of the Alboran Basin (Fig. 12; [START_REF] Comas | The origin and tectonic history of the Alboran Basin: insights from leg 161 results[END_REF][START_REF] Platt | Exhumation of the Ronda peridotite and its crustal envelope: constraints from thermal modelling of a P-T-time array[END_REF][START_REF] Martínez-García | From extension to shortening: tectonic inversion distributed in time and space in the Alboran Sea, Western Mediterranean[END_REF][START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF]. Post-subduction deformation is thus observed in the studied area; however, this deformation is not strong enough to reverse the initial relationships between the Upper and Lower Sebtides. At the scale of the Betic-Rif orogen, published magmatic studies mostly deal with recent magmatic episodes within the Neogene volcanic province widespread in the eastern part of the Alboran domain [START_REF] Duggen | Geochemical zonation of the Miocene Alboran Basin volcanism (westernmost Mediterranean): geodynamic implications[END_REF]see Lustrino et al. 2011 for a review). Up to now, earlier magmatic events were only described in the Betic Cordilleras (e.g. [START_REF] Bellon | Chronologie du magmatisme Neogene des Cordilleres Betiques (Espagne meridionale)[END_REF][START_REF] Torres-Roldan | An early Miocene arctholeiitic magmatic dyke event from the Alboran sea: evidence for precollision subduction and back-arc crustal extension in the westernmost Mediterranean[END_REF][START_REF] Turner | Magmatism associated with orogenic collapse of the Betic-Alboran Domain, SE Spain[END_REF][START_REF] Duggen | Magmatic evolution of the Alboran region: the role of subduction in forming the western Mediterranean and causing the Messinian Salinity Crisis[END_REF][START_REF] Lustrino | The Central-Western Mediterranean: anomalous igneous activity in an anomalous collisional tectonic setting[END_REF][START_REF] Esteban | Insights into extensional events in the Betic Cordilleras, southern Spain: new fission-track and U-Pb SHRIMP analyses[END_REF]) and more precisely in the Malaga area (SW Betic), as tholeiitic and calc-alkaline basaltic andesite dykes. K-Ar and Ar-Ar geochronological investigations on these rocks reveal two age groups: (1) 30-38 Ma, which corresponds to calcalkaline dyke emplacement during the subduction process, and (2) 17.4-19.8 Ma, interpreted as K-Ar system resetting due to a wide-scale thermal event. Furthermore, a high-K to shoshonitic magmatic episode occurred between 16 and 8 Ma, in the eastern Rif and Betics and in the Alboran Sea. It is related to the slab rollback and marks the position of the deep subducted lithosphere beneath the Alboran Basin [START_REF] Gill | Depleted arc volcanism in the Alboran Sea and shoshonitic volcanism in Morocco: geochemical and isotopic constraints on Neogene tectonic processes[END_REF][START_REF] Duggen | Post-collisional transition from subduction-to intraplate-type magmatism in the westernmost Mediterranean: evidence for continental-edge delamination of subcontinental lithosphere[END_REF].

The new data we obtained in the northern Rif are in agreement with this interpretation proposed for the Betic chains, and all together support a model of subduction-related orogeny for the Betic/Rif Cordilleras.

Conclusions

We described for the first time a high-K calc-alkaline magmatism in the Lower Sebtides (Internal Rif). Our structural and petrographic observations with geochronological data demonstrate that: (i) pre-Miocene high-K calc-alkaline to shoshonitic micro-diorite sills emplaced in the Ceuta Peninsula within the Lower Sebtides (Internal Rif) during high-temperature/medium-pressure metamorphism (i.e. D2 deformation event); (ii) these newly recognized magmatic rocks have a primary magmatic mineralogy and geochemical signature diagnostic of island arc magmatism; (iii) the micro-diorite sills display a secondary medium-temperature/ low-pressure metamorphic episode (i.e. D3 deformation event), which led to monazite U-Pb age resetting at c. 21 Ma. The presence of arc-related magmatism, probably Oligocene in age, is not surprising in the nowadays widely accepted subduction system for the Gibraltar arc formation. Therefore, in such a framework, the so-called Lower Sebtides correspond to the upper plate of the subduction system, whereas the Upper Sebtides may be considered as the lower plate of the subduction system. 

Fig. 1 .

