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In North Africa, the Algerian margin is made of basement blocks that drifted away from the European margin, namely the Kabylia, and docked to the African continental crust in the Early Miocene. This young margin is now inverted, as dated Miocene (17 Ma) granites outcrop alongshore, evidencing kilometre-scale exhumation since their emplacement. Age of inversion is actually unknown, although Pliocene is often considered in the offshore domain.

To decipher the exhumation history of the margin between 17 and 5 Ma, we performed a coupled apatite fission track (AFT) and (U-Th-Sm)/He (AHe) study in the Cap Bougaroun Miocene granite. AFT dates range between 7±1 and 10±1 Ma, mean AHe dates between 8±2 Ma and 10±1Ma. These data evidence rapid and multi-kilometre exhumation during Tortonian times. This event cannot be related to slab breakoff but instead to the onset of margin inversion that has since developed as an in-sequence north-verging deforming prism.

Origin of the Tortonian exhumation phase: a consequence of slab breakoff?

 proposed that slab breakoff could explain surface uplift and exhumation phases in orogens. Different authors have modelled the duration

Introduction

Western Mediterranean geodynamics has been extensively studied for more than 20 years and is now relatively well constrained [START_REF] Gueguen | On the post-25 Ma geodynamic evolution of the western Mediterranean[END_REF][START_REF] Carminati | The role of slab detachment processes in the opening of the western-central Mediterranean basins: some geological and geophysical evidence[END_REF][START_REF] Gallagher | Transdimensional inverse thermal history modeling for quantitative thermochronology[END_REF][START_REF] Spakman | A tomographic view on the Western Mediterranean Geodynam-ics[END_REF][START_REF] Jolivet | Accounting for long alpha-particle stopping distances in (U-Th-Sm)/He geochronology: Refinement of the baseline case[END_REF][START_REF] Van Hinsbergen | Origin and consequences of western Mediterranean subduction, rollback, and slab segmentation[END_REF]. The N-S convergence between Africa and Eurasia began in the Late Cretaceous [START_REF] Rosenbaum | Reconstruction of the tectonic evolution of the western Mediterranean since the Oligocene[END_REF].

It ended with a major collisional event in the middle-late Eocene that preceded the opening of the Oligo-Miocene back-arc basins (e.g. Alboran, Algerian, Provençal and Ligurian basins,
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This article is protected by copyright. All rights reserved. Fig. 1A; [START_REF] Réhault | The western Mediterranean basin geological evolution[END_REF][START_REF] Gueguen | On the post-25 Ma geodynamic evolution of the western Mediterranean[END_REF]. This opening allowed the replacement of the Ligurian and "Maghrebian" Tethys branches by the West Mediterranean oceanic basins through a globally southward roll-back motion [START_REF] Van Hinsbergen | Origin and consequences of western Mediterranean subduction, rollback, and slab segmentation[END_REF]. The final shaping involved a large-scale slab tearing that permitted eastward and westward lateral escapes of the slab at the origins of the Calabrian and Alboran orogenic arcs, respectively.

The breaking of the slab enabled the asthenosphere to rise and heat/melt the overriding lithosphere, as inferred by [START_REF] Davies | Slab breakoff: a model of lithosphere detachment and its test in the magmatism and deformation of collisional orogens[END_REF]. As a matter of fact, a more than 1000 km-long succession of magmatic rocks lies in Northern Maghreb, the geochemistry and petrology of which are related to the slab breakoff [START_REF] Maury | Post-collisional neogene magmatism of the Mediterranean Maghreb margin: a consequence of slab breakoff[END_REF][START_REF] Coulon | Post-collisional transition from calc-alkaline to alkaline volcanism during the Neogene in Oranie (Algeria): magmatic expression of a slab breakoff[END_REF][START_REF] Chazot | An overview on the origin of post-collisional Miocene magmatism in the Kabylies (Northern Algeria): evidence for crustal stacking, delamination and slab detachment[END_REF]. In Northern Algeria (Fig. 1B), more especially in the Lesser Kabylia, Beni Touffout and Bougaroun, Miocene granitoids were emplaced during the slab breakoff, which occurred ~17 Ma ago [START_REF] Ouabadi | Pétrologie, Géochimie, origine des granitoïdes péralumineux à cordierite (Cap Bougaroun, Beni Touffout, et Filfila)[END_REF][START_REF] Fourcade | The origin and geodynamic significance of the Alpine cordierite-bearing granitoids of northern Algeria. A combined petrological, mineralogical, geochemical and isotopic (O, H, Sr, Nd) study[END_REF][START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF].

