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INTRODUCTION

The tectonic evolution of Oman (Figure 1), commencing in the Late Cretaceous, was marked by four major geodynamic events: (1) obduction of the Samail Ophiolite in northern Oman (Figure 2a); (2) obduction of the Masirah Ophiolite in eastern Oman associated with the northward drift of the Indian Plate (Figure 2b); (3) rifting and oceanic spreading in the Gulf of Aden along the southern boundary of the Arabian Plate (Figure 2c); and (4) collision of the Arabian Plate with the Eurasian Plate in the Zagros region (Figure 2c;[START_REF] Beydoun | Southern Arabia and Northern Somalia: comparative geology[END_REF][START_REF] Glennie | Geology of the Oman Mountains[END_REF]Moseley and Abbots, 1979;[START_REF] Cochran | The Gulf of Aden: structure and evolution of a young ocean basin and continental margin[END_REF][START_REF] Robertson | The northern Oman Tethyan continental margin: stratigraphy, structure, concepts and controversies[END_REF]Le Métour et al., 1995a;[START_REF] Loosveld | The tectonic evolution of interior Oman[END_REF][START_REF] Immenhauser | Late Paleozoic to Neogene geodynamic evolution of the northeastern Oman margin[END_REF][START_REF] Breton | Eoalpine (Cretaceous) evolution of the Oman Tethyan continental margin: insights from a structural field study in Jabal Akhdar (Oman Mountains)[END_REF].

In this paper we present the analysis of outcrop-scale fractures identified in the Upper Cretaceous and Cenozoic post-nappe succession in the Oman Mountains (Figure 1). Figure 3 presents the facies and depositional environment of this succession, which includes the Aruma, Hadhramaut, Dhofar, and Fars groups and included formations [START_REF] Nolan | Maastrichtian to Early Tertiary stratigraphy and paleogeography of the Central and Northern Oman Mountains[END_REF][START_REF] Béchennec | Geological map of Seeb[END_REF]Wyns et al., 1992b;Le Métour et al., 1992b, 1995b). The fractures in this succession were used to reconstruct local stress tensors, and to infer the regional paleostress field since the Late Cretaceous. The post-Late Cretaceous stress history, in turn, allows us to interpret the tectonic evolution of the Oman Mountains in much greater detail than in previous studies. In particular, this study highlights an epidode of extensional deformation that prevailed during the Late Cretaceous and early Cenozoic times, prior to the final collisional phase. The following two sections provide a brief review of the post-Late Cretaceous tectonic setting of the Oman Mountains, and tectono-stratigraphy of the post-nappe sedimentary succession.

TECTONIC SETTING OF THE OMAN MOUNTAINS

In north Oman, the Samail Ophiolite associated with the Sumeini and Hawasina nappes was obducted onto the northeastern margin of the Arabian Platform in the Late Cretaceous (Figure 2a; [START_REF] Coleman | Tectonic setting for ophiolite obduction in Oman[END_REF][START_REF] Nicolas | Structures of Ophiolites and Dynamics of Oceanic Lithosphere[END_REF][START_REF] Searle | Tectonic setting, origin, and obduction of the Oman ophiolite[END_REF]. The Samail Ophiolite represents relicts of Cretaceous (upper Albian-Cenomanian) oceanic crust of the Neo-Tethys Ocean [START_REF] Beurrier | Géologie de la nappe ophiolitique de Semail dans les parties orientales et centrales de l'Oman[END_REF][START_REF] Beurrier | Biostratigraphie des radiolarites associées aux volcanites ophiolitiques de la nappe de Samail (Sultanat d'Oman) : Conséquences tectogénétiques[END_REF]. Before the obduction, the margin was dominated by carbonate sedimentation since the Late Permian times [START_REF] Rabu | Géologie de l'Autochtone des Montagnes d'Oman : la fenêtre du jabal Akhdar. -La semelle metamorphique de la Nappe ophiololitique de Semail dans les parties centrale et orientale des Montagnes d'Oman: une revue[END_REF][START_REF] Le Métour | Géologie de l'Autochthone des montagnes d'Oman[END_REF]Le Métour et al., 1995a). The last stable carbonate platform covering Oman is represented by the Natih Formation of late Albian to earliest Turonian age [START_REF] Hughes-Clarke | Stratigraphy and rock unit nomenclature in the oil-producing area of Interior Oman[END_REF][START_REF] Scott | Chronostratigraphy of the Cretaceous carbinate shelf, southeastern Arabia[END_REF][START_REF] Van Buchem | High resolution sequence stratigraphy of the Natih Formation (Cenomanian/Turonian) in Northern Oman: Distribution of source rocks and reservoir facies[END_REF][START_REF] Terken | The Natih petroleum system of North Oman[END_REF]. Uplift, emergence and erosion of the Arabian Platform in the early Turonian were the first manifestations of the convergence in the continental domain. This broad doming was followed in the early and middle Turonian by rapid subsidence and the development of a foreland basin in front of the thrusted nappes [START_REF] Patton | Cretaceous flexural history of the northern Oman mountain foredeep, United Arab Emirates[END_REF]Robertson, 1987a;[START_REF] Béchennec | Doming and down-warping of the Arabian platform in Oman in relation to Eoalpine tectonics[END_REF], or alternatively in front of an intracontinental subduction zone [START_REF] Breton | Eoalpine (Cretaceous) evolution of the Oman Tethyan continental margin: insights from a structural field study in Jabal Akhdar (Oman Mountains)[END_REF]. The pelagic sediments of the Turonian to Santonian Muti (or lower Fiqa) Formation were deposited in the foreland basin (Robertson, 1987b;[START_REF] Rabu | Sedimentary aspects of the Eo-Alpine cycle on the northeast edge of the Arabian platform[END_REF][START_REF] Le Nindre | Subsidence modelling of the Arabian Platform from Permian to Paleogene outcrops[END_REF]. The Natih Formation is cut by numerous normal faults that are imaged on seismic profiles, and they either die-out in, or are sealed by, the unconformable deposits of the Muti Formation [START_REF] Boote | Structural evolution of the Suneinah Foreland, Central Oman Mountains[END_REF]. These faults are related to the bending of the platform in response to the crustal loading by the nappe stack [START_REF] Boote | Structural evolution of the Suneinah Foreland, Central Oman Mountains[END_REF][START_REF] Warburton | The evolution of the Oman Mountains foreland basin[END_REF][START_REF] Breton | Eoalpine (Cretaceous) evolution of the Oman Tethyan continental margin: insights from a structural field study in Jabal Akhdar (Oman Mountains)[END_REF]. Nappe emplacement in the foreland basin ceased in the latest Santonianearly Campanian times. The deformation was sealed by the middle Campanian beds of the Fiqa (or upper Fiqa) Formation, which rests on the front nappes (Mann and Hanna, 1990). After emplacement of the Samail Ophiolite, shallow-marine sedimentation resumed and carbonates were deposited by successive transgressions during Maastrichtian to late Eocene times [START_REF] Nolan | Maastrichtian to Early Tertiary stratigraphy and paleogeography of the Central and Northern Oman Mountains[END_REF][START_REF] Skelton | The Maastrichtian transgression onto the Northwestern frank of the Proto-Oman Mountains: sequences of rudist-bearing beach to open shelf facies[END_REF]Le Métour et al., 1995b). Afterwards, the Arabian Platform was largely emergent from late Eocene to early Miocene times.

