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Introduction

The Semail ophiolite (Oman and UAE) is an upper Cretaceous remnant of the vanished Tethys Ocean [START_REF] Ricou | Le croissant ophiolitique peri-arabe, une ceinture de nappes mises en place au Crétacé supérieur[END_REF][START_REF] Glennie | Late cretaceous nappes in Oman mountains and their geologic evolution[END_REF]. It is widely considered as a fossil analog of oceanic spreading centres, although its tectonic setting (mid-ocean ridge vs. subduction related) is still debated. Our understanding of the structure and dynamics of axial magma chambers has been largely nurtured by observations in its plutonic section. Surprisingly, a glance to the literature reveals that the petrologic nature of this unit has been determined in a limited number of spots. A bias clearly exists in favor of exposures of continuous and un-faulted sections of layered cumulates. More specifically, the plutonic section remains largely unexplored where it is adjacent to the thrust front of the Semail nappe. The complex structures observed there were interpreted in geological maps as an imprint of thin-skin tectonics related to the obduction or Wyns et al. (1992) and Béchennec et al. (1992). The orientation of the layering (averaged per site) is shown as grey symbols.

During the course of a systematic survey of the lower crustal cumulates of Oman, we observed, in the Bahla massif, very high temperature deformation structures along the mantlecrust boundary. Simple field and petrographic arguments allowed us to discard a late origin of these features which left the door open to two main avenues of interpretations: (1) the imprint of early intra-oceanic thrusting (that can be viewed as nascent subduction) in a near ridge environment (cf. [START_REF] Boudier | Shear Zones, Thrusts and Related Magmatism in the Oman Ophiolite: Initiation of Thrusting on an Oceanic Ridge[END_REF]; (2) the trace of syn-accretion faults reminiscent of those observed along present-day oceanic spreading centers (e.g. [START_REF] Blackman | Origin of extensional core complexes: Evidence from the Mid-Atlantic Ridge at Atlantis Fracture Zone[END_REF][START_REF] Dick | Plutonic foundation of a slow-spreading ridge segment: Oceanic core complex at Kane Megamullion, 23°30[END_REF][START_REF] Ildefonse | and Integrated Ocean Drilling Program Expeditions 304/305 Science Party. Oceanic core complexes and crustal accretion at slowspreading ridges[END_REF][START_REF] Escartin | Central role of detachment faults in accretion of slow-spreading oceanic lithosphere[END_REF][START_REF] Harigane | Deformation and hydrothermal metamorphism of gabbroic rocks within the Godzilla megamullion, Parece Vela Basin[END_REF][START_REF] Sauter | Sub-axial deformation of oceanic lower crust : insights from seismic reflection profiles in the Enderby basin and comparison with the Oman ophiolite[END_REF].

Here we present structural evidence allowing us to decipher between these two hypotheses. We also show that high temperature deformation may interfere with the petrological evolution of the lower crustal cumulates of Oman and account for some of their puzzling characteristics.

Tectonic setting of the Oman ophiolite: an open question

The Oman ophiolite is one of the largest fragment of oceanic lithosphere exposed on land.

It is particularly well preserved because it is not yet affected by continental collision between

Arabia and Eurasia (e.g. [START_REF] Coleman | Tectonic Setting for Ophiolite Obduction in Oman[END_REF]. Igneous accretion of the ophiolite occurred in a narrow time lapse (96.1 to 95.6 Ma, [START_REF] Rioux | Tectonic development of the Samail ophiolite: high precision U-Pb zircon geochronology and Sm-Nd isotopic constraints on crustal growth and emplacement[END_REF]Rioux et al., , 2021a)). This event was largely synchronous with the intra-oceanic thrusting of the future ophiolite. This is attested by the overlap between the accretion age and the age of the metamorphic sole [START_REF] Rioux | Synchronous formation of the metamorphic sole and igneous crust of the Semail ophiolite: new constraints on the tectonic evolution during ophiolite formation from high-precision U-Pb zircon geochronology[END_REF] and by structural and petrological evidence for the existence of segments of the spreading center itself preserved within the ophiolite [START_REF] Ceuleneer | Evidence for a paleo-spreading center in the Oman ophiolite: mantle structures in the Maqsad area[END_REF][START_REF] Ceuleneer | Mantle flow patterns at an oceanic spreading centre: the Oman peridotites record[END_REF][START_REF] Ceuleneer | Thermal structure of a fossil mantle diapir inferred from the distribution of mafic cumulates[END_REF]MacLeod and Rothery, 1992;[START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF]. The thrusting of the oceanic lithosphere on the continental margin was completed during Maestrichtian times (~70 m.y. ago) [START_REF] Glennie | Late cretaceous nappes in Oman mountains and their geologic evolution[END_REF]. Continental subduction preceded this event as witnessed by the high-pressure metamorphism that affected the northeastern tip of the Oman margin ~80 m.y. ago [START_REF] Goffé | A case of obduction-related high-pressure, lowtemperature metamorphism in upper crustal nappes, Arabian continental margin, Oman: P-T path and kinematic interpretation[END_REF][START_REF] Warren | Dating the subduction of the arabian continental margin beneath the Semail ophiolite[END_REF][START_REF] Gray | Sm-Nd and zircon U-Pb ages from garnet-bearing ecolgites, NE Oman: constraints on high-P metamorphism[END_REF][START_REF] Gray | Comment on "Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, 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] Yamato | high-precision P-T estimates for Oman blueschists : implications for obduction, nappe stacking and exhumation processes[END_REF].

The tectonic setting (subduction-related basins vs. more open ocean ridge segments) during the igneous accretion of the Oman ophiolite is a long-standing debate (e.g. [START_REF] Coleman | Tectonic Setting for Ophiolite Obduction in Oman[END_REF][START_REF] Pallister | Samail ophiolite plutonic suite: field relations, phase variations, cryptic variation and layering, and a model of a spreading Ridge magma chamber[END_REF][START_REF] Hopson | Geologic section through the Samail Ophiolite and associated rocks along the Muscat-Ibra transect, southeastern Oman Mountains[END_REF][START_REF] Pearce | The Oman Ophiolite as a Cretaceous Arc-Basin Complex: Evidence and Implications[END_REF][START_REF] Searle | Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, Oman mountains[END_REF][START_REF] Gray | Comment on "Structural evolution, metamorphism and restoration of the Arabian continental margin, Saih Hatat region, Oman mountains[END_REF][START_REF] Ishikawa | Trace element characteristics of the fluid liberated from amphibolite facies slab : inference from the metamorphic sole beneath the Oman ophiolite and implication for boninite genesis[END_REF][START_REF] Boudier | Dating the geologic history of Oman's Semail ophiolite: insights from U-Pb geochronology[END_REF][START_REF] Warren | Dating the geologic history of Oman's Semail ophiolite: Insights from U-Pb geochronology[END_REF][START_REF] Macleod | Moist MORB" axial magmatism in the Oman ophiolite: the evidence against a mid-ocean ridge origin[END_REF]Belgrano and Diamond, 2019;[START_REF] Graaf | Evidence for a moist to wet source transition throughout the Oman-UAE ophiolite, and implications for the geodynamic history[END_REF][START_REF] Agard | Stabilization: mechanisms controlling subduction development and viscous coupling[END_REF]. Plate tectonic reconstructions, imprecise during the Cretaceous normal magnetic superchron, are of little help to solve this specific problem [START_REF] Granot | Geomagnetic field variability during the Cretaceous Normal Superchron[END_REF]. The extrusive section of the ophiolite includes lavas with MORB and depleted andesitic affinities [START_REF] Alabaster | The volcanic stratigraphy and Petrogenesis of the Oman Ophiolite complex[END_REF][START_REF] Pearce | The Oman Ophiolite as a Cretaceous Arc-Basin Complex: Evidence and Implications[END_REF]. [START_REF] Ernewein | The death of an acretion zone as evidenced by the magmatic history of the Sumail ophiolite (Oman)[END_REF] introduced the notion of V1 and V2 episodes to refer respectively to these two igneous series, assuming that MORB lavas are overlain by the depleted andesitic lava flows, although the correlation between the geochemical signature and the stratigraphic position of the lavas is not perfect [START_REF] Einaudi | Magmatic cycles and formation of the upper oceanic crust at spreading centers : geochemical study of a continuous extrusive section in the Oman ophiolite[END_REF]Belgrano and Diamond, 2019). A similar petrological dichotomy between a MORB and a depleted andesitic kindred was also found in the mantle dykes, former feeding channels of the crustal section [START_REF] Benoit | The remelting of hydrothermally altered peridotite at mid-ocean ridges by intruding mantle diapirs[END_REF][START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF][START_REF] Python | Chromian spinels in mafic-ultramafic mantle dykes: Evidence for a two-stage melt production during the evolution of the Oman ophiolite[END_REF] and in the layered crustal cumulates themselves [START_REF] Smewing | Mixing characteristics and compositional differences in mantle-derived melts beneath spreading axis: evidence from cyclically layered rocks in the ophiolite of North Oman[END_REF][START_REF] Juteau | Duality of Magmatism in the Plutonic Sequence of the Sumail Nappe[END_REF][START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF][START_REF] Adachi | Geology and petrology of the plutonic complexes in the wadi Fizh area: multiple magmatic events and segment structure in the northern Oman ophiolite[END_REF][START_REF] Clénet | Thick sections of layered ultramafic cumulates in the Oman ophiolite revealed by an airborne hyperspectral survey: petrogenesis and relationship to mantle diapirism[END_REF]. The existence, if any, of a relative chronology (i.e. "P1 vs. P2") for the emplacement and crystallization of the two plutonic series is difficult to determine at the global scale, authors working on different outcrops and different lithologies reaching contrasted conclusions (e.g. [START_REF] Benoit | The remelting of hydrothermally altered peridotite at mid-ocean ridges by intruding mantle diapirs[END_REF][START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF][START_REF] Haase | Constraints on the magmatic evolution of the oceanic crust from plagiogranite intrusions in the Oman ophiolite[END_REF][START_REF] Goodenough | Records of ocean growth and destruction in the Oman-UAE ophiolite[END_REF][START_REF] Rospabé | Origin of the dunitic mantle-crust transition zone in the Oman ophiolite: The interplay between percolating magmas and high-temperature hydrous fluids[END_REF][START_REF] Graaf | Evidence for a moist to wet source transition throughout the Oman-UAE ophiolite, and implications for the geodynamic history[END_REF].