Lesser Kabylia, belonging to the internal domain of the Tell-Rif orogen [START_REF] Wildi | La chaîne tello-Rifaine (Algérie, Maroc, Tunisie): structure, stratigraphie, et évolution du Trias au Miocène[END_REF], was docked to the South Tethys margin during the Early Miocene (among others [START_REF] Bouillin | Geologie alpine de la petite Kabylie dans les régions de Collo et d'El Milia (Algérie)[END_REF][START_REF] Courme-Rault | Stratigraphie du miocène et chronologie comparée des déformations suivant deux transversales des atlasides orientales (Algérie, Sicile)[END_REF]. Its northern boundary represents the passive margin of the Algerian Basin since at least the latest Oligocene-Aquitanian. Interestingly, the passive margin is already a compressional domain, at least since the beginning of the Pliocene for the offshore domain [START_REF] Leprêtre | Multiphased tectonic evolution of the Central Algerian margin from combined wide-angle and reglection seismic data off Tipaza, Algeria[END_REF][START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF]. However, whereas the origin and evolution of the Algerian margin is one of the pending questions in Western Mediterranean geodynamics [START_REF] Leprêtre | Multiphased tectonic evolution of the Central Algerian margin from combined wide-angle and reglection seismic data off Tipaza, Algeria[END_REF], very few studies exist about the uplift and denudation history of this part of North Africa. The presence of lower Miocene granites already outcropping raises questions about the evolution of the relief and its timing. Nowadays, vertical movements along the Algerian margin are poorly constrained.

Accepted Article

This article is protected by copyright. All rights reserved.

In the present work, we investigate the chronology of exhumation in the Bougaroun massif (Lesser Kabylia, Fig. 1B), using apatite fission-track (AFT) and (U-Th-Sm)/He (AHe) thermochronology and associated thermal modelling by the computer code QTQt [START_REF] Gallagher | Transdimensional inverse thermal history modeling for quantitative thermochronology[END_REF]. Those methods allow us to determine the thermal history of rocks, and to quantify rock exhumation in the 40-120°C range [START_REF] Gallagher | Fission-track analysis and its application to geological problems[END_REF][START_REF] Gautheron | Effect of alpha-damage annealing on apatite (U-Th)/He thermochronology[END_REF][START_REF] Djimbi | Impact of apatite chemical composition on (U-Th)/He thermochronometry: an atomistic point of view[END_REF]. No such combination of AHe and AFT datasets has ever been acquired on the Algerian margin. Our new dataset represents a first attempt to decipher the postcollisional evolution of the Kabylian basement. It allows us to discuss the respective influence of the slab-break-off versus inversion processes in the relief evolution of a young passive margin.