In eastern Oman, the Masirah Ophiolite represents relicts of Upper Jurassic oceanic crust formed at the latitude of the Somali Basin, between the Indian-Madagascar and Arabian-African plates [START_REF] Gnos | Formation and evolution of the Masirah ophiolite constrained by paleomagnetic study of volcanic rocks[END_REF][START_REF] Gnos | Late Cretaceous/early Tertiary convergence between the Indian and Arabian plates recorded in ophiolites and related sediments[END_REF]. It was emplaced along the eastern Oman margin in the Masirah Island and Ra's Madrakah area during late Maastrichtian-Paleocene times (Figure 2b;[START_REF] Beurrier | Géologie de la nappe ophiolitique de Semail dans les parties orientales et centrales de l'Oman[END_REF][START_REF] Mountain | A multiphase plate tectonic history of the southeast continental margin of Oman[END_REF][START_REF] Shackleton | Tectonics of the Masirah Fault Zone and eastern Oman[END_REF][START_REF] Smewing | Formation and emplacement ages of the Masirah ophiolite, Sultanate of Oman[END_REF][START_REF] Peters | Formation and evolution of the Masirah Ophiolite (Sultanate of Oman)[END_REF][START_REF] Schreurs | West-northwest directed obduction of the Batain Group on the eastern Oman continential margin at the Cretaceous-Tertiary boundary[END_REF][START_REF] Peters | Formation and evolution of the western Indian Ocean as evidenced by the Masirah ophiolite: A review[END_REF]. Ophiolite emplacement postdated the deposition of the upper Maastrichtian Fayah flysch unit on the oceanic crust [START_REF] Immenhauser | Cretaceous sedimentary rocks on the Masirah Ophiolite (Sultanate of Oman); evidence for an unusual bathymetric history[END_REF], and predated the deposition of the unconformable Eocene to lower Oligocene autochtonous deposits above the ophiolite sequence (Le Métour et al., 1992a;[START_REF] Peters | Geological Map of Masirah North and Masirah South. Sheet K768-North and Sheet K768-South[END_REF]. The late Maastrichtian-Paleocene time span of obduction coincides with the start of accretion on the Carlsberg Ridge [START_REF] Royer | Paleogene plate tectonic evolution of the Arabian and Eastern Somali basins[END_REF]. The Masirah oceanic crust (which later became the Masirah Ophiolite) thus formed earlier than the Samail oceanic crust of northern Oman, and was obducted later, during the northward drift of the Indian Plate along the eastern margin of the Arabian-African Plate.

In the Gulf of Aden, rifting started in the Oligocene Epoch and continued until the early Miocene time (Figure 2c; [START_REF] Roger | Données nouvelles sur la stratigraphie et l'histoire géologique du Dhofar (Sultanat d'Oman)[END_REF][START_REF] Watchorn | Rift-related sedimentation and stratigraphy, southern Yemen (Gulf of Aden)[END_REF]. Rifting induced the formation of a series of grabens along the Gulf of Aden [START_REF] Beydoun | Southern Arabia and Northern Somalia: comparative geology[END_REF][START_REF] Beydoun | The Gulf of Aden and northwest Arabian Sea[END_REF][START_REF] Tamsett | Comments on the development of rifts and transform faults during continental breakup; examples from the Gulf of Aden and northern Red Sea[END_REF][START_REF] Platel | Evolution géodynamique du Dhofar (Sultanat d'Oman) pendant le Crétacé et le Tertiaire en relation avec l'ouverture du golfe d'Aden[END_REF][START_REF] Abbate | Tertiary basins in the Northern Somalia continental margin: their structural significance in the Gulf of Aden rift system[END_REF][START_REF] Fantozzi | Tectonic and sedimentary evolution of the eastern Gulf of Aden continental margins: new structural and stratigraphic data from Somalia and Yemen[END_REF]. These grabens accumulated calciturbidites of the Chattian to Burdigalian Mughsayl Formation representing typical synrift deposits with slumps, megabreccia, debris flows, and olistolitic material [START_REF] Roger | Données nouvelles sur la stratigraphie et l'histoire géologique du Dhofar (Sultanat d'Oman)[END_REF]. Two directions of extension prevailed during the rifting: (1) a N20°E direction, parallel to the direction of opening of the Gulf of Aden; and (2) a N150°E direction, perpendicular to the N75°E mean trend of the Gulf of Aden [START_REF] Lepvrier | Cenozoic extension in coastal Dhofar (southern Oman): Implications on the oblique rifting of the gulf of Aden[END_REF][START_REF] Huchon | Rotation of the syn-rift stress field of the northern Gulf of Aden margin, Yemen[END_REF][START_REF] Fournier | Oblique rifting and segmentation of the NE Gulf of Aden passive margin[END_REF]. The start of oceanic spreading occurred at about 18 Ma [START_REF] Sahota | Geophysical investigations of the Gulf of Aden Continental Margins: Geodynamic implications for the Development of the Afro-Arabian Rift System[END_REF][START_REF] Leroy | From rifting to spreading in the eastern Gulf of Aden: a geophysical survey of a young oceanic basin from margin to margin[END_REF] and is currently active at a rate of 2.2 cm/year along N25°E at the longitude of Dhofar [START_REF] Fournier | Reappraisal of the Arabia-India-Somalia triple junction kinematics[END_REF].

In northern Oman, compression resumed after a period of stable carbonate sedimentation and is recorded by a change of sedimentation in the upper Early Miocene to Pliocene deposits of the Fars

Group: from open to shallow-marine carbonates, and to evaporitic and continental molasse deposits.