The spreading rate at the time of the igneous accretion of the Oman ophiolite is another open question. This parameter is largely unconstrained. Even if the context was clearly the one of high melt supply to the crust, this does not necessarily imply a high spreading rate. Structural evidence like mantle flow pattern [START_REF] Ceuleneer | Mantle flow patterns at an oceanic spreading centre: the Oman peridotites record[END_REF], the existence of a layered lower crustal section and of a well-developed sheeted dyke complex [START_REF] Hopson | Geologic section through the Samail Ophiolite and associated rocks along the Muscat-Ibra transect, southeastern Oman Mountains[END_REF][START_REF] Pallister | Samail ophiolite plutonic suite: field relations, phase variations, cryptic variation and layering, and a model of a spreading Ridge magma chamber[END_REF]Pallister, 1981) are not definitive arguments. Recently published high precision ages on plagiogranites and evolved oxide gabbro from the Wadi Tayin massif tend to support fast (≥ 5 cm.y -1 ) spreading rates during the accretion of this massif located in the internal and southeastern part of the ophiolite [START_REF] Rioux | Rapid crustal accretion and magma assimilation in the Oman-U.A.E. ophiolite : high precision U-Pb zircon geochronology of the gabbroic crust[END_REF].

The wealth of data obtained on the Oman ophiolite during the last decades reveals its heterogeneity and the complexity of its igneous history that may include assimilation of peridotite and/or formerly crystallized crust (e.g. [START_REF] Benoit | The remelting of hydrothermally altered peridotite at mid-ocean ridges by intruding mantle diapirs[END_REF][START_REF] Koepke | Petrogenesis of crustal wehrlites in the Oman ophiolite: experiments and natural rocks[END_REF][START_REF] Rioux | Rapid crustal accretion and magma assimilation in the Oman-U.A.E. ophiolite : high precision U-Pb zircon geochronology of the gabbroic crust[END_REF][START_REF] Abily | The dunitic mantle-crust transition zone in the Oman ophiolite: Residue of meltrock interaction, cumulates from high-MgO melts, or both?[END_REF][START_REF] Rospabé | Origin of the dunitic mantle-crust transition zone in the Oman ophiolite: The interplay between percolating magmas and high-temperature hydrous fluids[END_REF][START_REF] Rospabé | Extreme geochemical variability through the duntic transition zone of the Oman ophiolite: implications for melt/fluid-rock reactions at Moho level beneath oceanic spreading centers[END_REF], ridge propagation (e.g. [START_REF] Andronicos | Melt-filled hybrid fractures in the oceanic mantle : melt enhanced deformation during along-axis flow beneath a propagating spreading ridge axis[END_REF], syn-magmatic faults [START_REF] Abily | Syn-magmatic normal faulting in the lower oceanic crust: evidence from the Oman ophiolite[END_REF][START_REF] Rospabé | Melt hybridization and metasomatism triggered by syn-magmatic faults within the Oman ophiolite: a clue to understand the genesis of the dunitic mantlecrust transition zone[END_REF] and off-axis magmatism [START_REF] Jousselin | Oceanic ridge off-axis deep structure in the Mansah region (Sumail massif, Oman ophiolite)[END_REF][START_REF] Rioux | Tectonic development of the Samail ophiolite: high precision U-Pb zircon geochronology and Sm-Nd isotopic constraints on crustal growth and emplacement[END_REF]. Clearly, this diversity needs to be taken into account in the interpretation of the Oman ophiolite as a whole.

Methods

Electron microprobe

Major and minor element compositions of the main magmatic phases (olivine, clinopyroxene, orthopyroxene, plagioclase) were determined using the electron microprobe CAMECA SX50 at Toulouse University and CAMECA SX100 at Brest University. A standard analysis program with an accelerating voltage of 15 kV and a beam current of 10 to 20 nA was used. Counting time was 10 s on the peak and 5 s on the background. The detection limits were similar for both instruments with values of ~0.07% for Al2O3 and Na2O and ~0.09% for TiO2 and Cr2O3 for all phases analyzed.

LA-ICP-MS

Concentrations of trace elements in cpx were determined by LA-ICP-MS, at the Observatoire Midi-Pyrénées (Paul Sabatier University, Toulouse). This allowed in situ analysis of Cpx in 120 m thick polished sections. The Agilent 7500 ce ICPMS apparatus was coupled to a Cetac LSX-200 laser ablation module with a 266 nm frequency-quadrupled Nd-YAG laser.

The NIST 610 glass was used as the external standard while the NIST 612 glass was used as a reference material to control the quality of measurements. Each analysis was normalized using CaO values determined by electron microprobe. A beam diameter of 50-100 μm, a frequency of 10 Hz and a scanning rate of 20 mm/s were used. The theoretical detection limits were between 10 and 20 ppb for rare earth elements (REE), Ba, Th, U, Zr and 2 ppm for Ti. The relative precision and accuracy for a laser analysis ranges from 1 to 10%. The data reduction was carried out with the Glitter software [START_REF] Griffin | Laser ablation ICP-MS in the Earth Sciences : current practices and outstanding issues[END_REF].

Electron Backscatter Diffraction (EBSD).

EBSD analyses have been performed on 5 samples where olivine, pyroxenes and plagioclase have been analyzed. Before analyses, a mechanic-chemical polishing using a Vibromet was applied for 1 h15 with a colloidal silica suspension (pH 10) to remove mechanically-induced surface damage. The EBSD camera HKL Advanced Nordlys Nano from Oxford Instruments is attached to a JEOL 7100 electronic microscope, located at the microcharacterization centre Raimond Castaing, University Paul Sabatier, Toulouse, France.

The microscope working conditions include an acceleration voltage of 20 kV, a probe current of 16 nA, with a stage tilt of 70°, a working distance of 16-17 mm and camera settings are 4x4 binning and low (0) gain. Automatic indexing was performed using AZTec software (version 3.5) from Oxford Instruments, with different step size (15, 20 or 25 µm) according to the grain size. Data were processed using Channel 5 package. Measurements with a mean angular deviation (MAD) greater than 1.3 were removed, and grains were then calculated by imposing an orientation difference smaller than 10° for any two neighboring measurements belong to the same grain. Grains with a surface smaller than 10 pixels were removed to avoid bias caused by potential indexing error. The maps were compared with band contrast maps to ensure that the treatment did not compromise the data. The multiple uniform density (mud) and the J-index, which is the measure of the fabric strength [START_REF] Bunge | Texture analysis in materials science: mathematical methods[END_REF] The more complete information on the general structure of the Bahla massif are reported in the geological maps of the area (Wyns et al., 1992;Béchennec et al., 1992) and in the synthetic maps of the high temperature structural features of the Oman ophiolite [START_REF] Nicolas | Accretion of Oman and United Arab Emirates ophiolite -Discussion of a new structural map[END_REF]. The Bahla massif is a 45 km long and 15 km wide ellipsoidal body elongated along a WNW-ESE direction parallel to the local strike of the paleo-spreading ridge axis (MacLeod and Rothery, 1992) (Fig. 1b). The mantle section represents the main part of the massif; it is made essentially of harzburgites presenting the typical imprint of high temperature plastic flow acquired at "asthenospheric" conditions [START_REF] Ceuleneer | Mantle flow patterns at an oceanic spreading centre: the Oman peridotites record[END_REF]Nicolas et al., 1988), with locally abundant dunitic and pyroxenite bands. These rocks are cut by dykes filled mostly with pyroxenitic and gabbronoritic assemblages, with rare troctolites, gabbros, diorites and trondhjemites [START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF].

The crustal section represents only one fifth of the massif area and crops out essentially in its central part. The lower crust adopts the shape of a 15 km long and 8 km wide ellipse whose long axis is parallel to the general elongation of the massif (Fig. 1b). To the North, West and East, it is surrounded by mantle peridotites. The upper crust, including the base of the sheeted dyke complex, is exposed as small scattered outcrops emerging from quaternary deposits in the southern part of the massif. In geological maps some outcrops of this area are reported as mantle peridotites; they are mostly ultramafic cumulates (olivine cumulates with poikilitic pyroxenes) cut by diabase dykes generally striking N120°E and dipping 60° -70° to the NE.

The map pattern summarized above is not an expression of topography alone. The crustal section of Bahla is actually a tectonic enclave in a mantle host and not the un-eroded remnant of a formerly continuous crustal layer overlying the mantle section, which is the most common situation in other massifs of the Oman ophiolite. This structural specificity of the Bahla massif is primarily attributable to tectonics. Here below is a description of the contrasting tectonic styles we observed along these faulted mantle-crust contacts.

The northern contact

Along the northern mantle-crust boundary, the igneous textures of the layered cumulates are intensely overprinted by plastic deformation. There, the mantle-crust boundary (we will call the "Moho" for the sake of simplicity) is actually part of a WNW-ESE-trending sub-vertical ductile shear zone (in red on Fig. 1b) penetrating to the West and to the East in the mantle section. Its lateral extent reaches 15 km, being interrupted by lower temperature faults described below ( §4. 1.3 and §4.1.4). It affects the mantle peridotites and the lower crustal cumulates on both sides of the Moho on a thickness exceeding 1 km.

The mantle peridotites have a porphyroclastic texture and are highly foliated (Fig. 2a). This intense deformation is underlined by transposed pyroxenite bands (Fig. 2b). On the crustal side, mafic cumulates are intensely deformed too; they display flaser and gneissic textures (Fig. 2c) with local development of a spectacular tectonic banding enhanced by centimetre-thick white bands of anorthosite (Fig. 2d).

The primary igneous mineral assemblage is generally not modified, although locally, we observe the development of hornblende rims around pyroxene porphyroclasts. The deformed cumulates have medium-grained equigranular granoblastic textures with sutured grain boundaries diagnostic of efficient diffusion enhancing grain boundary migration. Intracrystalline features like undulose extinction, bending and mechanical twins are present but are not common, which is diagnostic of efficient recovery, and thus of high-temperature making possible sub-solidus diffusion. The evolution of the intensity of the plastic deformation experienced by the lower crustal cumulates is correlated with the dip of the layering which is sub-vertical (90°-80°S) along the Moho, and tends to progressively flatten when moving south (Fig. 2e). The stretching lineation is well developed and has a sub-vertical pitch (70° -80°W to 80°E). The shear sense is normal (down the dip), as revealed by macro-structural observations on the field (Fig. 2f) and confirmed by a micro-structural study including lattice preferred orientation analysis (see section on EBSD data).