Geological setting

1.Tell-Rif system: general organization & timing of deformation

The western Mediterranean domain is surrounded by mountain ranges built during the Alpine orogeny from the Palaeogene until today. Among them, the Maghrebide belt extends over >2000 km between the Gibraltar Arc and Sicily [START_REF] Durand-Delga | Le cadre structural de la Méditerrannée Occidentale, 26è[END_REF]. It includes the Betics-Rif cordillera (Crespo-Blanc and Frizon de Lamotte, 2006), the Algerian-Tunisian Tell [START_REF] Wildi | La chaîne tello-Rifaine (Algérie, Maroc, Tunisie): structure, stratigraphie, et évolution du Trias au Miocène[END_REF] and the Calabro-Sicilian arc (Fig. 1A). The Tell-Rif system is composed of three major units from north to south: (1) the internal Kabylia domain, constituted of basement blocks originating from the dismantling of the AlKaPeCa domain (for Alboran-Kabylia-Peloritani-Calabria; [START_REF] Bouillin | Le « bassin maghrébin » ; une ancienne limite entre l'Europe et l'Afrique à l'Ouest des Alpes[END_REF]; these elements come from the North Tethys margin that drifted away during the Cenozoic before the Miocene docking; they sandwich the "Dorsale Calcaire" unit, which is the former passive margin of AlKaPeCa, against the Flysch domain; (2) the Flysch domain, formerly covering the "Maghrebian" Te-
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This article is protected by copyright. All rights reserved. thys (Fig. 1B); (3) the external domain, which is the more-or-less inverted former South Tethys margin [START_REF] Wildi | La chaîne tello-Rifaine (Algérie, Maroc, Tunisie): structure, stratigraphie, et évolution du Trias au Miocène[END_REF]Fig. 1). The belt is at first-order organized as a south-verging stack of these three domains, although important along-strike variations exist (Leprêtre et al., in press).

The deformation chronology for the Tell-Rif system is well-described (e.g. [START_REF] Wildi | La chaîne tello-Rifaine (Algérie, Maroc, Tunisie): structure, stratigraphie, et évolution du Trias au Miocène[END_REF][START_REF] Benaouali-Mebarek | Post-Cretaceous kinematics of the Atlas and Tell systems in central Algeria: Early foreland folding and subduction-related deformation[END_REF]Abbassène et al., 2016;Leprêtre et al., in press). The docking of the Kabylia occurred in the late Burdigalian-Langhian along the margin after a complex extensional evolution of the basement during the Oligo-Miocene [START_REF] Aïté Mohamed | Distension néogène post-collisionnelle sur le transect de Grande Kabylie (Algérie)[END_REF]. Previous study of preserved sediments on the Kabylian basement did not allow a clear examination of the successive deformation steps after the docking stage [START_REF] Bouillin | Geologie alpine de la petite Kabylie dans les régions de Collo et d'El Milia (Algérie)[END_REF][START_REF] Géry | Définition d'une série type de l'Oligo-Miocène kabyle anté-nappes dans le Djebel Aïssa-Mimoun (Grande Kabylie, Algérie)[END_REF][START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF]. Nevertheless, since the 2000s, numerous offshore studies have helped understanding and dating the more recent deformation stages [START_REF] Deverchère | Active thrust faulting offshore Boumerdès, Algeria, and its relation to the 2003 Mw 6.9 earthquake[END_REF][START_REF] Domzig | Searching for the Africa-Eurasia Miocene boundary offshore western Algeria (MARADJA'03 cruise)[END_REF][START_REF] Strzerzynski | Tectonic inheritance and Pliocene-Pleistocene inversion of the Algerian margin around Algiers: insights from multibeam and seismic reflection data[END_REF][START_REF] Leprêtre | Multiphased tectonic evolution of the Central Algerian margin from combined wide-angle and reglection seismic data off Tipaza, Algeria[END_REF][START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF]. [START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF] give evidence that after the Late Burdigalian-Langhian docking, compression has resumed at least from the Messinian. However, note that no well calibration exists in the Algerian Basin and that dating is still debatable.