The autochtonous sedimentary cover, allochtonous nappes complex and the neoautochtonous sedimentary cover were affected both in the axial zone (Saih Hatat, Jabal Akhdar, Hawasina window, Musandam Peninsula; Figure 1) and the foreland basin of the Oman Mountains (Salakh Arch) by large-scale folding, short-distance thrusting, and uplift [START_REF] Searle | Sedimentological and structural evolution of the Arabian continental margin in the Musandam Mountains and Dibba Zone, United Arab Emirates[END_REF][START_REF] Michard | Obduction related planar and linear fabrics in Oman[END_REF][START_REF] Searle | Sequence of thrusting and origin of culminations in the northern and central Oman Mountains[END_REF][START_REF] Poupeau | Late thermal evolution of the Oman Mountains subophiolitic windows : apatite fission-track thermometry[END_REF][START_REF] Mount | Regional structural style of the central and southern Oman mountains: Jebel Akhdar, Saih Hatat, and the northern Ghaba Basin[END_REF][START_REF] Lazki | A crustal transect across the Oman Mountains on the eastern margin of Arabia[END_REF]. All these broad structures indicate that only limited horizontal shortening occurred. Cenozoic compressional deformation is evident in the northernmost Oman Mountains and the Musandam Peninsula, where it can be correlated to the Zagros collision belt in Iran (Ricateau and Riché, 1980;[START_REF] Searle | Sedimentological and structural evolution of the Arabian continental margin in the Musandam Mountains and Dibba Zone, United Arab Emirates[END_REF][START_REF] Searle | Thrust tectonics of the Dibba zone and the structural evolution of the Alabian continental margin along the Musandam Mountains (Oman and United Arab Emirates)[END_REF][START_REF] Boote | Structural evolution of the Suneinah Foreland, Central Oman Mountains[END_REF][START_REF] Regard | Cumulative right-lateral fault slip rate across the Zagros-Makran transfer zone: role of the Minab-Zendan fault system in accommodating Arabia-Eurasia convergence in southeast Iran[END_REF][START_REF] Kusky | Tertiary-Quaternary faulting and uplift in the northern Oman Hajar Mountains[END_REF]. In the Musandam area, the shortening postdates the middle Eocene [START_REF] Searle | Sedimentological and structural evolution of the Arabian continental margin in the Musandam Mountains and Dibba Zone, United Arab Emirates[END_REF][START_REF] Searle | Sequence of thrusting and origin of culminations in the northern and central Oman Mountains[END_REF] and predates the deposition of upper Miocene strata.

The upper Miocene units seal the folds and reverse faults on seismic profiles (Ricateau and Riché, 1980). In the central part of the Oman Mountains, compression may have been initiated as early as the late Oligocene, as suggested by the rapid uplift of the Jabal Akhdar between 30 and 25 Ma documented by apatite fission tracks data [START_REF] Mount | Regional structural style of the central and southern Oman mountains: Jebel Akhdar, Saih Hatat, and the northern Ghaba Basin[END_REF]. In the eastern part of the Oman Mountains, the start of the compression is dated as late Burdigalian and corresponds to the tectonic inversion of the Abat Basin and Qalhat fault (Wyns et al., 1992b). Thus, the start of the compression in the Oman Mountains immediately followed, or was coeval with the end of, the late Oligocene to early Miocene rifting in the Gulf of Aden. Compressional deformation continued until the Pliocene Epoch and is recorded in the Mio-Pliocene deposits of the Barzaman Formation in the Salakh Arch (Figure 1; [START_REF] Mercadier | Fracture patterns of Natih Formation Outcrops and their implications for Reservoir Modelling of the Natih Field, North Oman[END_REF]Wyns et al., 1992a).

The process responsible for the shortening in the northern Oman Mountains, in the framework of the Arabia-Eurasia convergence, has not been clearly identified and documented. North of the Oman Mountains, the convergence between the Eurasian and Arabian plates is absorbed by the Makran subduction zone since the Eocene Epoch [START_REF] White | Tectonics of the Western Gulf of Oman[END_REF][START_REF] Mccall | Trench -Forearc geology: and Forearc sedimentation and tectonics on modern and ancient active plate margins[END_REF][START_REF] Vernant | Present-day crustal deformation and plate kinematics in the Middle East constrained by GPS measurements in Iran and northern Oman[END_REF]. The oceanic crust in the Gulf of Oman, which is a remnant of the Neo-Tethys Ocean, is being subducted northwards beneath the Makran accretionary wedge. Further to the northwest in the Zagros Mountains, the convergence is absorbed by the Arabia-Eurasia continental collision, which started in the Oligocene Epoch (Figure 2c; [START_REF] Ross | The geology of the Persian Gulf: Gulf of Oman region: A synthesis[END_REF][START_REF] Allen | Late Cenozoic reorganization of the Arabia-Eurasia collision and the comparison of short-term and long-term deformation rates[END_REF][START_REF] Agard | Convergence history across Zagros (Iran): constraints from collisional and earlier deformation[END_REF]. [START_REF] Boote | Structural evolution of the Suneinah Foreland, Central Oman Mountains[END_REF] proposed that the Musandam Peninsula acted as a rigid indentor of the Arabian Plate, focusing compression and transmitting it back into northern Oman. Alternatively, [START_REF] Hanna | The Alpine deformation of the central Oman Mountains[END_REF] interpreted the Cenozoic deformation in the central part of the northern Oman Mountains as the result of gravitational collapse. This latter explanation cannot account for most of the compressional structures observed in the Cenozoic units.

Besides these major compressional geodynamic events, extension occurred in the Oman Mountains after the obduction of the Samail Ophiolite and prior to the re-establishment of compressional conditions in the late Oligocene time (Mann et al., 1990). This extensional stage followed exhumation of the high-pressure, low-temperature rocks in the Saih Hatat dome accommodated by ductile extension [START_REF] Lippard | Cretaceous high pressure metamorphism in NE Oman and its relationship to subduction and ophiolite nappe emplacement[END_REF][START_REF] Goffé | A case of obduction-related high pressure, low temperature matamorphism in upper crustal nappes, Arabian continental margin, Oman: P-T paths and kinematic interpretation[END_REF][START_REF] Michard | Late Cretaceous exhumation of the Oman blueschists and eclogites: A two-stage extensional mechanism[END_REF][START_REF] Searle | Structure and metamorphism of blueschisteclogite facies rocks from the northeastern Oman Mountains[END_REF][START_REF] Searle | Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, Oman mountains[END_REF][START_REF] Chemenda | Continental subduction and a mechanism for exhumation of high-pressure metamorphic rocks: New modelling and field data from Oman[END_REF][START_REF] Jolivet | Detachments in high-pressure mountain belts, Tethyan examples[END_REF]Miller et al., 1998;[START_REF] Searle | Tectonic setting, origin, and obduction of the Oman ophiolite[END_REF][START_REF] Gray | Transition from subduction-to exhumation-related fabrics in glaucophane-bearing eclogites, Oman: evidence from relative fabric chronology and 40Ar/39Ar ages[END_REF]. In the Central Oman Mountains, the extensional tectonics were recognized from the observation of normal faults putting into contact the post-nappes sedimentary deposits and the autochtonous series or the ophiolites; for example, in the Batinah Coast Plain and the Rusayl Embayment (Figure 1; Mann et al., 1990). Extension is also expressed offshore by normal faults affecting the Arabian continental margin of the Gulf of Oman (Mann et al., 1990). This extension is associated with basin development and controls the deposition of the Upper Cretaceous-lower Cenozoic sedimentary series [START_REF] Nolan | Maastrichtian to Early Tertiary stratigraphy and paleogeography of the Central and Northern Oman Mountains[END_REF].