Along rare later shear zones parallel to the high temperature foliations, the deformed cumulates are partly transformed into greenschist facies minerals (epidote, chlorite, serpentine, and hydrogarnets associated with rodingitisation, pointing to temperatures comprised between 200°C and 400°C (Bach and Klein, 2007;[START_REF] Python | Diopsidites and Rodingites: Serpentinisation and Ca-Metasomatism in the Oman Ophiolite Mantle[END_REF].

The southwestern contact

The southwestern border of the lower crustal section is affected by a major strike slip mylonitic shear zone a few tens of meters in thickness (Fig. 3a). It has a minimum extent of 20 km along strike (in yellow on Fig. 1b), its central part being hidden by the quaternary deposits of wadi Bahla. This shear zone presents a slight but well-defined curvature, its strike rotating from NW-SE to WNW-ESE when moving from the NW to the SE. The mylonitic foliation is steeply dipping to the NE. The shear sense is essentially dextral. The stretching lineation, which is underlined by a well-developed pencil structure (Fig. 3b), has a moderate dip (20°-50° to the SE) pointing to a normal component to the movement. A metamorphic gradient is observed along the strike of this shear zone, ranging from granulite-amphibolite facies at its intersection with the northern fault, at mantle depths, to greenschist facies when moving upsection to the SE. Along the northwestern part of the shear zone, the mantle peridotites are injected by gabbronoritic dykes that can represent 50% of the outcrop surface. Most dykes are deformed and adopt a flaser texture (Fig. 3c). Roundish porphyroclasts (0.1-1cm) of orthopyroxene (opx), clinopyroxene (cpx) and plagioclase (plg) are partly to completely recrystallized into a fine-grained matrix (<100 microns) with a mosaic texture. Brown amphibole is abundant in the recrystallized tails around the pyroxene porphyroclasts (Fig. 3c).

At the intersection between the northern normal fault and this shear zone, two generations of foliation and lineation can be measured: a ~135N50 foliation associated with a gently dipping lineation and a ~160SW70 one associated with a sub-vertical lineation. These rocks seem to have recorded the deformation of both the northern normal fault and of the southwestern shear zone. The detailed cross-cutting relationships between the EW fault and the NW-SE fault are obscured by felsic intrusions and quaternary deposits but it is clear that the EW fault cannot be followed to the W of the NW-SE fault and that, at the contrary, the NW-SE fault persists to the north beyond the EW fault. Moving to the SE, the gabbros are still intensely deformed into mylonites and ultramylonites. Structures include extreme stretching, sheath folds and crenulation cleavages (Fig. 3d). Mylonitized gabbros transformed into plagioclase + hornblende are still present but the assemblage chlorite + actinolite + tremolite typical of the greenschist metamorphic facies becomes the more common. Porphyroclasts preserve intense intracrystalline deformation (undulose extinction, bending and rotation associated with strain shadows, C/S shear bands).

The transition with the undeformed rocks is gradational. At its eastern termination, deformation is partitioned into a swarm of thin cataclastic shear zones.

All along the shear zone, the high-temperature metamorphic mineral assemblages show a variable overprint of greenschist facies metamorphism with coronas of actinolite-tremolite around pyroxenes and recrystallization into tremolite, actinolite, chlorite, epidote, zeolite, prehnite, serpentine, talc and/or carbonate. Late veins of zeolite, carbonate, chlorite and serpentine commonly cut the mylonites.

The eastern contact

The contact between the mantle and the crustal section in the eastern part of the massif corresponds to a brecciated zone oriented NNW-SSE (in blue on Fig. 1b). Textures are cataclastic with large angular clasts of peridotite and gabbros embedded in a matrix essentially made of carbonate, serpentine, chlorite and prehnite (Fig. 4a andb). 

Flat-lying décollements

In the central part of the massif, not far from the city of Bahla, the mantle peridotites are overlain by a cap of layered gabbros presenting the same intense plastic deformation and the same sub-vertical orientation as the ones cropping out along the northern contact (Fig. 5a). The Moho at this site actually corresponds to a knife-cut sub-horizontal décollement gently dipping to the East (15°E). It is filled with fibrous chrysotile (Fig. 5b) and striated surfaces of carbonates. 

Magmatic intrusions

Plagiogranite plugs and dykes

A few tonalite and trondhjemite intrusions elongated along the NNW-SSE direction and up to several hundred meters in length intrude mantle harzburgites close to the intersection between the northern normal fault and the southwestern shear zone (Figs. 1b and 6a,b). They are made of plagioclase, quartz, and rare micas, (altered into chlorite) and amphibole. They are intensely sheared with the development of boudinage (Fig. 6c) and of gneissic textures along their margins with the NNW-SSE mylonitic shear zone while the internal part of the intrusions is undeformed (coarse grained texture with no apparent mineral preferred orientation). This deformation gradient is correlated with a mineralogical evolution: the felsic intrusions are more tonalitic (i.e. richer in ferromagnesian minerals), with calcic plagioclase (An60-80) at the contact with mylonitic peridotites while they are purely trondhjemitic (i.e. almost devoid of ferro-magnesian minerals) with albitic plagioclase (An < 30) in the internal part of the intrusions. Trondhjemitic dykes up to one meter in thickness inject the peridotites hosting the major intrusions; some of them are affected by boudinage (Fig. 6b). One sample of trondhjemite with a strong lineation from the intrusion pictured in figure 6a has been dated (U-Pb on zircon) at 95.20114 ± 0.032 Ma (13211M02; Rioux et al., 2021a). This sample has an Nd(t) = -4.86 (Rioux et al., 2021b). 

Post-tectonic olivine gabbro dykes

Along the northern contact, the deformed and tilted layered gabbros are intruded by a swarm of undeformed, discordant dykes a few decimeters in thickness (Fig. 7). They have a WNW-ESE direction and dip from 30° to 75° to the North, sharing a similar azimuth but having a different dip than the southward dipping deformed layered gabbros. They lack of chilled margins; some dykes show the development of coarse-grained margins (crescumulate textures).

They are fine-grained olivine-gabbros having the composition of moderately evolved cumulates. Olivine has a Fo content (100 × molar Mg/(Mg + Fetotal)) of about 77 mol% and a NiO content around 0.20 wt%, clinopyroxene an average XMg (100 × molar Mg/(Mg + Fetotal)) of 83 mol% and average Cr2O3, Al2O3 and TiO2 contents of 0.45 wt%, 2.4 wt% and 0.40 wt% respectively, and plagioclase an average An content of 87 mol%. The assemblage contains also minor amount of ferrichromite with an average XCr (100 × molar Cr/(Cr + Al)) of 55 mol%, YFe 3+ (100 × molar Fe 3+ /(Cr + Al + Fe 3+ )) of 43 mol% and an average TiO2 content of 2.2 wt%.

No orthopyroxene or igneous amphibole are present in these olivine-gabbro dykes. 

Petrography of the layered cumulates

Our exhaustive sampling (210 samples) of the Bahla deformed and undeformed layered cumulates reveals an important lithological diversity in this unit. The layering of the crustal section results from the alternation of layers centimetric to pluricentimetric in thickness with different mineral proportions. The contrast between mafic and ultramafic layers is the more spectacular in the field, but microscope observations reveal more subtle variations in the modal content and textures. Following the classification of [START_REF] Irvine | Terminology for Layered Intrusions[END_REF] combining modal proportions and, when preserved, textural criteria for the crystallization order, seven main lithological groups can be defined in the layered cumulates of Bahla: troctolites, gabbros, opx-troctolites and gabbronorites for the mafic layers, dunites-wehrlites, clinopyroxenites and cumulate harzburgites for the ultramafic intervals.

It is worth mentioning that the so-called "wehrlite intrusions" invading the layered cumulates and present in most massifs of Oman (e.g. [START_REF] Juteau | Duality of Magmatism in the Plutonic Sequence of the Sumail Nappe[END_REF], are quite uncommon in Bahla and are thus not included in the present study.

• The troctolites (6% of the samples) are essentially adcumulate to mesocumulate cpxtroctolites; "pure" troctolites devoid of clinopyroxene (cpx) are uncommon. They essentially consist of euhedral to subhedral plagioclase (plg), subhedral olivine and interstitial to poikilitic cpx. The modal proportions are highly variable: the olivine content ranges from 5% to 70% and the cpx content from 0% to 20%. The modal proportion of plagioclase varies accordingly. A few troctolites also include traces (≤ 1%) of interstitial orthopyroxene (opx) and/or magmatic amphiboles. Chromian spinel is ubiquitous but generally not abundant (≤ 1%), reaching exceptionally 10%. Magnetite and sulfides can be present.

• The gabbros are the most common (61% of the samples) and principally consist of olivine-gabbros with variable modal proportions. They have the same petrographic characteristics and minor minerals as the troctolites, the difference between the two groups being the higher modal abundance of cpx and its subhedral to interstitial habit in the gabbros.

Gabbros devoid of olivine (cpx and plg only) and anorthosites (>90% plg) do exist but are uncommon.

• The opx-troctolites (Fig. 8a) (12% of the samples) are characterized by the crystallization of opx and cpx slightly after plg and olivine. This is expressed by subhedral to anhedral, sometimes poikilitic, pyroxenes (up to 37% of opx and 15% of cpx) associated with euhedral to subhedral plg (24% -87%) and subhedral olivine (5% -49%). They have ad-to orthocumulate textures (> 25% of post-cumulus material). The main opaque mineral phase is magnetite, which is not abundant (≤ 2%) and is rarely associated with sulfides and chromian spinel. Magmatic amphiboles are common in these troctolites; they are mostly interstitial with modal proportions of less than 3%. This, together with the paucity of chromian spinel, contrasts with the troctolites and olivine-gabbros.

• The gabbronorites (5% of the samples) occur as layers alternating with other mafic lithologies in the layered cumulates. They are medium-grained adcumulates characterized by the early crystallization of opx (cumulus phase). They present euhedral to subhedral crystals of opx (10% -47%) and plg (30% -75%) and always subhedral cpx (5% -25%). When olivine is present (olivine-gabbronorite), it is subhedral to anhedral and variably abundant (2% -25%).

Only a few samples contain opaque minerals (<1% of chromian spinel and/or magnetite).