Lesser Kabylia geology and magmatism

Lesser Kabylia mainly consists of a magmatic and metamorphic basement along with Palaeozoic metasediments [START_REF] Bouillin | Geologie alpine de la petite Kabylie dans les régions de Collo et d'El Milia (Algérie)[END_REF]. Scarce Mesozoic sediments are found on top of the basement, and only along the southeastern boundary of the basement (SSE of Skikda, Fig. 1B), in the "Dorsale Calcaire". The basement is unconformably overlain by the detrital "Oligo-Miocene Kabyle" (Fig. 1B), which is Late Oligocene to Burdigalian [START_REF] Géry | Définition d'une série type de l'Oligo-Miocène kabyle anté-nappes dans le Djebel Aïssa-Mimoun (Grande Kabylie, Algérie)[END_REF]. These are syn-rift deposits related to back-arc basins formation (Aïte and Gélard,

Accepted Article

This article is protected by copyright. All rights reserved. 1997; [START_REF] Géry | Définition d'une série type de l'Oligo-Miocène kabyle anté-nappes dans le Djebel Aïssa-Mimoun (Grande Kabylie, Algérie)[END_REF]. In the Kabylia, post-docking sediments are scarce and even absent after the Langhian in Lesser Kabylia, whereas Langhian to Tortonian formations rest on top of the "Oligo-Miocene Kabyle" offshore [START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF].

Other Miocene rocks crop out in Lesser Kabylia. Indeed, the two largest magmatic outcrops of Algeria occupy the northernmost part of the Lesser Kabylia: Kabylia de Collo and Chetaïbi-Cap de Fer (Fig. 1B). The Cap Bougaroun massif is located in the Kabylia de Collo region [START_REF] Bouillin | Geologie alpine de la petite Kabylie dans les régions de Collo et d'El Milia (Algérie)[END_REF]. Following [START_REF] Ouabadi | Le granite à biotite et cordiérite du Cap Bougaroun (Algérie), un analogue alpin des granites de type « S » de la ceinture de Lachlan (Australie)[END_REF][START_REF] Ouabadi | Pétrologie, Géochimie, origine des granitoïdes péralumineux à cordierite (Cap Bougaroun, Beni Touffout, et Filfila)[END_REF], the Bougaroun pluton is composed of granodiorites and monzogranites, related to continental collision processes. U-Pb and K-Ar dating (whole rock and separated minerals) suggest an emplacement age of 17 ± 0.5 Ma [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF], close to the age of the neighbouring El Milia microgranite (16.5±0.8 Ma, [START_REF] Bellon | Séries magmatiques néogènes et quaternaires du pourtour de la Méditerranée occidentale, compares dans leur cadre géochronométrique: implications géodynamiques[END_REF][START_REF] Bellon | Volcanism related to plate tectonics in the Western and Eastern Mediterranean[END_REF]. The Bougaroun pluton now crops out between 0 and 800 m above sea level.

Methodology and results

Four samples (CB53, 27, 32 and 49; Table S1) were collected and analysed (analytical details in supplementary data). ICP-AES data of the four granitoids have been published in [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF]. AFT results are presented in Table 1 andfigure S2. Central AFT ages range from 7±1 Ma to 10±1 Ma, and mean Dpar is 1.2±0.1 to 1.6±0.2 µm. AHe data are presented in Table 2. Single-grain AHe dates vary between 5±0 Ma and 12±1 Ma and mean AHe dates range from 8±1 Ma (CB53) to 10±1 Ma (CB49). eU ranges between 2 and 200 ppm (table 2). AFT and AHe ages are younger than the rock emplacement age of 17 Ma [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF].

Accepted Article

This article is protected by copyright. All rights reserved.

We ran numerical simulations using the QTQt software [START_REF] Gallagher | Transdimensional inverse thermal history modeling for quantitative thermochronology[END_REF] to extract thermal histories in order to deduce the timing and the rate of the post-17 Ma exhumation.

QTQt enables us to inverse the dataset, defining a suite of thermal histories that reproduce the thermochronometric dates. The AHe and AFT datasets were inverted for each sample, using the annealing model of Kecham et al. (2007) and the [START_REF] Gautheron | Effect of alpha-damage annealing on apatite (U-Th)/He thermochronology[END_REF] radiation damage model. The modelled thermal path for CB53 is provided in figure 2 (Fig. S3 for the three other samples). Three constraints on the temperature/time history were used: (i) the pluton is at present at a surface temperature of 20±10°C, and (ii) the pluton formed at a temperature > 700°C around 17 Ma ago [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF] and (iii) whole rock K-Ar ages indicate that the pluton had cooled to 400-200°C by 15 Ma [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF]. Further information about the modelling procedure can be found in the Supp. Info. (Text S2).