TECTONO-STRATIGRAPHIC SETTING OF THE

POST-NAPPE SEDIMENTARY UNITS

Upper Cretaceous and Cenozoic post-nappe units are exposed along the periphery of the Oman Mountains (Figure 1). These sedimentary units unconformably overlie, or are in fault contact with, the nappes or their autochtonous substratum. In the central Oman Mountains, the post-nappe sedimentary cover is exposed on the northern and southern flanks of the Hawasina and Jabal Akhdar tectonic windows, in the Batinah Coastal Plain and the Suneinah Foreland Basin, respectively (Figure 1). Further to the east, several isolated basins occur in the area of Muscat to the west of the Saih Hatat culmination, including the Rusayl Embayment, the Fanjah Graben, and the Bandar Jissah Basin. The largest exposures of post-nappe series are found in the eastern Oman Mountains between Quryat and Sur, in the Jabal Bani Jabir (Figure 1). The Jabal Bani Jabir rises up to 2,000 m and represents an uplifted platform of Upper Cretaceous and Cenozoic rocks, bounded by the Ja'alan Fault to the southwest and the Qalhat Fault to the east (Figure 4). During the deposition of the Paleogene series, these faults were active as normal faults, and during the Late Cenozoic they were reactivated as reverse faults. The Jabal Bani Jabir is deeply incised by numerous wadis, providing good exposures.

Other outcrops are present to the north of the Batain Plain near Ras al Hadd, and on the flanks of Jabal Ja'alan.

The basal units of the neo-autochtonous series consist of continental terrigeneous alluvial fan deposits with coarse conglomerate and sandstone of the late Campanian to Maastrichtian Qahlah Formation (Aruma Group; Figure 3) [START_REF] Nolan | Maastrichtian to Early Tertiary stratigraphy and paleogeography of the Central and Northern Oman Mountains[END_REF][START_REF] Béchennec | Geological map of Seeb[END_REF]. The clasts of the conglomerates come from progressively deeper crustal levels, including ophiolitic, carbonate, and finally metamorphic rock fragments from the Saih Hatat dome (Mann et al., 1990). The vertical sequence of these clasts attests to the progressive uplift and erosion of the northern Oman Mountains during the late Campanian-early Maastrichtian times. The Qahlah Formation is overlain by the carbonate platform sediments of the late Maastrichtian rudist-bearing Simsima Formation [START_REF] Glennie | Geology of the Oman Mountains[END_REF][START_REF] Béchennec | Geological map of Seeb[END_REF]. These shelf deposits correspond to an open-marine facies and pass eastwards to a slope facies of debris-flow and turbiditic deposits of the Hasad and Fayah formations, respectively (Figure 5; [START_REF] Roger | Geological map of Ja'alan[END_REF][START_REF] Immenhauser | Late Paleozoic to Neogene geodynamic evolution of the northeastern Oman margin[END_REF]. The deeper marine conditions resulted from the collapse of the basin margin through normal faults.

Shallow-marine sedimentation prevailed as soon as the early Danian with the deposition of the carbonate series of the Hadhramaut Group during three transgressive-regressive cycles. The first cycle is represented by the restricted Murka platform of Danian age (Figures 3 to 5). The second cycle is dominated by the carbonate platform of the Thanetian-Ypresian Jafnayn Formation (Figure 5; Wyns et al., 1992b). The Jafnayn Formation is up to 500 m thick and is coeval to the Umm Er Radhuma Formation in Interior Oman. In the Bandar Jissah Basin, the base of the Jafnayn Formation is represented by continental conglomerates resting directly on the ophiolites. The Jafnayn Formation is overlain by the restricted marine deposits of the 150-m-thick Rusayl Formation. The third cycle is characterized by the deposition of the Lutetian-Bartonian Seeb Formation [START_REF] Nolan | Maastrichtian to Early Tertiary stratigraphy and paleogeography of the Central and Northern Oman Mountains[END_REF], which consists in shelf carbonate deposits, up to 600 m thick in the Jabal Bani Jabir. The Seeb Formation is a local equivalent of the Damman Formation in Interior Oman.

In the southeastern Oman Mountains, between Sur and Muscat, the Paleocene-Eocene period is marked by extensional tectonics that created the Abat Basin in the northeastern continental margin of Oman opened towards the Gulf of Oman. The platform sediments of the Jafnayn Formation pass eastward to deeper basinal facies with hemipelagic mudstones and intercalated turbidites of the Abat Formation (up to 700 m thick; Figure 5). Similarly, during the deposition of the Lutetian to Bartonian platform carbonates of the Seeb Formation, deeper pelagic and turbiditic deposits of the Musawa Formation (up to 1,100 m thick) filled the Abat Basin.

The Dhofar Group is well developed in the Abat Basin with the 1,000-m-thick debris flow and turbiditic deposits of the Priabonian to Chattian Tahwah Formation (Wyns et al., 1992b). On the Muscat-Tiwi Platform and in the area southeast of Sur, the Dhofar Group is represented by the carbonate shelf facies of the Priabonian Shama Formation (less than 100 m thick).

Following the deposition of the Dhofar Group, the early Miocene to Pliocene Fars Group was deposited in regressive marine to continental settings. The fan-delta facies deposits of the Burdigalian Sur Formation overlie the Tahwah Formation (Figure 3). In the area of Sur, the formation displays important lateral facies variations and progressive unconformities, attesting of synsedimentary compressional deformation in relation with the inversion of the Qalhat Fault (Wyns et al., 1992b). The conglomeratic fan delta sequence of the Salmiaya Formation was deposited above the Sur Formation, in turn overlain by the continental molasse deposits of the Barzaman Formation of middle Miocene to Pliocene age [START_REF] Maizels | Plio-Pleistocence raised channel systems of the western Sharqiya (Wahiba), Oman[END_REF][START_REF] Béchennec | Geological map of Seeb[END_REF].

POST-NAPPES DEFORMATION IN THE CENTRAL AND EASTERN OMAN MOUNTAINS

In the areas of Muscat (Rusayl Embayment, Fanjah Graben, Bandar Jissah Basin), Jabal Bani Jabir, and near Ibri and Dank (Figure 1), about 500 striated fault planes and tectonic joints were examined in 30 localities (Table 1). Based on the collection and inversion of fault-slip data, the orientation of the principal stress axes was determined using computer-aided methods developed by [START_REF] Angelier | Tectonic analysis of fault slip data sets[END_REF]. In some localities the observed fault-slip data sets were too complex to be interpreted by a single stress tensor. They are the result of superimposed distinct tectonic events. For such data sets it was necessary to separate homogeneous subsets into groups A or B (Sites 15,16,29,30,31,33,36,38,42,43,45,and 47 in Table 1). Sorting was done in three ways:

1. (1)
at sites where all fault planes are of the same type (e.g. dip-slip normal faults), they were sorted according to strike (e.g. Site 42A and 42B);

2.

(2) at sites where two different types of fractures are observed (e.g. normal and strike-slip faults), the two subsets were distinguished in case the fractures are not compatible (e.g. Site 43A and 43B);

3. (3) in some exposures, conjugate normal faults have been reactivated as oblique-slip faults (Sites 16A, 31A, and 39) making the chronology of events obvious.

In localities with scarce or non-existing fault-slip data, stress inversion is not possible. In these cases the principal axes of deformation was deduced from the geometric pattern of tectonic joints [START_REF] Hancock | Brittle tectonics: Principles and practice[END_REF]. [Comment 14: questionable] To allow a comparison between the stress axes deduced from fault-slip inversion and the deformation axes deduced from joint geometry, we assumed that the principal stress axes 1 , 2 , and 3 are parallel to the shortening, intermediate and extension axes, respectively.