• The clinopyroxenites (2% of the samples), alternating with mafic layers, are coarsegrained mesocumulates and orthocumulates characterized by abundant (60% -92%) euhedral to subhedral cpx and interstitial post-cumulus olivine, plg and/or opx; no "pure" clinopyroxenite is observed. Olivine is the most abundant post-cumulus phase (7% -38%) while plg and opx have modal proportions ranging from 1% to 8%. Chromian spinel is observed in some clinopyroxenites.

• The dunites-wehrlites (13% of the samples) appear as layers alternating with gabbros.

They are medium to coarse-grained adcumulates and mesocumulates. Dunites are essentially composed of euhedral to subhedral olivine (≥ 85%) and usually present poikilitic plg. Chromian spinel is present in the rare "pure" dunites only and can be abundant (up to 10%). Wehrlites are made of olivine (32% -92%) and cpx (2% -42%). Olivine is a euhedral to subhedral cumulus phase. Cpx is a post-cumulus, often poikilitic, phase. Post-cumulus plg and opx are common as interstitial or poikilitic crystals and can be relatively abundant with modal proportions varying from 5% to 33% for plg and from 6% to 22% for opx. Opaque minerals include chromian spinel, magnetite and minor sulfides. Their abundance varies from 0.5% to 6%.

• The harzburgites (Fig. 8b) (1% of the samples) are medium-grained orthocumulates characterized by rounded or subhedral cumulus olivine (38% -48%) and post-cumulus opx, cpx and plg. Opx is abundant (15% -32%) and appears generally as large (2-5mm) subhedral poikilitic crystals including numerous rounded olivine. Poikilitic plg and cpx constitute the rest of the mineral assemblage. Cpx is present as both small (≤ 1mm) subhedral to anhedral grains and larger poikilitic crystals. This texture indicates that opx crystallized slightly before cpx and that plg was the last phase to crystallize. Minor (≤ 1%) subhedral chromian spinel and pleonaste are common. It is worth mentioning that cumulate harzburgites, cropping out as weathered low hills on the southern border of the Bahla massif, are mapped as mantle peridotites in geological maps. We realized lately that these rocks adopted a cumulate texture and were actually part of the crustal section. Accordingly, the abundance of cumulus harzburgite is certainly much higher than the 1% estimate based on our sample proportions. 

Microstructure and mineral fabric of deformed cumulates

Crystallographic preferred orientation (CPO) of olivine, pyroxenes, and plagioclase have been measured using Electron Backscatter Secondary Diffraction (EBSD) in 5 samples from the northern contact including 1 troctolite, 3 gabbronorites, 1 olivine-gabbronorite (Fig. 9).

Where olivine is present, its 100 axes are at low angle to X and 010 are subperpendicular to the foliation plane (XY) suggesting the activation of the classical 100(010)

A-type slip-system (X and XY are respectively the lineation and foliation deduced from the mineral flattening and elongation and from the shape preferred orientation). The A-type slip system is usually interpreted to be formed at high temperature, low stress and dry conditions [START_REF] Bouchez | Textures, structures and fabrics due to solid state flow in some european lherzolites[END_REF][START_REF] Ismail | An olivine fabric database: an overview of upper mantle fabrics and seismic anisotropy[END_REF][START_REF] Karato | Deformation of earth materials: an introduction to the rheology of solid earth[END_REF]. Fig. 9. Crystallographic preferred orientation of olivine, clinopyroxene, plagioclase and orthopyroxene from five samples. Poles figures represent one point per grain on a lower-hemisphere, equal area stereographic projection; N is the number of grains, md is the multiple of uniform distribution, which is calculated for pole figures with more than 110 grains. The strength of the crystallographic preferred orientation (CPO) was estimated using the J-index [START_REF] Bunge | Texture analysis in materials science: mathematical methods[END_REF].

Clinopyroxene shows 001 or 100 axes sub-parallel to the lineation and parallel to olivine 100 axes, and 010 axes sub-perpendicular to the foliation plane.

Plagioclase presents CPO patterns where 100 axes show a point concentration subparallel to X, and weak concentration of 010 axes sub-parallel to Z, suggesting the possible activation of the 100(010) slip system which is the dominant activated slip system in plagioclase (Marshall and McLarent, 1977;[START_REF] Olsen | Analysis of dislocations in some naturally deformed plagioclase feldspars[END_REF] at temperature higher than 700°C (e.g., Diaz Aspiroz et al. 2011[START_REF] Kruse | Dynamic recrystallization processes in plagioclase porphyroclasts[END_REF].

Orthopyroxene has been observed in one sample (15BaK02). The pattern displays point concentrations of 001 axes sub-parallel to X and of 100 axes sub-parallel to Z, suggesting the activation of 001(100) slip system, known to be activated at high temperature (e.g. [START_REF] Ross | High-temperature flow and wet polycrystalline enstatite[END_REF].

The alignment of olivine 100 axes, clinopyroxene 001 or 100 axes, plagioclase 100 axes, and orthopyroxene 001 axes sub-parallel to the stretching lineation (X) suggests coeval deformation of these minerals. In detail, these crystallographic axes display a small angle to the stretching lineation which, combined with the orientation of the foliation (sub-vertical to high southward dip bearing a vertical lineation), (where X represents the top of the outcrop) confirm the normal shear sense determined on the basis of macroscopic field criteria. 4.5. Mineral chemistry of the layered cumulates 4.5.1. Major and minor elements (Supplementary Table 1) Pyroxenes from the lower crustal cumulates are diopsides (Wo45-52En44-51Fs2-10), magnesium-rich augites (Wo41-45En46-53Fs5-10) and enstatites (Wo0-5En73-90Fs9-24), and are characterized by low-aluminium contents (average Al2O3 ≈ 2.1 wt% in cpx and 1.2 wt% in opx). Their XMg (calculated with total iron) vary from 80 to 95 mol% for cpx and from 76 to 89 mol% for opx. Similarly, the forsterite (Fo) content of olivine and the anorthite (An) content of plg present wide compositional ranges varying from 76 to 89 mol% and from 67 to 99 mol% respectively. Fig. 10. Major and minor elements content determined on minerals with the electron microprobe. Crosses: data on lower crustal cumulates from other massifs of the Oman ophiolite (Abily, 2011, Korenaga andKelemen, 1997;[START_REF] Müller | A petrological and geochemical cross section of lower crust at the Wadi Gideah (Samail ophiolite): Implications for the crustal accretion at fast-spreading mid-ocean ridges[END_REF][START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF]. Each dot and cross represents the average values for one sample.

In terms of classical differentiation indexes (Fo and Ni in olivine, An in plagioclase, XMg, Cr2O3 and TiO2 in pyroxenes), the mafic and ultramafic cumulates of Bahla range from primitive to moderately evolved and plot in the field of other Oman ophiolite lower crustal cumulates (Fig. 10a,b,c). Relatively evolved compositions (XMgcpx < 83 mol%, XMgopx < 79 mol%, Fo < 78 mol%, An < 82 mol%) are observed in opx-troctolites and in gabbronorites.

These relatively evolved cumulates are also characterized by high titanium contents in cpx (TiO2 > 0.80 wt%), low chromium contents in pyroxenes and low NiO contents in olivine, close or below the detection limits.

In other terms, most opx-troctolites, part of gabbronorites and rare gabbros, one troctolite and one wehrlite, define a distinct group at the most evolved end of the general trend. This is particularly evident in the composition of olivine which shows a clear compositional gap in Fo between between 80 and 78 mol%, perfectly correlated with its NiO content (Fig. 10d). This hiatus is likely not an artefact of sampling as (1) the number of samples is statistically significant (> 200 samples), (2) they cover a large lithological diversity, i.e. it is unlikely that we missed some facies corresponding precisely to this differentiation index, and (3) we sampled the different parts of the massif and different stratigraphic levels. This dichotomy is also reflected in both cpx and opx compositions (Fig. 10a,b,c) and in the plagioclase composition (Fig. 10e). The Al content of pyroxenes does not show any correlation with lithology, apart from a few dunites and wehrlite showing a "abnormally" low Al content (and to a lesser extent in Cr) in pyroxenes (Fig. 10c) given their high XMg. This likely reflects the impact of high temperature hydrothermal processes (cf. [START_REF] Python | Trace element heterogeneities in hydrothermal diopsides : evidence for Ti-HREE depletion and Sr-Eu-LREE enrichment during hydrothermal metamorphism of mantle harzburgites[END_REF][START_REF] Python | Diopsidites and Rodingites: Serpentinisation and Ca-Metasomatism in the Oman Ophiolite Mantle[END_REF][START_REF] Rospabé | Origin of the dunitic mantle-crust transition zone in the Oman ophiolite: The interplay between percolating magmas and high-temperature hydrous fluids[END_REF].

Within the most primitive group, Fe-Mg phases and plg in gabbros have globally the same range of composition for major (XMg, Fo, An) and minor (TiO2, Cr2O3, NiO) elements than those in the dunites-wehrlites (Fig. 10). However, the high-XMg cpx (XMg > 92 mol%) crystallized preferentially in dunites-wehrlites while the high-calcium plg (An > 94 mol%) are only observed in gabbroic cumulates. Troctolites, harzburgites and clinopyroxenites plot in the same compositional field as the one of dunites-wehrlites and gabbros. However, troctolites have generally more primitive compositions (XMgcpx ≈ 89 mol%, Fo ≈ 86 mol%, An ≈ 90 mol%) than those of cumulate harzburgites and clinopyroxenites (XMgcpx ≈ 88 mol%, Fo ≈ 84 mol%, An ≈ 88 mol%). [START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF] identified two suites in the Oman layered crust based on distinct trends in their clinopyroxene composition: GB1/HV1 which has composition consistent with a MOR-related setting, and DWGB2/HV2 that was attributed to a SSZ setting. In comparison, we can see that the Bahla cumulates follow a trend closer to the GB1 suite (e.g. An vs. XMg cpx) or intermediate between those two trends (e.g. TiO2 vs. XMg cpx).

The XCr in Cr-spinel ranges from 50 to 70 mol% with a few outliers toward high Cr. Their TiO2 content presents huge variations, from virtually zero to almost 3 wt% (Fig. 10f). No correlation is observed between the Cr-spinel composition and the lithology, although Cr-spinel is absent from the most evolved cumulates in which the main opaque mineral is usually magnetite.

