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The Western Tyrrhenian Sea revisited: New evidence for a rifted basin during the Messinian Salinity Crisis

In the last fifty years, the Messinian Salinity Crisis (MSC) has been widely investigated in the Mediterranean Sea, but a major basin remains fewly explored in terms of MSC thematic:

the Western Tyrrhenian Basin. The rifting of this back-arc basin is considered to occur between the Middle-Miocene and the Early-Pliocene, thus including the MSC, giving a unique opportunity to study the crisis in a context of active geodynamics. However the MSC seismic markers in the Western part of the Tyrrhenian Sea have only been investigated in the
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INTRODUCTION

The rifting of the Western Tyrrhenian Basin is interpreted to occur from middle-Miocene times to the Early-Pliocene [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF][START_REF] Sartori | The main results of the ODP Leg 107 in the frame of Neogene to recent geology of perytyrrhenian areas[END_REF][START_REF] Sartori | The Tyrrhenian back-arc basin and subduction of the Ionian lithosphere[END_REF][START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF]2004;[START_REF] Carminati | Geodynamic evolution of the central and Western Mediterranean: Tectonics vs. igneous petrology constraints[END_REF]. Several authors thus consider Tortonian p.p. to Pliocene p.p. deposits as syn-rift sediments [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF]2004). The Western part of the Tyrrhenian Sea (i.e., the Eastern Sardinian margin, Figure 1) then constitutes a major target regarding the Messinian Salinity Crisis (MSC) problematics, as it gives a unique opportunity to study the crisis in a context of active geodynamics. However, the MSC has been fewly investigated in the Western Tyrrhenian Basin and some of the MSC seismic markers have been mapped across the Eastern Sardinian margin in the early eigthies [START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF][START_REF] Malinverno | Distribution of Messinian sediments and erosional surfaces beneath the Tyrrhenian. Sea: geodynamic implications[END_REF]Moussat, 1983). In addition the status of this basin during the MSC ("peripheral shallow", "intermediate" or "deep" water) is still unclear,
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3 although it is considered as an intermediate depth depocenter equivalent to the Sicilian Caltanissetta Basin in recent studies (Roveri et al., 2014a(Roveri et al., , 2014b)).

In this article we revisit the Western Tyrrhenian Basin using a recent dataset of 2400 km high-resolution seismic reflection profiles, acquired during the "METYSS 1 and 3" research cruises (Messinian Event in the Tyrrhenian from Seismic Study; [START_REF] Gaullier | Salt tectonics and crustal tectonics along the Eastern Sardinian margin, Western Tyrrhenian: New insights from the[END_REF][START_REF] Lymer | Interactions entre tectonique crustale, tectonique salifère et sédimentation : la marge occidentale du Bassin Tyrrhénien[END_REF]. We identify the MSC seismic markers using the nomenclature defined by Lofi et al.

(see the "Seismic atlas of the Messinian Salinity Crisis markers in the Mediterranean and Black seas", Lofi et al., 2011a, b) and we use them to bracket the timing of the rifting across the Eastern Sardinian margin. We finally discuss the palaeo-bathymetry of the margin during the MSC and the implications on the emplacement of the MSC seismic markers in the Western Tyrrhenian Basin.

GEOLOGICAL SETTING OF THE EASTERN SARDINIA MARGIN

Morphology of the study area

The study area is located in the Western Tyrrhenian Sea, along the Eastern Sardinian margin (Figure 1). The margin is segmented in three physiographic segments (Figure 1):

1. The East-Sardinia Basin (200-2000 m water depth). The Orosei Gulf area includes several canyons, which merge to form the Orosei Canyon at the transition between the East Sardinia Basin and the Cornaglia Terrace (Figure 1). North of the Orosei Gulf, the East-Sardinia Basin is 10 km to 20 km wide and is bounded eastward by the Baronie Ridge (Figure 1). South of the Orosei Gulf, the basin is up to 40 km wide and is bounded eastward by the Sardinia and Quirra Seamounts. The Sarrabus Canyon trends to the North-East from the East-Sardinia Basin to the Cornaglia Terrace along the southeast flank of the Sardinia Seamount (Figure 1); Seamount (Figure 1). The Orosei Canyon and its associated meandering deep channel cut this large step in an overall E-W direction (Figure 1);

3. The Tyrrhenian Basin stricto sensu corresponds to the deep-water domain, with water depths varying from 3000 m to 3600 m. It includes the Magnaghi Basin, which is delineated westward by the Central Fault [START_REF] Réhault | The Tyrrhenian Sea before LEG 107[END_REF] marked by a huge bathymetric scarp underlined by the Major Seamount (Figure 1).