Late Cretaceous to Early Eocene ENE-WSW Extension (Tectonic Stage 1)

An The Upper Cretaceous Hasad Formation crops out in Jabal Ja'alan and is affected to the north by the NW-trending Ja'alan Fault (Figure 6). The Hasad Formation consists of limestone with associated coarse tectonic breccias and is cut by synsedimentary NW-trending normal faults. These faults are subparallel to the Ja'alan Fault and indicate a NE-trending extension (N49°E at Site 13A and N51°E at Site 33A). Further north, Jabal Bani Jabir is dissected at map scale by a system of NW-trending normal faults that progressively downthrow the sedimentary series toward the shore. The Abat Basin is related to the activity of these faults, including the Ja'alan and Qalhat faults (Figure 5). In the area of Abat and Qalhat, NW-trending normal faults have been measured in the Murka Formation (Sites 15A

and 21; see Site 15A in Figure 7a). They document a NE-trending extension (N45°E in Sites 15A). A similar set of NW-striking conjugate normal faults is observed in the Jafnayn Formation near Tiwi (Site 23; Figure 7b) and Umq (Site 24; Figure 7c). The related directions of 3 are N53°E and N46°E, respectively.

The investigation of the lower part of the post-nappe series identifies the extensional tectonic activity, hereafter referred to as "Tectonic Stage 1", which prevailed in the Late Cretaceous during the deposition of the Qahlah and Hasad formations. Tectonic Stage 1 persisted until early Eocene (Ypresian) during the deposition of the Jafnayn Formation. The timing of the tectonic activity is attested by the synsedimentary character of faults in the Qahlah, Hasad, and Jafnayn formations [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF]. Extension was accommodated by NW to N-trending normal faults indicating an ENE extension (from N45°E to N72°E). Northwest to N-trending synsedimentary faults are not observed in younger formations.

Record of Two Post-Eocene Extensions (Tectonic Stages 2A and 2B)

N20°E Extension (Tectonic Stage 2A)

Fractures relevant to a NNE-SSW tensional stress field have been found throughout all the sedimentary succession from the Upper Cretaceous to the Oligocene formations. In the Fanjah Graben, minor faults have been measured in the Qahlah Formation in a quarry which dominates the highway (Site 31; Figure 8). The Qahlah Formation, which overlies the ophiolite, dips 20° toward the south and exhibits tilted blocks bounded by normal faults (Figure 7d). Two sets of normal faults can be The NNE-SSW-oriented extension is also documented in more recent formations. A set of WNWtrending conjugate normal faults have been measured in the Abat Formation (Sites 36A and 38A;

Figure 8) and in the Jafnayn Formation in the vicinity of the Ja'alan Fault (Site 32). They indicate a direction of extension that is oriented NNE-SSW (N22°E in Site 36A). The overlying Rusayl Formation is also affected by this extension (Sites 30A and 43A). E-W to NW-trending conjugate normal faults provide a NNE-SSW direction of extension (N24°E in Site 30A and N13°E in Site 43A). At Site 43A near Al Khawd, the strata of the Rusayl Formation dip about 60° toward the northeast and the normal faults have been tilted together with the strata (Figure 7e). This indicates that normal faulting preceded folding and tilting of the strata. Similar sets of normal faults have been found in the Oligocene Shama (Site 20) and Tahwah formations (Site 35), but the fault planes do not exhibit preserved striation. A NNE-SSW direction of extension can only be inferred from these data.

N150°E Extension (Tectonic Stage 2B)

A distinct NNW-SSE direction of extension is also evident in the post-nappe cover (Figure 9). This extension is recorded by ENE-trending normal faults throughout the sedimentary pile, from the lowermost Qahlah and Hasad formations up to the Eocene Seeb Formation. Near Ghallah in the Rusayl Embayment, the Qahlah conglomerates and sandstones are affected by ENE-trending conjugate normal faults that indicate a N152°E direction of extension (Site 42B). In the nearby Jafnayn Formation, NE-oriented normal faults document a N141°E direction of extension (Sites 29B and 8). In the vicinity of Muscat, the Jafnayn Formation, which crops out in Al Qurum, also displays ENEtrending conjugate normal faults giving a N163°E direction of extension (Site 47A). Further east along the road to Qantab (Bandar Jissah Basin), the Jafnayn Formation lies unconformably above the ophiolite through a basal conglomerate (Site 45A; Le [START_REF] Le Métour | Geological map of Masqat and Quryat, sheets NF40-4A[END_REF]. The sedimentary contact is nearly horizontal. NE-trending normal faults have been measured in this formation, providing a NW-

SE direction of extension (N127°E).

In Jabal Ja'alan, the same extension is documented in the Hasad Formation by the existence of NE-SW non-striated faults (Site 33B). At the northeastern corner of the Arabian Peninsula, in the eastern part of the Batain Plain, the Seeb Formation is exposed along the seashore. It consists in a subhorizontal calcareous and siliceous succession giving rise to prominant cliffs. It is cut by numerous and regularly spaced ENE to NE-trending normal faults with throws of the order of 50 cm to 1-2 meters. Although no striation has been preserved on these fault planes, a NNW-SSE to NW-SE direction of extension can be inferred.

In summary, two directions of extension have been identified in the neoautochtonous series of the Oman Mountains, with a N20°E (from N13°E to N38°E) and a N150°E (from N127°E to N163°E) mean trend. These phases of extension, which are recorded in the upper Eocene and Oligocene formations, postdate the Late Cretaceous to early Eocene ENE-WNW extensional event (Tectonic Stage 1). This is further confirmed by the reactivation of normal faults from the ENE-WNW extensional phase during the N20°E extensional phase. The two N20°E and N150°E directions of extension have never been observed in the same locality and no relative chronology between the two phases could be determined. That is why they are referred to as "Tectonic Stages 2A and 2B", respectively.

We have identified three distinct episodes of normal faulting in northern Oman between the Late Cretaceous and the Oligocene times, with three different directions of extension. Our results significantly differ from those of [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF], who concluded that a multidirectional (radial) extensional event occurred during the same period. [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF] combined different types of faults with different trends in the same stereodiagrams to arrive at an interpretation that is here considered incorrect.

Early Miocene Inversion and Compression (Tectonic Stage 3)

In numerous localities of the Oman Mountains, strike-slip and reverse faults are observed in the postnappe units (Figure 10; [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF]. They document a strike-slip or compressional stress regime,

with an E-W to NE-SW mean direction of compression ( 1 ), perpendicular to fold axes.