The most evolved cumulates (XMgcpx < 85 mol%) crop out essentially in the east and in the southeast of the main crustal section and belongs to both layered and overlying more "massive" (i.e. with no ultramafic layers making the layering evident in the field) cumulate units. The most primitive cumulates (XMgcpx > 89 mol%) are principally observed along or close to both the high-temperature and the low-temperature faults. The "massive" cumulate unit is mainly composed of relatively evolved cumulates.

Trace elements in cpx (Supplementary Table 2)

Cpx in cumulates of all lithological groups have similar shape of chondrite-normalized Rare Earth Elements (REE) patterns (Fig. 11a), characterized by a depletion in Light Rare Earth Elements (LREE) compared to Middle and Heavy REE (MREE-HREE; nearly flat segment from Gd to Lu) and by the lack of Eu anomaly. Their chondrite-normalized La/Yb ratios vary from 0.03 to 0.11. The REE contents of cpx range from 10 -1 (LREE) to 10 times (HREE) the chondritic values. The most enriched cpx are essentially observed in in opx-troctolites and gabbronorites, one opx-troctolite and one ol-gabbro while the most depleted cpx are preferentially observed in some (ol-)gabbros, troctolites and dunites-wehrlites, which is consistent with variations in incompatible minor elements.

Primitive mantle-normalized extended trace elements patterns of cpx in all lithological groups (Fig. 11b) are characterized by depletion in the most incompatible elements. For more compatible elements (Nd -Lu segment), all patterns have a similar shape characterized by a strong negative anomaly in Zr (Zr/SmPMN = 0.15-0.35) and Hf and a less pronounced negative anomaly in Ti (Ti/GdPMN = 0.53-0.80) relative to neighbouring REE. The amplitude of Ti anomaly (i.e. more variable Ti/GdPMN) is slightly higher in cpx of gabbronorites and in one opxtroctolite and one ol-gabbro (Ti/GdPMN < 0.6). Conversely, for most other incompatible trace elements (Rb -Sr segment), patterns are quite intricate and overlap each other. A clear negative Sr anomaly is observed in most samples and its amplitude generally increases with the increase in the Ti content (i.e. stronger anomalies in some gabbronorites, opx-troctolites and gabbros, with Sr/Nd ratios mostly < 0.4). However, in some trace element patterns, this negative Sr anomaly is weaker (samples with the lowest REE and Ti contents); cpx in all dunites-wehrlites and troctolites present this characteristic. Similarly, a clear negative Nb anomaly of varying amplitude is observed in most patterns, with stronger anomalies in patterns displaying the stronger negative Ti anomalies. Apart for these light tendencies, the presence and the amplitude of all trace element anomalies are largely independent of the lithological group with large variabilities even in a single lithological group (especially the (ol-)gabbros). (Abily, 2011, Korenaga andKelemen, 1997;[START_REF] Müller | A petrological and geochemical cross section of lower crust at the Wadi Gideah (Samail ophiolite): Implications for the crustal accretion at fast-spreading mid-ocean ridges[END_REF][START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF]. Each pattern represents the average values for one sample. Symbols as in Figure 10.

Discussion

Structural specificity of the Bahla massif.

Our survey has revealed that several structural features of the Bahla massif contrast with common views concerning the Oman ophiolite. Among these paradigms, the lower crustal section of Semail is generally described as a laterally continuous unit and the layering of the basal cumulates is considered as parallel or at low angle to the mantle-crust boundary, equated with the paleo-horizontal plane (cf. [START_REF] Pallister | Samail ophiolite plutonic suite: field relations, phase variations, cryptic variation and layering, and a model of a spreading Ridge magma chamber[END_REF]. Clearly, the Bahla massif is an exception to the rule for these aspects. The present general shape and size of its plutonic section -a 15 by 8 km ellipsoid in map view -is clearly not attributable to the erosion of a former laterally continuous crustal unit conformably resting on the underlying mantle peridotites. It is, at least partly, a more pristine characteristic of this massif inherited from the interplay of a few major fault zones that recorded different kinematics and were active over a wide temperature range, during the accretion of the ophiolite and the early stages of intra-oceanic thrusting or nascent subduction.

On the geological maps and associated structural sketches of the area, the apparently dismembered aspect of the Bahla massif is attributed to the same tectonic events responsible for the regional faulting and folding of the nearby autochthonous and allochthonous sedimentary formations (Wyns et al., 1992;Béchennec et al., 1992). While we cannot exclude a priori that the late décollements and cataclastic breccia correspond to such late tectonism, the high temperature ductile faults we described above were active much earlier. As a matter of fact, in this external part of the Northern Oman Mountains, the sedimentary formations escaped any high temperature history, apart from a moderate, very low temperature imprint of upper anchizone metamorphism [START_REF] Breton | Cretaceous) evolution of the Oman tethyan continental margin: insights from a structural field study in Jabal Akhdar (Oman mountains)[END_REF]. On the other hand, the seemingly synclinal-like geometry of the Bahla massif was, among other arguments deduced from the occurrence of the mantle section along both the northern and the southern contacts with the crustal section. We realized that, to the south, the peridotites were mostly ultramafic cumulates, part of the crustal section and cannot be used as an evidence of general folding of the Bahla massif. 5.2. The Moho at Bahla: a major syn-magmatic normal fault.

The highest temperature tectonic contact between the mantle and crustal sections we identified in Bahla is a ductile normal fault of lateral extent exceeding 15 km and striking WNW-ESE, at low angle to the direction of the former ridge axis. It is interrupted to the west by a lower temperature shear zone and to the east by a brittle fault. The deformation textures and the lattice fabrics, together with the preservation of the magmatic igneous mineral assemblage -apart from the local and partial transformation of the pyroxenes into metamorphic amphibole -point to very high temperature conditions during deformation, close to the gabbro solidus.

High temperature conditions during deformation is attested by the activation of the high temperature slip systems in olivine and pyroxenes. It is confirmed by thermometric determinations (Supplementary Table 3). Temperatures have been estimated for orthopyroxene and clinopyroxene using [START_REF] Brey | Geothermobarometry in four-phase lherzolites II. New thermobarometers, and practical assessment of existing thermobarometers[END_REF] thermometer (OpxBK90) based on Ca contents in opx, and two-pyroxenes [START_REF] Brey | Geothermobarometry in four-phase lherzolites II. New thermobarometers, and practical assessment of existing thermobarometers[END_REF] thermometer (2PrxBK90) based on Fe-Mg exchange (see table in supplementary material). These thermometers have been applied at a pressure assumed to be 0.2 GPa, implying equilibration in the plagioclase stability field. Both thermometers have been applied on all types of gabbro, which have been classified for these calculations by the apparition of orthopyroxene during the crystallization sequence. The first group concerns gabbro with early crystallization of orthopyroxene (5 samples), the second group where orthopyroxene and clinopyroxene crystallized simultaneously (8 samples), and the third group where the orthopyroxene is late in the crystallization sequence (12 samples). For all groups, the estimated temperatures are similar giving an average temperature of 984 ± 44 ˚C and 920 ± 47 ˚C using OpxBK90 and 2PrxBK90 thermometers respectively. The two pyroxenes thermometer is always slightly lower in temperature but within the range of OpxBK90. In details, there is no temperature difference within the three identified groups of orthopyroxenes.

Almost monomineralic thin bands of anorthosites are common features in these deformed gabbroic cumulates. They can reflect segregation processes during deformation of a crystal mush (e.g. [START_REF] Abily | Syn-magmatic normal faulting in the lower oceanic crust: evidence from the Oman ophiolite[END_REF] and would be evidence of incomplete crystallization of the lower crust when the shearing initiated. They could also represent metamorphic segregations at high temperature in the solid state. The good preservation of the igneous layering, i.e. the alternation of decimetres-thick mafic and ultramafic cumulate layers, in spite of the intensity of the deformation, could be inherited from the initial strain partitioning in the layers richer in interstitial melt. The formation of the layering itself may be contemporaneous with the early stage of deformation. Once fully crystallized, the sub-solidus plastic deformation affected the cumulates and adjacent mantle peridotites in a more homogeneous way, but the initial focusing of the ductile normal fault at Moho level is inherited from and earlier, probably syn-magmatic stage.

Field observations and oblique lattice fabrics relative to the foliation and lineation point to simple shear deformation. It allows us to determine a shear sense and to confirm the down the dip displacement of the crustal section relative to the mantle section, primarily deduced from field arguments. A normal fault sense is also consistent with the polarity of the rotation of the gabbro layering away from the fault, i.e. flattening to the south. The important steepening of the layering of the cumulates as the fault is approached was clearly induced by the same tectonic event as the one that imprinted the plastic deformation, given the correlation between the dip of the layering and the deformation intensity.

This "tectonic Moho" is presently sub-vertical. However, the Bahla massif presents a general tilt of about 20° southward, induced by the post-obduction doming of the nearby Jebel Akhdar; it is reflected, among other, in the dip of the cumulate layering away from the fault.

Accordingly, it seems reasonable to infer that the original dip of the northern fault at the time it formed at the spreading centre was closer to about 70°S. Here again, this reconstruction is consistent with a normal fault leading to the downward displacement of the layered gabbro relative to the mantle peridotites. This displacement was likely substantial, even if impossible to quantify, given the deformation intensity and the thickness of the zone of affected by plastic deformation.

The activity of the fault ceased before cooling below the brittle-ductile transition of the cumulates, as attested by the moderate imprint of low temperature deformation, limited to some serpentine shear zones focused mainly in the ultramafic cumulate layers and preserving the flaser structure of the gabbros. Moreover, there is clear evidence that the tilt of the gabbro, and thus the normal fault activity, is prior to the end of the igneous activity in the Bahla massif, as attested by the occurrence of dykes cross-cutting the deformed cumulates. These dykes are parallel to the azimuth of the former ridge axis and filled with a mineral assemblage (olivine gabbro) consistent with derivation from a moderately evolved MORB-like tholeiite. The presence of crescumulate textures on the inner walls of several of these dykes together with the absence of chilled margins indicate that the cumulates slightly, but not extensively cooled down at the time of injection (T° >> 400°C). 5.3. The southwestern shear zone as a high temperature trans-tensional ductile fault.

The style and geometry of the southwestern NW-SE fault contrasts markedly with the one of the northern fault: its thickness is much less (tens of meters compared to hundreds of meters); the deformation conditions do not exceed amphibolite facies; mylonitic textures are the rule; the overprint of greenschist facies and cataclastic deformation is more widespread.