The modelled thermal histories predict a rapid cooling episode between 9 Ma and 8 Ma (Fig. 2) for all samples. The Bougaroun pluton thus underwent rapid cooling in ca. 2 Ma, during Tortonian times. We interpret this cooling episode as the consequence of a major exhumation event at that time.

Discussion

Our thermal models evidence two cooling episodes of the Kabylia basement (Fig. 2).

The first cooling episode occurred very quickly between 17 and 15 Ma from >700°C to 400-200°C. We interpret this event as an initial heat loss concentrated within a narrow time interval. Nevertheless, the petrological constraints on the early evolution of the Cap Bougaroun granite are relatively scarce, and the thermal path related to this early cooling event is only indicative.
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After this initial cooling stage, the granite remained at temperatures around 200°C to 300°C, which roughly corresponds to a depth of 6.6 to 10 km considering a palaeogeotherm of 30°C/Km. The second cooling episode took place in a very short time between 9 and 7 Ma, that is during Tortonian time. The quickness of cooling evidenced by modelling agrees with the absence of correlations between AHe dates and eU, Rs and altitude (Fig. S1), which testifies to a short stay in the helium partial retention zone. The cooling rate cannot be precisely quantified as (1) there is no correlation between sample altitudes and AHe ages and (2) AFT ages are similar to AHe ages. Following [START_REF] Ouabadi | Le granite à biotite et cordiérite du Cap Bougaroun (Algérie), un analogue alpin des granites de type « S » de la ceinture de Lachlan (Australie)[END_REF], this pluton was emplaced at shallow crustal levels (thermobarometric analyses of the Beni Touffout massif envision maximum pressures of 3 kbar, yielding depths less than 10 km) and now crops out at the surface.

We thus interpret this second cooling episode as a major exhumation event during Tortonian times in a very short time, less than 2 Myr as testified by QtQt models (Fig. 2). The pluton then stayed near the sub-surface since the Pliocene (Fig. 2). This Tortonian event is clearly distinct from the initial heat loss and therefore must be interpreted differently.

We propose that this cooling is induced by the decrease of cover thickness by erosion.

We thus deal with an erosional hypothesis, suggesting that, even if the palaeogeotherm was rather high (>30°C/km) after 15 Ma, most of the cooling is related to exhumation. In the light of this hypothesis, two scenarios can explain our results: (i) the slab break-off triggered massive isostatic rebound or (ii) this late erosion phase is related to crustal shortening induced by the inversion of the margin.
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This article is protected by copyright. All rights reserved. and the displacement amplitude related to a putative isostatic surface uplift related to slab breakoff, by analogue or numerical simulations. [START_REF] Chatelain | Detachment of part of the downgoing slab and uplift of the New Hebrides (Vanuatu) islands[END_REF] and [START_REF] Buiter | Two-dimensional simulations of surface deformation caused by slab detachment[END_REF] suggested that surface uplift would be extremely large (maximum 2-6 km) and would occur very quickly (<100,000 years) after slab detachment. [START_REF] Duretz | Dynamics of slab detachment[END_REF] proposed a general surface uplift in a maximum timespan of ~5 Ma.

Given these works and the fact that slab breakoff occurred in Lesser Kabylia ~17 Ma ago [START_REF] Abbassene | A 17 Ma onset for the post-collisional K-rich calc-alkaline magmatism in the Maghrebides: evidence from Bougaroun (Northeastern Algeria) and geodynamic implications[END_REF], we may expect rapid cooling and erosion very quickly after it.