Geodynamics

The Tyrrhenian Sea is a Neogene back-arc basin that opened by continental rifting and oceanic spreading related to the eastward migration of the Apennine subduction system from middle Miocene to Pliocene times [START_REF] Malinverno | Extension in the Tyrrhenian Sea and shortening in the Apennines as result of arc migration driven by sinking of the lithosphere[END_REF][START_REF] Gueguen | On the post-25 Ma geodynamic evolution of the Western Mediterranean[END_REF] p.p. deposits as syn-rift sediments [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF]2004), meaning that the MSC would be syn-rift along the Eastern Sardinian margin. The extension direction during rifting was roughly E-W, as shown by the N-S trending normal faults that form the present-day stepped physiography of the study area (Figure 1) [START_REF] Malinverno | Extension in the Tyrrhenian Sea and shortening in the Apennines as result of arc migration driven by sinking of the lithosphere[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]; [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF]. [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF] also described some transverse lineaments, such as the Orosei Canyon Line (OCL; Figure 1). The OCL has been interpreted as a transfer fault that separated the Cornaglia Terrace in two domains that have been subjected to different amounts of extension during rifting [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF].

About recent tectonic activity, [START_REF] Gaullier | Salt tectonics and crustal tectonics along the Eastern Sardinian margin, Western Tyrrhenian: New insights from the[END_REF] and [START_REF] Lymer | Interactions entre tectonique crustale, tectonique salifère et sédimentation : la marge occidentale du Bassin Tyrrhénien[END_REF] demonstrated the existence of significant post-MSC crustal deformation along the Eastern Sardinian Margin.

They particularly pointed out clear crustal structures in the MSC and Plio-Quaternary brittle sedimentary strata, including both extensional and mild compressional deformations. Some of these structures locally show very recent crustal activity, probably late Quaternary in age.

Plio-Quaternary deformation has affected the inner Sardinian margin [START_REF] Gaullier | Salt tectonics and crustal tectonics along the Eastern Sardinian margin, Western Tyrrhenian: New insights from the[END_REF], previously assumed to have experienced very weak or no recent crustal activity (Mascle and [START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF], although [START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF] have invoked strong post-MSC vertical motions in order to explain the present-day stepped architecture of the MSC markers accross the margin.

Sedimentary framework

Drilling results from ODP sites 654 and 653 (Leg 107) [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF], located respectively on the western and eastern sides of the Cornaglia Terrace (Figure 1), have provided data on the composition and age of the cored sediments and have allowed correlations with the seismic units. ODP Site 653 is located very close to the older DSDP Site 132 (Figure 1) [START_REF] Ryan | Geodynamic implication of the Messinian crisis of salinity[END_REF]. Drills from the three sites reached beyond the
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of the MSC depositional sequence (Figure 2). Only site 654 provided cores from pre-MSC units, correlated to a vertical succession of pre-rift, syn-rift and post-rift sequences (Figure 2A).

On Site 654, we differentiate four seismic units (Figure 2). Seismic unit 4 is the oldest (Figure 2A) and corresponds to lithostratigraphic unit VI from [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. It is made of conglomerate and iron-oxide-rich matrix attributed to continental depositional setting, such as an alluvial fan. Age of unit 4 is unknown, but it is assumed to be pre-rift [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF][START_REF] Sartori | The main results of the ODP Leg 107 in the frame of Neogene to recent geology of perytyrrhenian areas[END_REF].