The kinematics is the one of a dextral strike-slip shear zone with a moderate down the dip component. The deformation fabric is very linear, with a well-defined stretching lineation.

Consistently, the dip of the foliation is quite variable, ranging from high to moderate northward.

If we consider the 20°S general tilt of the massif, it can be inferred that the average original dip of the fault plane was closer to 45°N toward the axis. Combined with the moderate dip of the lineation southward and with the dextral shear sense, this geometry is consistent with that of a transtensional ductile fault.

In contrast to the northern fault where the deformation plane is parallel to the igneous structures, this mylonitic shear zone cross-cuts the bedding of the gabbros. The observed metamorphic gradient from high temperature at the NW termination of the fault, where it roots in the mantle section, to colder conditions to the SE, likely results from the fact that shallower levels of the crust are progressively encountered when moving to the SE. Accordingly, it would not reflect a real along strike metamorphic gradient at a constant depth. This shear zone was active during and after intense magmatic injection. The lithological nature of these intrusions contrasts with those of the bulk of the crust: these are essentially pegmatitic gabbronorites and tonalite/trondhjemite dykes and plugs. Most of the dykes are intensely deformed, including the felsic ones. The largest felsic plug is located where the northern fault is interrupted by the mylonitic shear zone. It is free of shearing except along its margins. This is consistent with the transtentional nature of the movement which made room for the emplacement of the plug. These structural observations together with the age (95.201 ± 0.032 Ma) confirms the fact that the emplacement of felsic melts at near Moho depth, and thus the faults activity, occurred early and was nearly contemporaneous with the average accretion age of the Semail ophiolite determined at the global scale. The Nd(t) of -4.86 determined for this plug reveals a sedimentary component in its source (Rioux et al., 2021b) suggesting that this final magmatic episode and the late activity of the mylonitic faults were contemporaneous with the intraoceanic thrusting. The position of the Semail basin close to the continental margin could account for the presence of sediments in an environment of ocean crust generation. 5.4. Low temperature, but maybe not late décollements and breccias.

In restricted parts of the Bahla massif, the peridotite-gabbro contact adopts a sub-horizontal attitude but this is clearly a consequence of a low temperature décollement. The high angle between the deformed gabbros layering and the contact contrasts with the situation in most other massifs of Oman. Elsewhere a sub-horizontal paleo-Moho, parallel to the bedding of the lower crustal cumulates, is the rule and evidently a pristine feature (e.g. [START_REF] Boudier | Nature of the Moho transition zone in the Oman ophiolite[END_REF], although locally affected to some degree by faulting over a wide temperature range [START_REF] Glennie | Late cretaceous nappes in Oman mountains and their geologic evolution[END_REF][START_REF] Abily | Syn-magmatic normal faulting in the lower oceanic crust: evidence from the Oman ophiolite[END_REF][START_REF] Zihlmann | Hydrothermal fault zones in the lower oceanic crust: an example from Wadi Gideah, Samail ophiolite, Oman[END_REF][START_REF] Rospabé | Melt hybridization and metasomatism triggered by syn-magmatic faults within the Oman ophiolite: a clue to understand the genesis of the dunitic mantlecrust transition zone[END_REF]. In Bahla, these contacts are underlain by rodingites and diopsidites, together with the presence of chrysotile, indicative of temperatures exceeding the regional upper anchizone metamorphic conditions affecting the sedimentary formations near Bahla (Breton et al., 2014). Breccias with gabbroic elements embedded in a matrix of prehnite and carbonates are definitely lower temperature features but their occurrence is frequent in fault zones affecting the lower crust and the mantle along present-day mid-ocean spreading centres (e.g. [START_REF] Macleod | Direct geological evidence for oceanic detachment faulting: the Mid-Atlantic Ridge, 15°45[END_REF][START_REF] Gillis | Primitive layered gabbros from fast-spreading lower oceanic crust[END_REF] and arc related basins (e.g. [START_REF] Harigane | Deformation and hydrothermal metamorphism of gabbroic rocks within the Godzilla megamullion, Parece Vela Basin[END_REF] . Accordingly, although it cannot be strictly demonstrated, the fact that these relatively low temperature brittle faults predate the obduction and belong to the same tectonic episode than the high temperature faults of Bahla is in the field of possibilities. The preservation of greenschist facies and higher temperature alteration minerals in these breccias in spite of lower temperature overprint is, however, a good indication that they developed early. 5.5. Petrological specificity of the Bahla lower crustal layered cumulates.

Our exhaustive sampling of the lower crustal cumulates of the Bahla massif has revealed the important lithological diversity of this unit. It includes most rock types described up to now in other massifs of Oman and, in addition, lithologies that, as far as we know, seem more specific to this frontal part of the ophiolite i.e. the cumulate harzburgites and the opx-troctolites.

Orthopyroxene appears more abundant and ubiquitous in the lower crustal cumulates at Bahla than elsewhere in Oman, at the massif scale at least: 41% of our samples present postcumulus opx and 17% early crystallizing opx (cumulus or early post-cumulus). These are minimum values as we under-sampled the cumulate harzburgites. Early crystallizing orthopyroxene is virtually absent from the lower crustal cumulates of entire massifs, especially in the southern part of the ophiolite (e.g. [START_REF] Pallister | Samail ophiolite plutonic suite: field relations, phase variations, cryptic variation and layering, and a model of a spreading Ridge magma chamber[END_REF][START_REF] Kelemen | Geochemistry of gabbro sills in the crust/mantle transition zone of the Oman ophiolite: implications for the origin of the oceanic lower crust[END_REF] and present but more occasional than in Bahla in some sections of other massifs, mostly in the central and northern part of the ophiolite (e.g. [START_REF] Smewing | Mixing characteristics and compositional differences in mantle-derived melts beneath spreading axis: evidence from cyclically layered rocks in the ophiolite of North Oman[END_REF][START_REF] Browning | Cryptic variation within the cumulate sequence of the Oman ophiolite: magma chamber depth and petrological implication[END_REF][START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF][START_REF] Abily | Caractéristiques pétrographique, géochimique et structural de la section crustale profonde de l'ophiolite d'Oman : implications pour la genèse des magmas et le fonctionnement des chambres magmatiques à l'aplomb d'un centre d'expansion océanique[END_REF]. This abundance in early crystallizing orthopyroxene is thus another distinctive characteristic of the Bahla massif that might be shared with the nearby Wuqbah massif cropping out also at the front of the ophiolite [START_REF] Abily | Caractéristiques pétrographique, géochimique et structural de la section crustale profonde de l'ophiolite d'Oman : implications pour la genèse des magmas et le fonctionnement des chambres magmatiques à l'aplomb d'un centre d'expansion océanique[END_REF].

A simple way to account for the early crystallization of orthopyroxene in an ocean spreading context is to invoke a parent melt with a silica content a few percent higher than in MORB, i.e. with a more andesitic composition, or an increase of the partial pressure of water and/or the oxygen fugacity in the melt, the two hypotheses being not mutually exclusive. The origin of the water or of the water-rich melts can be looked for in the subduction factory (e.g. [START_REF] Macleod | Moist MORB" axial magmatism in the Oman ophiolite: the evidence against a mid-ocean ridge origin[END_REF]Belgrano and Diamond, 2019;Koepke et al., this volume) or in deepseated episodic hydrothermal processes in a spreading ridge context (e.g. [START_REF] Benoit | The remelting of hydrothermally altered peridotite at mid-ocean ridges by intruding mantle diapirs[END_REF][START_REF] Boudier | Significance of gabbronorite occurrence in the crustal section of the Semail ophiolite[END_REF][START_REF] Nonnotte | Genesis of andesitic-boninitic magmas at mid-ocean ridges by melting of hydrated peridotites : geochemical evidence from DSDP Site 334 gabbronorites[END_REF][START_REF] Rospabé | Origin of the dunitic mantle-crust transition zone in the Oman ophiolite: The interplay between percolating magmas and high-temperature hydrous fluids[END_REF].

Primitive or moderately evolved opx-rich lithologies (pyroxenites and gabbronorites) are the dominant facies in the dykes cross-cutting the mantle section of Bahla showing that, at a certain stage, it was percolated by andesitic, hydrous melts (Fig. 1b and [START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF]. We can guess that these melts contributed to feed the crustal magma chamber. This would be consistent with the high proportion of opx-rich cumulates at Bahla. It is worth mentioning that, in the Oman plutonic section, orthopyroxene can be abundant in highly evolved cumulates but, in these cases, it has a low XMg and generally co-crystallizes with Fe-Ti oxides, amphibole and, occasionally, sulfides. This was observed along some sections of the Oman crust where it was attributed to extreme degrees of fractional crystallization made possible by the specific context of the leading edge of a magma chamber [START_REF] Lachize | Calc-alkaline differentiation trend in the plutonic sequence of the Wadi Haymiliyah section, Haylayn massif, Semail ophiolite, Oman[END_REF][START_REF] Boudier | Significance of gabbronorite occurrence in the crustal section of the Semail ophiolite[END_REF][START_REF] Adachi | Geology and petrology of the plutonic complexes in the wadi Fizh area: multiple magmatic events and segment structure in the northern Oman ophiolite[END_REF]. This mechanism of differentiation cannot account alone for the early crystallizing opx present in the Bahla lower crust.