In the area of Muscat, three sites display conjugate sets of strike-slip faults in the Jafnayn Formation (Sites 41, 45B, and 47B). The right-lateral faults trend NE-SW and the left-lateral faults trend about E-W. Stress inversion gives Hmax = 1 trending ENE-WSW (between N54°E and N85°E). Along the highway to Qantab, the compression is spectacularly expressed by the basal truncation of the Jafnayn beds that are thrusted over the ophiolite (Figure 7f). Two kilometres away (at Site 45), the Jafnayn Formation lies unconformably above the ophiolite through a stratigraphic contact. Further west in the Rusayl Embayment, strike-slip faults are observed in the Rusayl Formation (Sites 30B and 43B). In the vicinity of Al Khawd (Site 43B), compatible strike-slip and reverse faults document a NE-SW (N41°E) compression perpendicular to the trend of the folded beds. At this locality, normal faults pertaining to the NNE-SSW extensional stress field (Tectonic Stage 2A) have been tilted with the beds (Figure 7e).

The compression therefore postdates the extensional phase.

In the eastern Oman Mountains, the Murka Formation is affected by low-angle reverse faults associated with compatible strike-slip faults (Sites 15B and 16B; Figure 10), which indicate an ENEdirected compression (N82°E and N81°E, respectively). In the overlying Abat and Jafnayn formations (Sites 22, 36B, and 38B), E-W to NE-SW compression is also expressed by reverse and strike-slip conjugate faults.

In the area of Dank and Ibri at the southwestern front of the Oman Mountains, the lower Eocene Umm

Er Radhuma Formation displays ENE-trending conjugate sets of reverse faults giving a N60°E and N32°E direction of compression (Sites 3 and 4; Figure 10). The compression is perpendicular to the axis of pluri-kilometric folds trending NW-SE. There, reverse faulting preceded folding since the faults have been tilted with the sedimentary beds (Table 1). At a regional scale, compression was responsible for the inversion of sedimentary basins that formed during the Late Cretaceous and early Cenozoic extensional phase. The bounding master faults of the Fanjah Graben and of the Rusayl Embayment, in the area of Al Khawd, were reactivated as strike-slip faults with a reverse component [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF]. In the region of Sur, the Qalhat Fault was inverted during the early Miocene, as evidenced by the synsedimentary angular unconformities in the lower Miocene Sur Formation in the vicinity of the fault (Wyns et al., 1992b). The compression thus started during the early Miocene in this area. Further west, the uplift of the Jabal Akhdar between 30 and 25 Ma, as documented by apatite fission tracks data, even suggests a late Oligocene age for the beginning of the compression [START_REF] Mount | Regional structural style of the central and southern Oman mountains: Jebel Akhdar, Saih Hatat, and the northern Ghaba Basin[END_REF].

At the southern front of the Oman Mountains, the compressional deformation is recorded in the Mio-Pliocene Barzaman Formation by folds and reverse faults associated with the formation of the "whaleback" anticlines of the Salakh Arch [START_REF] Mercadier | Fracture patterns of Natih Formation Outcrops and their implications for Reservoir Modelling of the Natih Field, North Oman[END_REF]Wyns et al., 1992a). There, the direction of compression is oriented almost N-S, perpendicular to the anticline axes [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF].

The compressional phase is revealed by the strike-slip and compressional paleostress tensors. The tensors display a similar direction of compression and apparently reflect a single transpressional deformation regime. However, considering all the local stress tensors computed for the Oman Mountains, the direction of compression varies from E-W to NE-SW (from N94°E at Site 38B to N32°E at Site 4), and even to N-S taking into account the Pliocene directions of compression determined in the Salakh Arch [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF]1996). The different directions of compression could reflect two successive phases of compression, a first phase oriented E-W to NE-SW of Early Miocene age and a second phase oriented N-S to NNE-SSW of Pliocene age. Alternatively, [START_REF] Carbon | Tectonique post-obduction des montagnes d'Oman dans le cadre de la convergence Arabie-Iran[END_REF] suggested that the 1 trajectories at the regional scale could be sigmoidal, with local inflections across the main faults. Exhumation of high-pressure and low-temperature metamorphic units visible in the Saih Hatat window involved shallow-dipping NE-directed extensional shear zones (Figure 12; [START_REF] Searle | Structure and metamorphism of blueschisteclogite facies rocks from the northeastern Oman Mountains[END_REF][START_REF] Searle | Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, Oman mountains[END_REF][START_REF] Jolivet | Detachments in high-pressure mountain belts, Tethyan examples[END_REF][START_REF] Breton | Eoalpine (Cretaceous) evolution of the Oman Tethyan continental margin: insights from a structural field study in Jabal Akhdar (Oman Mountains)[END_REF]. The extensional nature of the shear zones is attested by the pressure gap recorded across each of them with a downward increase of pressure. Across each shear zone several kilobars are missing showing that a significant crustal thickness has been removed

SYNTHESIS OF FAULTING EPISODES AND GEODYNAMIC INTERPRETATION

during the formation of the shear zone [START_REF] Goffé | A case of obduction-related high pressure, low temperature matamorphism in upper crustal nappes, Arabian continental margin, Oman: P-T paths and kinematic interpretation[END_REF][START_REF] Searle | Structure and metamorphism of blueschisteclogite facies rocks from the northeastern Oman Mountains[END_REF]. Deformation within the shear zones evolved with time from ductile to brittle, implying that the temperature decreased during exhumation. At the top of the Saih Hatat metamorphic units, in the vicinity of Muscat, the Wadi Kabir Fault reworked the basal contact of the ophiolitic nappe as normal shear zone and afterward as a brittle normal fault offsetting the lower Eocene Jafnayn Formation [START_REF] Searle | Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, Oman mountains[END_REF]; Figure 12). There is thus a progressive transition in time from ductile "extensional" shear zones related to exhumation, to brittle faulting along the Wadi Kabir Fault coeval with normal faulting in the Maastrichtian to Early Eocene basins. The relative homoaxiality between the direction of the Late Cretaceous extension in the sedimentary basins and the direction of shear along the main shear zones responsible for exhumation (Figure 12) further suggest a strain continuum between exhumation and extension stage 1. Tectonic stage 1 thus appears as an episode of crustal thinning closely related (in time and kinematics) to the dynamics of exhumation of HP-LT units in the Saih Hatat window.

Following the first extensional stage, two N20°E and N150°E directed extensional phases were recorded in the lower Cenozoic series, including in the upper Eocene and lower Oligocene formations.