Seismic unit 3 (Figure 2A) corresponds to lithostratigraphic units V and IV from [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. Unit V corresponds to oyster-bearing glauconitic sands from nearshore shallow-water environment. Unit IV is a nannofossil chalk sequence showing a fully marine environment.

Age of unit IV is Tortonian to Early Messinian (Figure 2A), based on benthic foraminiferal assemblages [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]). Thus, lithostratigraphic units VI, V and IV have recorded an evolution from restricted marine to open deep marine environments, attributed to the rifting of the margin [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF], which is consistent with the fan-shaped geometry of seismic unit 3, associated with a crustal normal fault visible westward of the drill site on the MYS12 seismic line (Figure 2A). It shows that a large amont of tectonic subsidence occurred before the MSC [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF].

Seismic unit 2 corresponds to the lithostratigraphic units III and II from [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF], both related to the MSC. Lithostratigraphic unit III is made of finely-layered claystone and siltstone rich in organic carbon, dolomite and siliceous fossils such as radiolarians, diatoms and sponge spicules, but with rare or absent foraminifera and no calcareous nannoplankton.

The evaporitic free lithostratigraphic unit III is interpreted as a "salinity crisis lithofacies"

ACCEPTED MANUSCRIPT

A C C E P T E D M A N U S C R I P T

7 that marks the onset of restricted marine conditions related to the MSC, deposited in a lowenergy setting and associated with a high degree of evaporation in the waters [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. Lithostratigraphic unit III is considered by [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF] as being syn-rift on the base of the presence of micro-faults within the fine sedimentary layers, but this same unit is not considered as syn-rift anymore by [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. The syn-rift deposition of lithostratigraphic unit III will be discussed in section 6. The evaporitic lithostratigraphic unit II is interpreted as being accumulated during the MSC desiccation event and is considered to be post-rift [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF]Cita et al., 1990;[START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. In a recent stratigraphic revision of the sedimentary facies cored at ODP site 2). The age of this unit is Plio-Pleistocene [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]). Drilling at Site 654 moreover encountered a thin basalt layer located near the Pliocene-Pleistocene boundary [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF]. This layer corresponds to a highly reflective horizon on the MYS12 seismic line (Figure 2A). Seismic units 1 and 2 are attributed to the post-rift sequence, which means that the syn-rift/post-rift transition at sites 654 took place during Early Messinian times [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]).

THE MESSINIAN SALINITY CRISIS IN THE WESTERN MEDITERRANEAN

BASINS

Less than 6 My ago, the Mediterranean Sea underwent rapid and dramatic paleoenvironmental changes during the Messinian Salinity Crisis (MSC) [START_REF] Hsü | The origin of the Mediterranean evaporates[END_REF]. This short-term episode at the geological scale (~5.97-5. 

Peripheral shallow basins

The peripheral shallow basins (Figure 3 

Intermediate basins

Sicily 

Bottom Erosion Surface (BES) and Top Erosion Surface (TES).
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DATA SET AND METHODOLOGY

Seismic data

For this study, 50 high-resolution seismic profiles (~2400 km) have been acquired along the Eastern Sardinian margin, onboard the R/V "Téthys II" (INSU-CNRS) during the "METYSS 1" and "METYSS 3" cruises, in June 2009 [START_REF] Gaullier | Salt tectonics and crustal tectonics along the Eastern Sardinian margin, Western Tyrrhenian: New insights from the[END_REF] and April 2011 (Figure 1).

The seismic system was a mini-GI (SODERA) air gun and a 6-channel 25 m streamer. The profiles obtained were processed using the Géovecteur© software package. The processing sequence aimed at improving the signal-to-noise ratio, and included the following steps:

Common Mid-Point (CMP) gathering, gain recovery, normal moveout correction using variable velocity, CMP-stack (fold of coverage of 6), post-stack Kirchhoff migration, and time-variable frequency filtering. Because of the seismic device used during the METYSS survey, the maximum offset did not exceed 250 m, so that no velocity model can be inferred from our dataset. With no velocity information, the main purpose of seismic migration was to focus most of the diffraction artifacts that typically hide the salt diapir flanks. Tests on the migration velocities have indicated that the hyperbolas best focus for RMS-velocities of 1500 m/s on the margin, and for velocities ranging between 1500 m/s and 1700 m/s within the deep basin, where there are salt diapirs.