Considering the mineral major and minor element compositions, the global decrease in Cr in pyroxenes, Ni in olivine and An of plagioclase, and the increase of Ti in pyroxenes with the decrease in XMg (Fig. 10) indicate that fractional crystallization actually contributed to some extent to the evolution of the parent melts of all the cumulates of Bahla. The opx-bearing lithologies also have clinopyroxene with higher trace incompatible element concentrations, especially in REE (Fig. 11). However, (1) the incompatible minor and trace elements concentrations show a significant variability for a given XMg, even in a single lithological group, and (2) there is a general lack of consistency between the modal composition and the chemical indexes of differentiation (Fig. 12). These are not characteristics unique to Bahla (cf. [START_REF] Abily | Caractéristiques pétrographique, géochimique et structural de la section crustale profonde de l'ophiolite d'Oman : implications pour la genèse des magmas et le fonctionnement des chambres magmatiques à l'aplomb d'un centre d'expansion océanique[END_REF] but they are particularly evident in the case of this massif. This suggests that fractional crystallization from a common parent melt cannot solely account for this chemical variability and does not explain the relationships between the various lithologies. Among others, many cumulate harzburgites, dunites, wehrlites and pyroxenites, that would be considered as primitive on mineralogical grounds, may present quite evolved mineral compositions (Fig. 10), which is counter intuitive in the frame of cumulates issued from a single parent melt. The opx-troctolites constitute, apart from a few exceptions, a quite homogeneous group at the most evolved end of the chemical trends, especially in major elements. From a chemical perspective, the opx-troctolites share some characteristics with the most evolved samples from the gabbronorite group but the abundance of early crystallizing olivine and plagioclase is puzzling. It is tempting to group the seven lithological groups identified in the Bahla lower crust in two main series as we did for the mantle dykes [START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF]: one whose mineralogical assemblage and crystallization order fit with an olivine tholeiite, MORB-like, parent melt (i.e. the troctolites, the olivine gabbros and the evolved gabbronorites) and another one including all the lithologies that do not fit a tholeiitic parent melt, i.e. most ultramafic cumulates (cumulate harzburgites, wehrlites, pyroxenites) and the opx-troctolites. The problem is that, contrasting with the mantle dykes, the geochemical composition of Bahla cumulates do not define two contrasted trends that would be diagnostic of a melt produced from a MORB mantle source on one hand and from a highly depleted mantle source on the other hand. As a matter of fact, the geochemical compositions of our different lithologies largely overlap.

In detail, the total REE content of cpx in the second group, except the opx-troctolites, is in the lower part of the variation field of Bahla cumulates and, more generally, of the lower crustal cumulates of Oman. However, the different lithologies do not contrast markedly in the shape of their REE patterns, showing that they did not crystallize from melts that are issued from a dramatically different degree of partial melting of the mantle source. The ultramafic cumulates and opx-rich gabbro display a less pronounced negative Sr anomaly in their extended trace element patterns than the troctolites and olivine gabbros. It results from a similar to lower Nd content but also from a slightly higher Sr content (higher than 9 µg/g while below 8 µg/g for other lithologies). This could be an effect of Sr depletion from the melt related to early plagioclase crystallization in troctolites and olivine gabbros, but it is not reflected in the Eu anomalies, which are mostly absent in all lithologies. The other difference between the two series is higher Ni (> 200 µg/g) and Cr (> 4000 µg/g) contents in clinopyroxene from the ultramafic lithologies (dunites and pyroxenites).

Magma mingling/mixing between the two contrasting melts identified in the mantle dykes of Oman is among the possible processes of the petrological characteristics of the Bahla lower crust. Although it is far from being a unique explanation, it is a simple way to account for the departure from simple fractional crystallization trends and for the poor contrast of the geochemical signatures between the various lithologies. Another avenue of explanations is variable input of water from a subducted slab (Koepke et al., this issue).

At the massif scale, we do not observe a geographical partitioning of the different types of cumulates. Several lithologies coexist in adjacent layers showing that the mixing was sufficiently incomplete to preserve the contrast in modal composition down to the outcrop scale.

We propose that deformation related to the first stages of activity of the high temperature ductile faults might have induced the mingling and the compaction of the crystal mush. In this model, interstitial melts, more or less hydrous and in variable stage of differenciation, were expelled and partially mixed at a local scale. Rapid crystallization, possibly triggered by the circulation of hydrothermal or subduction-derived fluids along the faults, made possible the preservation of contrasted lithological facies and of a certain heterogeneity in the chemical compositions. Mixing of the melts from both series identified in the mantle dyke population may have contributed to attenuate the contrast in incompatible elements signatures between the two series. The peculiar opx-troctolite lithology could be issued from an evolved tholeiitic melt relatively enriched in Ti and total REE due to fractional crystallization, whose cotectic trajectories has been modified by late mixing with a silica and Mg richer andesitic melt. Higher water concentration, whatever its origin, may have also contributed to its genesis as attested the presence of igneous amphibole in this facies. Such special conditions and petrological processes might also account for the compositional gap in the Fo of olivine which remains mysterious.

The origin of the MORB parent melt is not a real issue in the oceanic spreading setting that led to the accretion of the ophiolite. They can be formed at both mid-ocean ridges and in backarc basins (although the absence of a mature arc along the northern margin of Arabia makes this late interpretation difficult). The genesis of the primitive andesite parent melt is also an open question in the specific context of the Oman ophiolite. Most authors working in Oman attribute such melts to mantle melting in the context of subduction. A challenging hypothesis is to consider that the genesis of opx-rich cumulates and of their parent melts is a natural consequence of the interaction between the mantle and lower crustal rocks and deep-seated hydrothermal fluids in a spreading setting, made possibly by the cyclic nature of the accretion process and triggered by faulting [START_REF] Benoit | The remelting of hydrothermally altered peridotite at mid-ocean ridges by intruding mantle diapirs[END_REF][START_REF] Clénet | Thick sections of layered ultramafic cumulates in the Oman ophiolite revealed by an airborne hyperspectral survey: petrogenesis and relationship to mantle diapirism[END_REF][START_REF] Abily | Syn-magmatic normal faulting in the lower oceanic crust: evidence from the Oman ophiolite[END_REF][START_REF] Koepke | Partial melting of oceanic gabbro triggered by migrating water-rich fluids: a prime example from the Oman ophiolite[END_REF][START_REF] Rospabé | Melt hybridization and metasomatism triggered by syn-magmatic faults within the Oman ophiolite: a clue to understand the genesis of the dunitic mantlecrust transition zone[END_REF]. The formation of primitive gabbronorite dykes in response to the hydrated re-melting of the mantle along detachment faults is not unique to the Oman ophiolite (cf. [START_REF] Liu | Formation of gabbronorites in the Purang ophiolite (SW Tibet) through melting of hydrothermally altered mantle along a detachment fault[END_REF]. Opx-rich, or at least bearing, primitive cumulates have been sampled along present-day mid-ocean ridges (both low and fast spreading) where the influence of subduction can be excluded in both slow-spreading [START_REF] Nonnotte | Genesis of andesitic-boninitic magmas at mid-ocean ridges by melting of hydrated peridotites : geochemical evidence from DSDP Site 334 gabbronorites[END_REF] and fast-spreading contexts [START_REF] Gillis | Primitive layered gabbros from fast-spreading lower oceanic crust[END_REF]. In spite of their discrete occurrences, and different textures in the case of fast spreading ridges, these lithologies exist in "open" mid-ocean settings and nurture discussions about their use to constrain the tectonic setting of ophiolites.

Although the present study is far from bringing definitive arguments allowing us to decipher between these hypotheses, it contributes to illustrate one among many tectonic contexts leading to the interaction and crystallization of two magmatic series that contributed to the building and igneous evolution of the Oman ophiolite. 5.6. Possible tectonic context of accretion of the Bahla massif.

The intense deformation experienced by the layered cumulates of Bahla occurred in very high temperature conditions and records a normal fault movement. This kinematic calls for extensional tectonics and is more consistent with a syn-accretion event rather than with the compressive context that prevailed during the early intra-oceanic thrusting or nascent subduction of the ophiolite that preluded the obduction.

It is tempting to see in the Bahla massif an analogue of the oceanic core complexes mapped along present-day slow-spreading ridges (e.g. [START_REF] Blackman | Origin of extensional core complexes: Evidence from the Mid-Atlantic Ridge at Atlantis Fracture Zone[END_REF] and in arc-related basins (e.g. [START_REF] Harigane | Deformation and hydrothermal metamorphism of gabbroic rocks within the Godzilla megamullion, Parece Vela Basin[END_REF]. However, the great variability of present-day core complexes in terms of size, deformation structures, lithologies and, mostly, the fact that the pristine morphology and seafloor rock exposure of the Bahla massif at the time of accretion is not preserved due to erosion make a detailed comparison difficult. It remains that some characteristics of the Bahla massif may support this working hypothesis. Among others, the lithological diversity of the Bahla crustal section is strikingly reminiscent of the rocks sampled in this context of intense normal faulting, including ultramafic, troctolitic, gabbroic and gabbronoritic cumulates, trondhjemites and post-deformation gabbro dykes (e.g. [START_REF] Cannat | An ultramafic lift at the Mid-Atlantic Ridge: successive stages of magmatism in serpentinized peridotites from the 15°N region[END_REF]1995;[START_REF] Cannat | Localization of ductile strain and the magmatic evolution of gabbroic rocks drilled at the Mid-Atlantic Ridge[END_REF][START_REF] Dick | Plutonic foundation of a slow-spreading ridge segment: Oceanic core complex at Kane Megamullion, 23°30[END_REF]2010).

The intersection between a spreading ridge and a transform fault is a setting where oceanic core complexes commonly develop. Among such so-called "intersection massifs", those to the south of the Kane Fracture zone [START_REF] Dick | Plutonic foundation of a slow-spreading ridge segment: Oceanic core complex at Kane Megamullion, 23°30[END_REF]2010) were particularly well surveyed.

There, the concept of "plutonic growth faults" was introduced to account for addition of magma directly to the lower crust with minor counterparts in the erupted lavas. This context is favourable to the deformation and rotation of the lower crustal cumulates at an early stage of crystallization. This tectonic imprint pre-dates the last magmatic pulses as attested by the frequent occurrence of cross-cutting dykes (gabbro, diorite and diabase) in the dredged samples [START_REF] Dick | Mantle melting, melt transport, and delivery beneath a slowspreading ridge: the paleo-MAR from 23°15'N to 23°45[END_REF] and by the local imprint of very high temperature ductile deformation recording normal faults kinematic as observed in the cores sampled during the ODP Leg 153, Holes 921-923 [START_REF] Cannat | Localization of ductile strain and the magmatic evolution of gabbroic rocks drilled at the Mid-Atlantic Ridge[END_REF][START_REF] Fletcher | Microfabrics and patterns of dynamic recrystallization in gabbroic rocks from the MARK area, Mid-Atlantic Ridge[END_REF].

The detachment faults along present-day core complexes have variable extents along strike, ranging from a minimum of about 15 km to several tens of kilometres. They are interrupted longitudinally by faults sub-perpendicular to the spreading axis. In the context of intersection massifs, high and low temperature mylonites develop along one edge in response to the strikeslip tectonics induced by the transform fault [START_REF] Dick | Mantle melting, melt transport, and delivery beneath a slowspreading ridge: the paleo-MAR from 23°15'N to 23°45[END_REF]. Brittle faults (breccias and cataclasites) are the rule at the other end of the detachment fault. This is remarkably close to the situation observed at Bahla. According to recent scenarios of formation and evolution of oceanic core complexes (e.g. [START_REF] Brun | Crustal versus mantle core complexes[END_REF], the sense of rotation of the gabbro layering approaching the northern fault is consistent with a spreading ridge located to the ENE of Bahla.