 1 Fig. 1. (Colour online) (a) Location of the Gibraltar arc and Alboran Basin in the framework of the Western Mediterranean and peri-Mediterranean orogenic belts (light green). (b) Structural map of the Gibraltar arc.

Fig. 2 .

 2 Fig. 2. (Colour online) Geological map showing the location of the magmatic sill within the structural framework of the Ceuta Peninsula (modified after Homonnay et al. 2018). CUU -Ceuta Upper Unit; MHLU -Monte Hacho Lower Unit; CSZ -Ceuta Shear Zone. See Figure 1b for location.

Fig. 3 .

 3 Fig. 3. (Colour online) Field observations. (a) Decametric sill parallel to the main S2 metapelite foliation plane. (b) Edge of the sill with magmatic fluidality and enclave alignments parallel to the main S2 foliation plane. (c) Contact between the micro-diorite sill and the metapelite. (d) Microgranular porphyric texture preserved in the core of the sill. (e) Magmatic mineral orientation (underlined by white dashed lines) within the micro-diorite sill.

Fig. 4 .

 4 Fig. 4. (Colour online) Enclaves observed within the micro-diorite sill. (a) Metapelite enclave. (b) Magmatic enclave with microgranular texture.

Fig. 5 .

 5 Fig. 5. (Colour online) Thin-section photomicrographs of the micro-diorite sills. (a) Magmatic mineral fluidality marked by white dashed lines (plane-polarized light). (b) Microgranular porphyric texture (plane-polarized light). (c) Typical 'ghost' mineral totally replaced by muscovite and chlorite ± quartz (cross-polarized). fspfeldspar; btbiotite; oxoxide; qtzquartz; msmuscovite; chlchlorite.

Fig. 6 .

 6 Fig. 6. (Colour online) Thin-section photomicrograph of a magmatic enclave (planepolarized light). The micro-porphyric texture is underlined by crystals of amphibole (amph), pyroxene (px) and oxides (ox). The domains in white correspond to plagioclase and minor quartz.

Fig. 7 .

 7 Fig. 7. (Colour online) Rock classification diagrams using major elements. (a) TAS diagram for igneous rocks after Cox et al. (1979). (b) Rock series discriminant diagram from Peccerillo & Taylor (1976).

Fig. 8 .

 8 Fig. 8. (Colour online) (a) Zr/Ti versus Nb/Y diagram from Pearce (1996) modified after Winchester & Floyd (1977). (b) Th-Co discriminant diagram for altered volcanic island arc rocks, using immobile trace elements, from Hastie et al. (2007). (c) Th/Yb versus Ta/ Yb diagram after Pearce (1983).

Fig. 9 .

 9 Fig. 9. (Colour online) (a) Ti/Zr/Y discriminant diagram from Pearce & Cann (1973). Afield of island arc tholeiites; Bfield of MORB, arc tholeiites and calc-alkaline magmas; Cfield of calc-alkaline magmas; Dfield of within-plate magmas. (b) Cr versus Y discriminant diagram between MORB, volcanic arc basalts (VAB) and within-plate basalts (WPB) from Pearce (1982). (c) Th/Hf versus Ta/Hf diagram from Schandl & Gorton (2002). (d) Nb versus Y tectonic discriminant diagram for granitoid rocks[START_REF] Pearce | Trace element discrimination diagrams for the tectonic interpretation of granitic rocks[END_REF]. (e) Ta versus Yb tectonic discriminant diagram for granitoid rocks[START_REF] Pearce | Trace element discrimination diagrams for the tectonic interpretation of granitic rocks[END_REF].

Fig. 10 .

 10 Fig. 10. (Colour online) Backscattered electron (BSE) and microscopic images of monazite grains in the micro-diorite sill. Locations of U-Th-Pb analyses are circled in BSE images. (a) Homogeneous monazite grain. (b) Monazite grain exhibiting light grey core and dark grey rim. (c) Monazite grain with light grey patches and inclusion. (d) Microscopic photo of a monazite (mnz3) surrounded by chlorite (chl) and muscovite (ms).

Fig. 11 .

 11 Fig. 11. (Colour online) (a) Concordia diagram for U-Pb analyses on monazites and xenotime. (b) Tera-Wasserburg diagram close-up of young U-Pb analyses.

Fig. 12 .

 12 Fig. 12. (Colour online) Schematic cross-section of the Rif belt (modified from Chalouan et al. 2008). HP/LT: high pressure/ low temperature. HT/LP: high temperature/ low pressure.