Methodology

The seismic lines were interpreted according to the rules of seismic stratigraphy (Mitchum and Vail, 1977). When identified, the MSC markers were correlated across the study area and subsequently mapped using the Kingdom suite© software package. When presented in meter, the depths and thicknesses of the different units were obtained by converting time to depth using typical values for the internal seismic velocities of the different units, namely: 1500 m/s for the water column, 1800 to 2200 m/s for the Pliocene-Quaternary overburden, 3500 m/s for the Upper Unit, and 4500 m/s velocity for the Mobile Unit [START_REF] Réhault | The western Mediterranean basin, geological evolution[END_REF]. The
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14 seismic line MYS12 (Figure 2A) was acquired in the the vicinity of the ODP site 654 (Figure 1) and shows the same seismic succession than the one observed by [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF] and [START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF] in this area of the margin, allowing to project the ODP site 654 on the METYSS dataset.

MAIN RESULTS

The interpretation of the "METYSS" seismic profiles enabled us to identify the following seismic units and surfaces.

Post-MSC units: Pliocene-Quaternary

The most recent unit along the Eastern Sardinian margin corresponds to the Plio-Quaternary, labelled "PQ", which overlays the MSC seismic markers (Figures 4,5). The PQ unit is either split into two sub-units having different seismic facies, or is locally homogeneous. Where the two sub-units are observable, the oldest one is characterized by continuous reflectors of low to moderate amplitude. The reflectors are either sub-parallel (Figure 5) or locally divergent (Figure 6, CDP 1100 to 1800). This sub-unit is considered to be Early-Pliocene in age, since it directly overlains the MSC seismic markers. The most recent PQ sub-unit is considered to 

Pre-MSC units

The oldest terranes observed on the seismic lines are labeled "pre-MSC" and include the Hercynian basement, some sedimentary units from Jurassic to Miocene in age, or magmatic material [START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF][START_REF] Sartori | The main results of the ODP Leg 107 in the frame of Neogene to recent geology of perytyrrhenian areas[END_REF][START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF].

The pre-MSC units are best visible where the MSC units are thin or absent (Figures 4, 5 and6). Locally, we can differentiate several types of pre-MSC reflectors on the basis of their geometries. One such example is illustrated by Figure 4 (pink and blue horizons).
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The pink horizons appear sub-parallel and significantly tilted toward the East (Figures 4 and6). We consider the age of the pink horizons to be pre-MSC. Indeed, our pink unit correlates well with the sub-unit B3.2 interpreted by [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF], which has been sampled on the Sardinia Seamount (core BS77-19, Figures 1 and6) and dated from Tortonian s.l. age. In addition, where observed, the pink horizons are truncated (Figures 4, 5 and 6), either by the MES or the BES, which is coherent with a pre-MSC age of the deposits which would have been eroded during the MSC. Specifically, below the Sardinia Seamount (Figure 6), the pink reflectors are eroded both eastward and the westward, showing the spectacular erosive characteristic of the MES. One could argue that the pink horizons correspond to the PLG, whose top is marked with the MES. However we do not think the pink horizons correspond to the seismic signature of evaporites. In addition the deposition of the pink unit on the flanks of the present-day basins (Figures 4 and6), while the MSC units accumulated in the deepest parts of the present-day basins, suggest a switch in the location of the depocenters between the two units, requiring a certain amount of time that is also consistent with a pre-MSC emplacement of the pink unit.