In this case, the Bahla massif would have formed along the WSW flank of the spreading center. This is in agreement with the fact that a paleo-ridge segment, witness of the last spreading activity recorded by the Oman ophiolite, has been frozen about 30 km to the NE of the Bahla massif, in a more internal part of the ophiolite [START_REF] Ceuleneer | Evidence for a paleo-spreading center in the Oman ophiolite: mantle structures in the Maqsad area[END_REF][START_REF] Ceuleneer | Thermal structure of a fossil mantle diapir inferred from the distribution of mafic cumulates[END_REF][START_REF] Nicolas | Accretion of Oman and United Arab Emirates ophiolite -Discussion of a new structural map[END_REF][START_REF] Python | Nature and distribution of dykes and related melt migration structures in the mantle section of the Oman ophiolite[END_REF]. To invoke ridge jumps is another possibility. In this case, the accretion could have stopped along the internal paleo-ridge segments before the accretion of the Bahla massif, in reaction to the complex changes in stress field that likely preluded the inversion from divergence to convergence.

A major difference with the present-day core complexes is the non-cylindrical geometry at Bahla where the strike slip mylonitic fault is oriented at about 45° from the main detachment and has a significant normal fault component. This fault pattern evokes a context of a pull apart basin developing in response to north-westward ridge propagation and oblique extension. Ridge propagation has been invoked to account for complex structuration in the Oman ophiolite, in particular the cross-cutting relationships in the gabbroic section and in the sheeted dyke complex (e.g. [START_REF] Reuber | Complexity of the crustal sequence in northern Oman ophiolite (Fizh and southern Aswad block): the effect of early slicing?[END_REF]MacLeod and Rothery, 1992). It has been related to the reorganization of the plate motion that characterizes upper Cretaceous times (e.g. [START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF] and that eventually resulted in the major episode of ophiolite emplacement on the Arabian margin [START_REF] Ceuleneer | Structure des ophiolites d'Oman : flux mantellaire sous un centre d'expansion océanique et charriage à la dorsale[END_REF][START_REF] Agard | Plate acceleration : the obduction trigger ? Earth Planet[END_REF]. The accretion of the Oman ophiolite occurred during the regional inversion of extension to convergence, the main evidence being provided by the overlap between the crystallization ages of the evolved crustal lithologies dated so far and the ages of amphibolites from the metamorphic sole. The stress field in which the future ophiolite accreted was likely already partly impacted by this major reorganization which favoured the opening of pull-apart basins, ridge propagation and/or ridge jumps. Accordingly, we tentatively interpret the Bahla massif as a witness of the opening of small pull-apart oceanic basins in a context of northward ridge propagation along the Oman continental margin (Fig. 13). The age of the plagiogranite (95.2 Ma) provides a minimum estimate of the age of accretion. It formed during the late stages of activity of the Bahla synaccretion faults and early stages of intra-oceanic thrusting or nascent subduction. While the deformation along the main normal fault stopped early, permitting the preservation of high temperature structures with very minor overprint of low temperature deformation and alteration, the mylonitic strike slip fault was likely active a bit longer, up to the emplacement of the plagiogranite plug whose source was contaminated by melts or fluids from the nascent metamorphic sole.

In the present-day setting, the life time of plutonic growth faults and of related igneous activity (including the last dyke injection events in off-axis position) is rather well constrained by magnetic data and rock sampling in present-day setting; it is of the order of 1 to 2 million years [START_REF] Dick | Plutonic foundation of a slow-spreading ridge segment: Oceanic core complex at Kane Megamullion, 23°30[END_REF]. Accordingly, we can guess that igneous accretion started at Bahla 96 to 97 million years ago. As plutonic growth faults are common features at slow spreading centres, the opening of the Semail basin may have started in slow spreading conditions before evolving, for a short period of time, into fast spreading before the death of the system preluding the compressive movements. Alternately, plutonic growth faults might exist in fast spreading settings where they are hidden below lava flow due to higher extrusive rates (e.g. [START_REF] Sauter | Sub-axial deformation of oceanic lower crust : insights from seismic reflection profiles in the Enderby basin and comparison with the Oman ophiolite[END_REF].

Conclusion

Early faulting and its consequences are not included in oceanic accretion models inspired by studies in Oman. The local impact of syn-magmatic faults was initially revealed by field and petrological studies in the Maqsad area [START_REF] Abily | Syn-magmatic normal faulting in the lower oceanic crust: evidence from the Oman ophiolite[END_REF][START_REF] Rospabé | Melt hybridization and metasomatism triggered by syn-magmatic faults within the Oman ophiolite: a clue to understand the genesis of the dunitic mantlecrust transition zone[END_REF]. Evidence from the Bahla massif indicate that former plutonic growth faults can condition the general structure and influence the petrological evolution of entire massifs, i.e. at a much larger scale.

The data presented in this paper led us to reconsider some common views about the tectonic setting of the Oman ophiolite, and to speculate about its possible evolution. The Oman ophiolite is a complex heterogeneous geological object. Clearly, the paradigm of viewing the Oman ophiolite as a whole as the archetype for fast-spreading oceanic crust accretion (whether midocean ridge or subduction related) should be nuanced.

Fig. 1 .

 1 Fig. 1. (a) Location of the Bahla massif on a Google Earth image of the Northern Oman Mountains. The approximate position of the thrust front of the ophiolite is shown by the black line with triangles. The scale is indicative and valid only for the foreground of the image due to the oblique view. (b) Geological map of the Bahla massif modified afterWyns et al. (1992) andBéchennec et al. (1992). The orientation of the layering (averaged per site) is shown as grey symbols.
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Fig. 2 .

 2 Fig. 2. Structures along the northern mantle-crust boundary affected by a high temperature normal ductile shear zone. (a) Foliation in the porphyroclastic-submylonitic peridotite; (b) Highly stretched pyroxenite banding in the mantle peridotite, the dashed lines showing vertical foliation planes; (c) Gneissic structures in olivine gabbros from the lower crustal section, white bands rich in plagioclase alternating with dark bands rich in olivine and pyroxene (N22°58'14", E57°20'10"); (d) Foliation in deformed gabbroic (left) and ultramafic cumulates (right), underlined by a schistose parting in the ultramafic interval (N22°58'52", E57°18'32"); (e) Progressive flattening of the cumulate layering to the south, away from the mantle-crust boundary located a few hundred meters to the left of the photograph; (f) Field evidence for a normal fault shear sense in the deformed lower crustal cumulates (N22°58'14", E57°20'10").

Fig. 3 .

 3 Fig. 3. Structures along the southwestern mantle-crust boundary affected by a mylonitic shear zone. (a) General view, schistose parting and deformation orientation at local scale are highlighted by the white dashed lines; (b) Detail on gabbro deformed and metamorphosed in the greenschist facies showing the linear habit of the deformation (N22°59'14", E57°13'37"); (c) Deformed gabbronorite dyke showing a flaser structure with hornblende (Hb) recrystallization tails around pyroxene (Px) porphyroclasts; (d) Crenulations in the same gabbros (thin section in transmitted light, uncrossed Nicols), An: anorthite plagioclase, Hb: hornblende (N22°57'36", E57°15'07").

Fig. 4 .

 4 Fig. 4. Breccia with gabbroic clasts embedded in a carbonate-prehnite matrix typical of the eastern mantle-crust boundary (N22°54'53", E57°22'09". (a) General view, G: gabbroic clast, P: peridotite clast; (b) thin section view (in transmitted light, uncrossed Nicols), Chl: chlorite, Cpx: clinopyroxene, Prh: prehnite.

Fig. 5 .

 5 Fig. 5. Décollement (sub-horizontal "cold fault") at the mantle-crust boundary in the central part of the massif (N22°57'42", E57°15'32"). Note the highly dipping (southward, dashed lines) deformed layered gabbros at high angle to the faulted contact with the underlying transition zone dunites. (a) General view; (b) Asbestos formation in the décollement.

Fig. 6 .

 6 Fig. 6. Tonalitic-trondhjemitic intrusions (whitish outcrops) in mantle peridotite (brownish outcrops) along the southwestern mylonitic shear zone. (a) Google Earth image showing the extent and the general orientation (NW-SE to NNW-SSE) of these intrusions. The main outcrops of the largest intrusion are highlighted by the red dashed lines, and smaller occurrences are shown by red arrows; (b) Outcrop view on the main undeformed plug; (c) Deformed felsic dyke showing boudinage.

Fig. 7 .

 7 Fig. 7. Post-tectonic olivine gabbro dykes cross-cutting the deformed and tilted layered gabbros near the northern ductile fault.

Fig. 8 .

 8 Fig. 8. Igneous facies in the undeformed lower crustal cumulates. (a) Opx-troctolite (sample 08BA8Fb ZII); (b) Subhedral opx crystal in an opx-troctolite (sample 09BA14 ZI; N22°54'26", E57°19'50"); (c) Cumulate cpx-harzburgite with poikilitic opx (sample 09BA14 ZI).

Fig. 11 .

 11 Fig. 11. Trace elements content of clinopyroxene determined with LA-ICP-MS. Grey lines: data on lower crustal cumulates from other massif of the Oman ophiolite(Abily, 2011, Korenaga and Kelemen, 1997;[START_REF] Müller | A petrological and geochemical cross section of lower crust at the Wadi Gideah (Samail ophiolite): Implications for the crustal accretion at fast-spreading mid-ocean ridges[END_REF][START_REF] Yamasaki | Geochemical evidence in clinopyroxenes from gabbroic sequence for two distinct magmatisms in the Oman ophiolite[END_REF]. Each pattern represents the average values for one sample. Symbols as in Figure10.

Fig. 12 .

 12 Fig. 12. Yb and sum of REE in clinopyroxene reported as a function of XMg of clinopyroxene and of modal content of olivine.

Fig. 13

 13 Fig. 13. A simplistic sketch illustrating a possible tectonic context for the formation of the Bahla massif (propagation is to the NW). Modified from Brun et al. (2018).
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