Nonetheless, our data do not constrain the pre-Tortonian thermal history. According to the most optimistic lifespan of the isostatic uplift, we thus do not expect the Tortonian cooling to be related to the slab breakoff and must consider another scenario. Yet, let us add that the 17-15 Ma cooling could be regarded as a composite cooling signal mixing crystallization heat loss together with exhumation due to slab breakoff. However, the fact that the Langhian deposits show a clear transgressive marine trend (from 16 to 14 Ma; [START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF] does not support the mixed hypothesis, and the initial 17-15 Ma cooling is best interpreted as heat loss of the cooling pluton.

A Tortonian onset of inversion?

The timing of the late Cenozoic inversion in the onshore section of the Tell-Rif belt has been extensively studied (among others [START_REF] Meghraoui | Seismotectonics of the lower Cheliff basin: structural background of the El Asnam (Algeria) earthquake[END_REF][START_REF] Deverchère | Active thrust faulting offshore Boumerdès, Algeria, and its relation to the 2003 Mw 6.9 earthquake[END_REF][START_REF] Mauffret | The northwestern (Maghreb) boundary of the Nubia (Africa) plate[END_REF][START_REF] Strzerzynski | Tectonic inheritance and Pliocene-Pleistocene inversion of the Algerian margin around Algiers: insights from multibeam and seismic reflection data[END_REF][START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF]. [START_REF] Strzerzynski | Tectonic inheritance and Pliocene-Pleistocene inversion of the Algerian margin around Algiers: insights from multibeam and seismic reflection data[END_REF] recalled that onshore outcrops evidenced compression since the Late Miocene (post-11 Ma/Tortonian), as also proposed by Perrodon (1957) and Thomas (1985) in the Cheliff area, by Aïte and Gélard (1997) in Greater Kabylia, and in the Tunisian Tell by [START_REF] Rouvier | Geologie de l'extrême nord tunisien : tectoniques et paléogéographies superposées à l'extrémité orientale de la chaîne nord-maghrebine[END_REF] 
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(Fig. 1A). [START_REF] Carbonnel | Ostracodes miocènes d'Algérie : Revue : systématique, biostratigraphie, distribution palinspatique[END_REF] also pointed to a particular event at this time, studying the sedimentary record there, as [START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF] did by showing the regressive character of the Tortonian sedimentation.

On the contrary, the offshore studies up to now do not propose such an early compressional phase, and most authors agree that compression resumed in the Pliocene in the deep basin (among others Déverchère et al., 2005;[START_REF] Strzerzynski | Tectonic inheritance and Pliocene-Pleistocene inversion of the Algerian margin around Algiers: insights from multibeam and seismic reflection data[END_REF][START_REF] Arab | Tectonostratigraphic evolution of the eastern Algerian margin and basin from seismic data and onshore-offshore correlation[END_REF] even though it could have locally started in the Late Miocene [START_REF] Mauffret | The northwestern (Maghreb) boundary of the Nubia (Africa) plate[END_REF]. These late Cenozoic deformations sign the inversion of the margin since the structures are not yet southverging but globally north-verging, with the development of underthrusting of the Algerian Basin.