Where observable, blue reflectors present a clear fan-shaped geometry associated with crustal normal faults (Figures 2A, 4 and5). This strongly support that the blue horizons correspond to the syn-rift deposits. On the continental slope and on the Quirra Seamounts, the age of synrift deposits is unknown, but the blue reflectors are located below the pink reflectors and below the MSC seismic markers (Figures 4 and5). The blue syn-rift horizons are therefore unambiguously pre-MSC in age. According to the estimated age of the pink unit on the Sardinia Seamount [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF], the age of the syn-rift deposits could be contained somewhere between the beginning of the Miocene and part of the Tortonian, or the Langhian [START_REF] Carminati | Geodynamic evolution of the central and Western Mediterranean: Tectonics vs. igneous petrology constraints[END_REF]. At Site ODP 654, the blue reflectors also display a fan-shaped geometry (Figure 2A) and have been dated to be Late Tortonian to Earliest Messinian in age ACCEPTED MANUSCRIPT
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16 [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]. Moreover, on figures 4 and 5, crustal normal faults do not affect the MSC markers, implying that crustal tectonics activity of these faults stopped before the MSC and confirming that the syn-rift period is pre-MSC.

MSC seismic markers: Messinian surfaces

We labelled the MSC surfaces according to the nomenclature of the Seismic Atlas of the MSC (Lofi et al., 2011a).

Margin Erosion Surface (MES)

On the Eastern Sardinian margin, the MES corresponds to a high-amplitude reflector. The truncation of underlying pre-MSC reflectors shows that this is an erosion surface (Figures 4 and6). It can be attributed to the MES, because it is laterally geometrically connected to the MSC deposits (Figures 5, 6, 7, 8, 9).

The East-Sardinia Basin

The MES progressively deepens from the coast towards the East-Sardinia Basin (Figure 10).

Upslope the MES displays rough and valley-like morphologies (Figures 4 and6). The Early-Pliocene deposits, or PQ deposits where the sequence is homogeneous, directly fill the MSC paleo-valleys (Figures 4 and6). The depth of incision of the MSC valleys is generally less than 110 m, although one major valley has incised the pre-MSC series by approximately 280 m (Figure 4, CDP 1740). Downslope, the MES is markedly smoother. It passes laterally to the BS/BES and TS/TES where the deep basin MSC deposits onlap the slope (Figures 6, 9

and 10).

The Cornaglia Terrace

The present-day bathymetry of the studied area is marked by several structural highs (Quirra Seamounts, Sardinia Seamount, Baronie, Caprera and Onifai Ridges), particularly at the transition between the East-Sardinia Basin and the Cornaglia Terrace (Figure 1). On top of these highs, the observed erosion surface is interpreted as being the MES (Figure 10) because
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it laterally passes in some places to the BS/BES and TS/TES (for instance the top of the UU on Figures 5, 6 CDP 1300 and 3070, 7 and 8). The MES deepens from the top of the highs toward the surrounding basins (Figure 10). The Early-Pliocene deposits lie directly onto the MES, as it is the case on the flanks of the East-Sardinia Basin (Figure 6).

At the top of isolated structural highs, such as the Cornaglia Seamount (Figure 10), the observed erosion surface cannot be undoubtedly attributed to the MES and is then labelled as "probable MES" (Figure 10). The structural disconnection between the erosion surface and the MSC deposits (Figure 11), does not allow constraining the age of the erosion.

Netherveless, we interpret this surface as being the MES because the MSC units (UU and MU) pinch out at the foot of the structural highs, suggesting that no MSC sediments were deposited on the highs (Figure 11). In addition, local dredges from the top of the Cornaglia Seamount and the Baronie Ridge provided samples from the Variscan basement, with neither MSC nor PQ strata [START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF]2004). Where the Early-Pliocene series are absent, it remains difficult to confirm the age of the erosion surface. Indeed, the surface could be pre-MSC in age, and/or have been reactivated later during Plio-Quaternary times. However, the MSC is the most probable last event at the origin of an erosion surface in the study area.

Bottom Surface/Bottom Erosion Surface (BS/ BES) -Top Surface/ Top Erosion Surface (TS/ TES)

The BES/BS is generally difficult to observe where the MU is thick, as both the base of the MU and pre-MSC units are poorly imaged on our seismic data. We can detect the BS only where the salt is relatively thin. Locally, the BS shows signs of erosion (truncated pre-MSC reflectors) and is labeled BES (Figures 5 and6). At the edges of the basins, the BES is an unconformity between pre-MSC series and the onlaping UU (Figures 5,6 and 11). It locally continues below the pinch-out of the MU (Figure 7). The TS constitutes a continuous
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18 conformable high amplitude reflector (Figure 5). Locally, the TS shows evidence of erosion (truncated reflectors in the Upper Unit) and is labeled TES (Figure 5, CDP 3700 to 4600).