No chronology was observed in the field between these extensional phases. In northern Oman, the two extensional phases are generally expressed by outcrop-scale fractures and are not associated with major structures, such as large normal faults, grabens, or sedimentary basins. At the southern end of the Arabian Plate, the same N20°E and N150°E directions of extension were identified along the northern and southern margins of the Gulf of Aden in Oman [START_REF] Lepvrier | Cenozoic extension in coastal Dhofar (southern Oman): Implications on the oblique rifting of the gulf of Aden[END_REF][START_REF] Fournier | Oblique rifting and segmentation of the NE Gulf of Aden passive margin[END_REF], Yemen [START_REF] Huchon | Rotation of the syn-rift stress field of the northern Gulf of Aden margin, Yemen[END_REF], and Socotra Island (Fournier et al., submitted). They are associated with the Oligocene-Miocene rifting of the Gulf of Aden. Nowhere has it been possible to establish unambiguously a relative chronology between the two extensional phases [START_REF] Fournier | Oblique rifting and segmentation of the NE Gulf of Aden passive margin[END_REF]. These extensional phases have also been recognized in eastern Oman in the Huqf area [START_REF] Montenat | Aptian faulting in the Haushi-Huqf (Oman) and the tectonic evolution of the southeast Arabian platform-margin[END_REF][START_REF] Fournier | Comment on "Aptian faulting in the Haushi-Huqf (Oman) and the tectonic evolution of the southeast Arabian platform-margin[END_REF][START_REF] Bertotti | Stratigraphic and regional distribution of fractures in Barremian-Aptian carbonate rocks of Eastern Oman: outcrop data and their extrapolation to Interior Oman hydrocarbon reservoirs[END_REF] and Masirah Island [START_REF] Marquer | A new structural interpretation for the emplacement of the Masirah Ophiolites (Oman): A main Palaeocene intra-oceanic thrust[END_REF]. In eastern Saudi Arabia, a NNE-directed extension phase of Late Cretaceous to Eocene age has been documented in the central Arabian graben system [START_REF] Hancock | Regional joint sets in the Arabian platform as indicators of intraplate processes[END_REF]. Thus, a major part of the future Arabian Plate was under tension during the Early Cenozoic. This tension likely resulted from the gravitational force exerted on the Arabian-African Plate by the Neo-Tethys slab subducting under the Eurasian Plate [START_REF] Manighetti | Propagation of rifting along the Arabia-Soamalia plate boundary: The Gulfs of Aden and Tadjoura[END_REF][START_REF] Meijer | Cenozoic dynamics of the African plate with emphasis on the Africa-Eurasia collision[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF].

The diffuse extension observed in the Arabian Platform ultimately localized along the Red Sea and Gulf of Aden rifts in the Oligocene Epoch [START_REF] Platel | Evolution géodynamique du Dhofar (Sultanat d'Oman) pendant le Crétacé et le Tertiaire en relation avec l'ouverture du golfe d'Aden[END_REF][START_REF] Ghebreab | Tectonics of the Red Sea region reassessed[END_REF][START_REF] Watchorn | Rift-related sedimentation and stratigraphy, southern Yemen (Gulf of Aden)[END_REF], during the peak of activity of the Afar mantle plume [START_REF] Ebinger | Cenozoic magmatism throughout east African resulting from impact of a single plume[END_REF], and progressively induced the separation of the Arabian Plate from the African Plate. [START_REF] Bellahsen | Why did Arabia separate from Africa? Insights from 3-D laboratory experiments[END_REF] have shown with laboratory experiments that the interaction between far-field extensional forces and a weakness zone related to the Afar plume could produce a pattern of extension resembling the Red Sea-Gulf of Aden rift system.

Finally, fault-slip data demonstrate the existence of one or two late compressional events in the Oman Mountains. Compression started in the late Oligocene or early Miocene, shortly after the collision in the Zagros Mountains. The direction of compression documented by associated strike-slip and reverse

faults is E-W to NE-SW. The same direction has been recognized in Masirah Island and in southern Oman along the northern margin of the Gulf of Aden where it is expressed by conjugate sets of strikeslip faults documenting a strike-slip regional stress field with Hmax = 1 trending E-W to NE-SW [START_REF] Fournier | Oblique rifting and segmentation of the NE Gulf of Aden passive margin[END_REF]. At the scale of the Arabian Plate, the stress regime seems to change from transpressional to the north in the Oman Mountains, to purely strike-slip to the south in the Gulf of Aden area. This could reflect a decrease of the intensity of the compression away from Zagros collision zone. However, the E-W to NE-SW directions of compression recorded in the Arabian Plate are not parallel to the direction of convergence between the Arabian and Eurasian plates, which is nearly N-S [START_REF] Vernant | Present-day crustal deformation and plate kinematics in the Middle East constrained by GPS measurements in Iran and northern Oman[END_REF][START_REF] Regard | Cumulative right-lateral fault slip rate across the Zagros-Makran transfer zone: role of the Minab-Zendan fault system in accommodating Arabia-Eurasia convergence in southeast Iran[END_REF]. The origin of the E-W to NE-SW compression is therefore not entirely clear and could also result from the interaction between the Arabian and Indian Le Métour et al., 1992b), Seeb [START_REF] Béchennec | Geological map of Seeb[END_REF], and Sur (Wyns et al., 1992b). 

Figure captions

  average ENE-directed extension is documented in the central and eastern Oman Mountains in the basal levels of the post-nappe units (Upper Cretaceous Qahlah and Hasad formations). In the area of Muscat, several outcrops of the Qahlah Formation are exposed in the Rusayl Embayment near Ghallah and Al Khawd, and in the Fanjah Graben (Figure6). South of Ghallah (Sites 9 and 42), the strata of the Qahlah Formation strikes east and dips 25° to the south. The strata is cut by conjugate synsedimentary NW-trending normal faults that display dip-slip striations indicating a NE-SW extension (N48°E at Site 42A). West of this site, near the Oman Cement Factory, a complete section of the supra-ophiolite series from the Qahlah to Rusayl formations is exposed. A set of NNW to N-trending synsedimentary faults are observed in the reddish, coarse-grained conglomerates of lowermost Qahlah Formation, which dip about 40° southwest (Site 28). A NE-SW (N50°E) extension is computed after back-tilting at this site. At Site 29A near Sunub, ENE (N70°E) extension was accommodated by synsedimentary faults during the deposition of the Thanetian to Ypresian Jafnayn Formation.West of Muscat city, between Al Qurum and Mutrah, the highway cuts through small hills of calcareous and multi-coloured marly units of the Jafnayn Formation with detrital beds. At Site 40 the strata of the Jafnayn Formation strikes northwest and dips 25° to the west, and is in contact with the ophiolite along a N-trending fault. Numerous smaller normal faults, filled with fibrous gypsum, run parallel to the border fault. Gypsum-filled tensional gashes are also common at this site. Changes in bed thickness across the fault planes and the progressive upward reduction of throws indicates that these faults are synsedimentary. The stress tensor calculated at this site provides a direction of extension ( 3 ) oriented east-northeast (N72°E).

  distinguished: (1) faults parallel to the major border fault of the Fanjah Graben and trending about N100°E (Site 31B); and (2) NNW-trending faults (Site 31A). The N100°E conjugate dip-slip normal faults document a NNE-SSW-oriented extension. The NNW-trending faults are oblique normal faults and also indicate a NNE-SSW-oriented extension. Similar NNW-trending oblique normal faults that document a NNE-SSW direction of extension, have been observed in the Murka Formation in the vicinity of Tiwi and Abat in the eastern Oman Mountains (Sites 16A and 39 in Figure 8). These observations imply two extensional stages: (1) an older, ENE-WSW-oriented extensional stage that caused the NNW faulting (Tectonic Stage 1); and (2) a younger, NNE-SSW-oriented extensional phase that caused the ~N100°E normal faulting and the reactivation of the NNW-trending faults as oblique normal faults (Tectonic Stage 2A).