Our results thus bring the first evidence for the onset of this north-verging inversion within the onshore Kabylian domain after the initial previous compressional docking event in the Late Burdigalian-Langhian [START_REF] Roure | Alpine inversion of the North African margin and delamination of its continental lithosphere[END_REF]. The poor evidence for a Tortonian inversion in the offshore domain could be understood as an in-sequence development of an orogenic prism, represented by the whole inverted Algerian margin and the Kabylian basement, the Tell foreland representing the rear of the system. As such, the expression of the deformation offshore became more significant by the Pliocene, as shown by the migration of deformation outward of the system, relocalized at the foot of the margin. These inverted structures would branch on Kabylia basement neoformed faults, as north-dipping normal faults inherited from the Oligo-Miocene extension are unlikely to be reactived (Fig. 3). Such a scenario of an initial imbrication mechanism in the upper margin during the Tortonian followed by the development of in-sequence thrusts in the outer wedge during the Plio-Quaternary is in line with classical evolution of the frontal part of accretionary prisms (e.g. [START_REF] Moore | Three-Dimensional Splay Fault Geometry and Implications for Tsunami Generation[END_REF][START_REF] Yamada | Granular experiments of thrust wedges: Insights relevant to methane hydrate exploration at the Nankai accretionary prism[END_REF].
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Finally, this Tortonian event fits well in the West Mediterranean geodynamics. Indeed, this period shows strong mechanical coupling between Africa and Europe, with widespread development of compressional structures. This is for instance particularly well-evidenced in the Betics belt [START_REF] Braga | Patterns and average rates of late-Neogene recent uplift in the Betic Cordillera, SE Spain[END_REF][START_REF] Augier | Exhumation, doming and slab retreat in the Betic Cordillera (SE Spain): in situ40Ar/39Ar ages and P-T-d-t paths for the Nevado-Filabride complex[END_REF][START_REF] Couto | Lago Mare and the Messinian salinity crisis: evidence from the Alboran sea (S. Spain)[END_REF][START_REF] Janowski | Neogene exhumation and relief evolution in the Eastern Betics (SE Spain): insights from the Sierra de Gador[END_REF] and in the Alboran basin [START_REF] Couto | Tectonic and stratigraphic evolution of the Western Alboran Sea Basin in the last 25Myrs[END_REF].

Conclusion

Our study delivers the first combined AFT and AHe study on the Lesser Kabylia domain in Algeria. Through thermal modelling, we demonstrate that major exhumation of the Algerian margin occurred in the Tortonian. This event cannot be regarded as a consequence of the slab breakoff because it occurred too late. Instead, we propose that it dates the onset of inversion of the internal part of the Tell. Interestingly, this new onshore data confirms the Late Miocene resumption of compression along the Tell belt, whereas the offshore domain seems to have remained exempt of compression before the Pliocene. We thus propose that the compression began onshore in the Kabylia, and progressively migrated to the north until it was clearly expressed offshore during the Plio-Quaternary (Fig. 3). Our results shed light on the compression "jump" from the former south-verging Tell front, situated southward of the Tell nappes, toward a north-verging Kabylian front that developed in-sequence deformation leading to the strong inversion of the Algerian margin since then. It would now be interesting (1) to investigate whether this scenario established for the Lesser Kabylia is also valid westward, or if the Tethyan slab-tear propagation did influence the tectonic agenda and (2) to date in Lesser Kabylia with hotter thermochronometers to decipher the older history of the basement. 

Figure captions
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This article is protected by copyright. All rights reserved. Table 1: AFT results* *ρ, density of tracks (s and i indicate spontaneous and induced densities respectively in apatite crystals and the mica detector, and d indicates the track density of the neutron glass monitor (CN5)); densities are expressed in 10 5 t.cm -2 . Ns, Ni and Nd are the number of counted tracks for ρ s , ρ i and ρ d respectively, given in italics. MTL, mean track length. Values in parentheses for the central age are the number of single-grain ages. 1σ is the standard deviation.

Tables

Dpar corresponds to a kinetic factor determined for each sample (Barbarand et al. 2003).

Granodr. : granodiorite. *Rs (sphere equivalent radius) and F T (ejection factor) have been calculated using the procedure developed by [START_REF] Gautheron | A Monte Carlo approach to diffusion applied to noble gas/helium thermochronology[END_REF] and [START_REF] Jolivet | Accounting for long alpha-particle stopping distances in (U-Th-Sm)/He geochronology: Refinement of the baseline case[END_REF]. eU (effective uranium) has been calculated with the formula [eU] = [U] + 0.24 × [Th] + 0.008 × [Sm]. 'Age c.' means (U-Th-Sm)/He age corrected for alpha ejection with the F T . The error is estimated to be a maximum of 8%. ncc, nano cubic centimer. L, W, T

give the measurements of the individual crystals for length, width and thickness, respectively. In the Prism Termination column: bf : broken face;

no pyr: no pyramid, meaning no bf and quite rounded grain; 1pyr, 1bf: 1 pyramid and 1 broken face (see Brown et al., 2013).
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 1 Figure 1: (A) Structural map of the West Mediterranean domain (modified after Ethève et al.,
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 2 Figure 2: (A) Age/elevation results for all samples. U-Pb and whole rock K-Ar dates are