Table 1 .

 1 Chemical analyses: major elements (wt %), minor and trace elements (ppm)

	Geological Magazine		
	Sample	SEB12-04	CEU14-05	CEU17-23E
		micro-diorite	micro-diorite	enclave
	SiO 2	59.2	61.1	54.0
	Al 2 O 3	19.2	17.9	15.9
	Fe 2 O 3 (t)	8.1	7.0	8.0
	MnO	0.1	0.1	0.1
	MgO	2.5	2.3	5.9
	CaO	1.3	1.7	7.3
	Na 2 O	1.3	1.0	3.1
	K 2 O	3.3	3.6	2.1
	TiO 2	1.0	0.9	0.6
	P 2 O 5	0.0	0.2	0.7
	LOI	4.2	4.6	1.6
	TOTAL	100.1	100.3	99.4
	Ba	502.6	403.3	835.8
	Co	20.1	15.6	26.3
	Cr	113.0	97.0	198.6
	Er	3.2	2.8	_
	Eu	1.6	1.4	_
	Ga	26.5	23.9	22.1
	Hf	5.8	4.7	3.0
	La	47.8	41.9	_
	Lu	0.5	0.4	_
	Nb	15.5	14.0	9.2
	Nd	42.2	35.2	_
	Pb	21.9	17.1	13.0
	Pr	11.1	9.3	_
	Rb	131.1	147.1	55.9
	Sc	20.8	18.1	21.7
	Sm	8.2	6.9	_
	Sr	117.0	77.9	478.9
	Ta	1.3	1.4	0.6
	Tb	1.0	0.9	_
	Th	15.9	13.3	8.9
	U	3.1	3.2	_
	V	158.7	137.3	212.8
	Y	32.0	27.5	18.8
	Yb	3.0	2.9	3.0
	Zr	219.0	169.8	98.8

  Consequently, monazite ages at c. 21 Ma cannot be interpreted as the ages of magma crystallization but, on the contrary, are related to the late-D3 stage of metamorphism characterized by metamorphic re-equilibration, associated with fluid circulation, during early Miocene time. Resetting of monazite ages during greenschist-facies metamorphism and related fluid activity is clearly demonstrated (e.

g.

[START_REF] Williams | Resetting monazite ages during fluid-related alteration[END_REF][START_REF] Seydoux-Guillaume | Low-temperature alteration of monazite: fluid mediated coupled dissolution-precipitation, irradiation damage, and disturbance of the U-Pb and Th-Pb chronometers[END_REF]

) and was already outlined on metamorphic rocks from the Internal Rif

[START_REF] Montel | Preservation of old U-Th-Pb ages in shielded monazite: example from the Beni Bousera Hercynian kinzigites (Morocco)[END_REF][START_REF] Janots | Evolution of the REE mineralogy in HP-LT metapelites of the Sebtide complex, Rif, Morocco: monazite stability and geochronology[END_REF][START_REF] Michard | Pressure-temperature-time constraints on the Maghrebide mountain building: evidence from the Rif-Betic transect (Morocco, Spain), Algerian correlations, and geodynamic implications[END_REF][START_REF] Negro | Thermal structure of the Alboran Domain in the Rif (northern Morocco) and the Western Betics (southern Spain). Constraints from Raman spectroscopy of carbonaceous material[END_REF][START_REF] Chalouan | The Rif belt[END_REF][START_REF] Rossetti | Timing and modes of granite magmatism in the core of the Alboran Domain (Rif chain, northern Morocco): implications for the Alpine evolution of the western Mediterranean[END_REF][START_REF] Gueydan | Oligo-Miocene thinning of the Beni Bousera peridotites and their Variscan crustal host rocks, Internal Rif, Morocco[END_REF][START_REF] Homonnay | Miocene crustal extension following thrust tectonic in the Lower Sebtides units (internal Rif, Ceuta Peninsula, Spain): implication for the geodynamic evolution of the Alboran domain[END_REF] 

and also in the Internal Betic

[START_REF] Acosta-Vigil | Age of anatexis in the crustal footwall of the Ronda peridotites[END_REF]

.

Table 2 .

 2 Results of the U-Th-Pb LA-ICP-MS analysis of monazite and xenotime from the micro-diorite sill SEB12-04

	Apparent ages (Ma)

Pb*radiogenic lead.
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