Figures

  Figures 11 and 12 provide a synthetic overview of the deformation in the central and eastern Oman Mountains since the Late Cretaceous. On the basis of field observations in the dated post-nappe formations, three main phases of deformation have been recognized; from the oldest to the youngest:

  plates. The deformation recorded in the Mio-Pliocene series at the southern front of the Oman Mountains indicates a rotation of the direction of compression from ENE-WSW to almost N-S.CONCLUSIONBased on kinematic analysis of fault sets in the post-nappe strata and reconstruction of paleostress tensors, this study provides a model for the tectonic evolution of northern Oman following the obduction of the Samail Ophiolite. During the Late Cretaceous and early Cenozoic times, northern Oman experienced extensional tectonics, which progressively led to the establishment and development of sedimentary basins. Stretching culminated in the early Eocene with the formation and deepening of the Abat Basin on the northeastern Oman margin. Extension, documented through numerous observations of synsedimentary faulting, was dominantly oriented in an ENE to NE direction. A second extensional stage, characterized by two N20°E and N150°E directions of extension, chronologically undistinguishable in the field, is recorded up to the Oligocene formations. These extensions have already been identified on the margins of the Gulf of Aden and correspond to the rifting of the Gulf of Aden. Compressional tectonics was initiated in northern Oman possibly as early as the late Oligocene coeval with the starting of the Arabia-Eurasia collision in the Zagros Mountains. Compatible reverse and strike-slip faults indicate a direction of compression between NE-SW and E-W, i.e. oblique to the Arabia-Eurasia direction of convergence. The origin of this oblique compression is not clearly established. The direction of compression evolved from E-W to NE-SW in the Early Miocene to almost N-S in the Pliocene.

Figure 1 :

 1 Figure1: Geological and structural map of the Oman Mountains after the 1:1,000,000 geological map of the Sultanate of Oman[START_REF] Béchennec | Explanatory Notes to the Geological map of the Sultanate of Oman, scale 1/1,000,000[END_REF]. Insert shows the geodynamic setting of the Arabian Plate. AOC, Aden-Owen-Carlsberg triple junction, configuration after[START_REF] Fournier | Reappraisal of the Arabia-India-Somalia triple junction kinematics[END_REF]; Mas, Masirah Island; OFZ, Owen fractue zone; Soc, Socotra Island.

Figure 2 :

 2 Figure 2: Late Cretaceous to Miocene geodynamic events in Oman. Paleogeographic reconstructions modified after Stampfli and Borel (2002) and Dercourt et al. (1993). (a) Late Cretaceous (Coniacian-Santonian) obduction of the Samail ophiolitic nappe onto the northeast margin of the Arabian Platform. (b) Obduction of the Masirah Ophiolite in eastern Oman at the Maastrichtian-Paleocene transition during the northward drift of the Indian Plate. (c) Oligocene to early Miocene rifting in the Gulf of Aden, formation of the Arabian Plate, and inception of the Arabia-Eurasia collision in the Zagros Mountains.

Figure 3 :

 3 Figure 3: Stratigraphic synthesis of the post-nappe sedimentary succession exposed in the central and eastern Oman Mountains from the Muscat to Sur, with indications on the main facies rocks and related domains of sedimentation.

Figure 4 :

 4 Figure 4: Perspective view from the southeast (N135°E) of northeastern coast of Oman between Surand Muscat (SRTM digital elevation model;[START_REF] Farr | Shuttle Radar Topography Mission produces a wealth of data[END_REF]. The elevated reliefs (greater than 2,000 m) of the Jabal Bani Jabir in the foreground, correspond to the Upper Cretaceous to Eocene series uplifted during the inversion of the northeast Oman margin in the late Cenozoic Era. The Jabal Bani

Figure 5 :

 5 Figure 5: Sedimentological evolution of the northeast Oman margin from Maastrichtian to Eocene.

Figure 6 :

 6 Figure 6: ENE-WSW extensional stress field recorded in the Upper Cretaceous to lower Eocene formations in the areas of Muscat and Sur (see the inserted location map). Synsedimentary normal faults observed in the Maastrichtian Qahlah and Hasad formations and in the Thanetian-Ypresian Jafnayn Formation document a Late Cretaceous to early Eocene ENE-WSW extensional phase. Stereonets show fault slip data in equal-area lower hemisphere projection and arrows indicate the trend of the horizontal principal stresses computed (solid arrows) or inferred (open arrows) fromfracture analysis. Stars in stereonets correspond to the principal stress axes: 1 (five branches), 2 (four branches), and 3 (three branches). Dashed line is for the bedding plane. Geological maps after the 1:250.000 geological maps of Muscat(Le Métour et al., 1992b), Seeb[START_REF] Béchennec | Geological map of Seeb[END_REF], and Sur

Figure 7 :

 7 Figure 7: Field photographs illustrating the style of deformation in the Upper Cretaceous to Eocene series of the Oman Mountains. (a) Major normal fault scarps in the Paleocene Murka platform in the area of Abat (Site 15A in Figure 6). (b) Conjugate normal faults in the Thanetian to Ypresian Jafnayn Formation near Tiwi (Site 23 in Figure 6). (c) Normal fault scarps in the Thanetian to Ypresian Jafnayn Formation near Umq (Site 24 in Figue 6). (d) Normal faults affecting the Maastrichtian Qahlah Formation in the Fanjah Graben (Site 31, location in Figure 8). (e) Tilted normal faults affecting the upper Ypresian Rusayl Formation in the area of Al Khawd (Site 43A in Figure 8, corrected from the tilt of the strata). (f) Basal truncature of the beds of the Jafnayn Formation lying above the ophiolite through a basal 30°-dipping tectonic contact, near Qantab.

Figure 8 :

 8 Figure 8: NNE-SSW (N20°E) extensional stress field recorded in the Upper Cretaceous to Oligocene formations in the areas of Muscat and Sur. In three sites (16A, 31A, and 39), conjugate NNW-SSE trending normal faults from the first extensional stage have been reactivated as oblique slip faults. Same legend as Figure 6.

Figure 9 :

 9 Figure 9: NNW-SSE (N150°E) extensional stress field recorded in the Upper Cretaceous to Oligocene formations in the areas of Muscat and Sur. Same legend as Figure 6.

Figure 10 :

 10 Figure 10: E-W to NE-SW (N90°E to N30°E) strike-slip or compressional stress field recorded in the Paleocene to Eocene formations in the areas of Muscat and Sur. Same legend as Figure 6.

Figure 11 :

 11 Figure 11: Synthesis of Late Cretaceous and Cenozoic brittle deformation in northern Oman. Three stages of deformation are identified: a Late Cretaceous to early Eocene WSW-ENE extension (Tectonic Stage 1), two N20°E (Tectonic Stage 2A) and N150°E (Tectonic Stage 2B) extensions of probable Oligocene age, and an E-W to NE-SW compression (Tectonic Stage 3) of early Miocene to Pliocene age.

Figure 12 :

 12 Figure 12: Kinematics and evolution of deformation in the central and eastern Oman Mountains since the Late Cretaceous. Map of ductile deformation in the Saih Hatat tectonic window (modified after Jolivet et al., 1998).
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