Figure 3 :

 3 Figure 3: General evolution of the Algerian margin since the Early Miocene. OMK: "Oligo-

Table 2 :

 2 AHe results*

	Name	Prism Termina-tion	L (µm)	W (µm)	T (µm)	Rs (µm)	Weight (µg)	FT	4 He (ncc/g)	U (ppm)	Th (ppm)	Sm (ppm)	eU (ppm)	Th/U	Age (Ma)	Age c. (Ma)*
	CB53 CB53Q	1 bf	125	113	100	51	3.0	0.78	9907	9	19	123	14	2.1	5	7.0 ± 0.6
	CB53R	No pyr	100	88	88	42	1.7	0.69	14814	14	26	181	20	1.9	6	8.2 ± 0.7
	CB53V	No pyr	138	125	88	47	2.8	0.75	21745	21	14	153	25	0.7	7	9.3 ± 0.8
	CB53W	No pyr	112,5	88	88	44	2.0	0.71	18686	24	13	164	27	0.5	5	7.6 ± 0.6
	CB53F	No pyr	188	100	100	55	4.2	0.77	13905	18	23	119	24	1.3	5	6.0 ± 0.5
	CB53G	No pyr	125	113	100	51	3.0	0.75	14863	16	11	131	19	0.7	6	8.4 ± 0.7
	CB53H	1 pyr, 1 bf	125	125	100	48	2.3	0.77	18191	17	22	161	22	1.3	6	8.3 ± 0.7
	CB53J	No pyr	137,5	113	100	52	3.3	0.75	15517	18	21	141	23	1.2	5	7.1 ± 0.6
	CB53M	2 bf	187,5	125	100	56	4.8	0.87	15884	14	22	114	20	1.6	6	7.4 ± 0.6
	CB53P	No pyr	175	125	125	64	6.2	0.79	2986	2	7	85	4	3.5	5	6.7 ± 0.5
	CB53N	2 pyr	200	100	88	50	2.7	0.58	24867	29	35	218	37	1.2	5	9.1 ± 0.6
	CB53X	1 pyr	100	88	88	40	1.3	0.66	21759	26	33	245	34	1.3	5	7.6 ± 0.6
	CB53B	1 bf	163	113	88	49	3.2	0.80	23840	26	36	179	35	1.4	5	6.8 ± 0.6
	CB53C	2 bf	225	113	75	45	3.4	0.87	8427	5	13	197	9	2.6	7	8.5 ± 0.8
	CB53D	2 bf	100	88	75	39	1.4	0.78	48933	44	33	260	52	0.8	8	8.6 ± 0.8
	CB53S	No pyr	150	88	63	36	1.6	0.70	51159	78	25	225	84	0.3	5	6.3 ± 0.6
	CB53T	1 bf	138	63	50	30	0.9	0.70	29970	37	30	315	44	0.8	5	7.6 ± 0.7
	CB53Y	No pyr	88	75	75	37	1.1	0.65	19456	26	39	280	35	1.5	4	6.2 ± 0.5
	CB53Z*	1 bf	138	100	69	39	1.8	0.77	15414	11	12	126	14	1.1	9	13.2 ± 1
	CB53AA	1 bf	150	100	100	52	3.4	0.79	8089	9	15	95	13	1.7	5	6.3 ± 0.5
	CB53DD	1 bf	88	88	75	37	1.2	0.72	22117	28	6	109	30	0.2	6	8.3 ± 0.7
	CB49 CB49AA*	No pyr	250	250	163	85	18.1	0.86	50646	32	10	50	35	0.3	12	13.9 ± 1.1
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