MSC markers: Messinian units

The Upper Unit (UU)

The UU roughly corresponds to the lithostratigraphic unit II from [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF] 

The East-Sardinia Basin

In the East-Sardinia Basin (Figure 10), the UU is an aggrading unit that laterally onlaps onto the foot of the bounding structural highs (e.g. the Quirra Seamounts; Figure 5). In the northern part of the East-Sardinia Basin, west of the northern tip of the Baronie Ridge, the thickness of the UU decreases from the center of the basin toward the edges (Figure 12). The TS/TES becomes progressively shallower from the center to the edges of the basin (Figure 10): We observe the top of the UU at 3.1 stwtt depth (~2550 m) in the center of the basin (Figure 7, CDP 5450) and at about 2.5 stwtt depth (1800 m) where the UU pinches out (Figure 7 CDP 3500). Northward, the UU thins much toward the East-Corsica Basin (Figure 12). It is locally 0.02 stwtt thick, i.e. 35 m. There, the top of the UU is eroded and shallow (Figure 10), less than 2 stwtt depth (~1300 m) (Figure 9 CDP 4150 to 6700).
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In the Southern East-Sardinia Basin, we observe the thickest UU (0.23 stwtt, ~ 400 m) south of the Sardinia Seamount (Figure 12). Elsewhere west of the Sardinia and Quirra Seamounts, the thickness of the UU is roughly less than 0.15 stwtt (~260 m; Figure 12). The top of the UU deepens at the present time from the south toward the Orosei Gulf (Figure 10): We observe the top of the UU at 2.6 stwtt depth (~2000 m) against the Quirra Seamounts (Figure 5, CDP 2650); Northward, the UU onlaps the western flank of the Sardinia Seamount at 3 stwtt depth (i.e. ~2500 m; Figure 6, CDP 1770).

The Orosei Canyon area

The seismic facies of the UU looks unusual near the Orosei Canyon, north and northeast of the Sardinia Seamount (Figures 12 and13), where it corresponds to several continuous, parallel, high-amplitude, and medium-frequency reflectors (Figure 13D). It also includes some local lenticular transparent sections (Figure 13C) and internal unconformities. We interpret this unit as belonging to the UU because it is located above the MU (Figure 13) and laterally related with the MES on the Sardinia Seamount (Figure 6, eastern part). However we labelled it as "chaotic UU" because we support that its particular seismic facies shows that the lithology is probably made of evaporites and a higher proportion of clastic deposits compared to the classic UU. This can be explained by the proximity of the Orosei Canyon, as Canyon area. In addition, this area is enclosed between several structural highs that have been eroded and where we observe the MES (Figure 12). The Orosei Canyon area could thus have accumulated products of erosion from the surrounding highs.
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South of the Baronie Ridge, in front of the Orosei Gulf, the chaotic UU is thick (> 500 m, Figure 12). It thins out toward the surrounding structural highs, where the unit pinches off (Figure 6 and 12). The top of the chaotic UU deepens toward the northern part of the East-Sardinia Basin and the Cornaglia Terrace in the southeast (Figure 10), whereas it becomes shallower toward the structural highs (Figure 10). Figure 13 shows several normal faults affecting the chaotic UU and rooted at depth on the MU. We assume that these faults are related to salt tectonics, i.e. gravity gliding along the basement slope (e.g., Vendeville and Cobbold, 1987;[START_REF] Cobbold | Some experiments on interacting sedimentation and deformation above salt horizons[END_REF].

The Cornaglia Terrace

On the eastern foot of the Baronie Ridge, in the northern part of the Cornaglia Terrace, the UU accumulated in isolated troughs (Figure 12) where the UU is thin, roughly < 0.15 stwtt (i.e., < ~260 m). The top of UU deepens eastward across the northern part of the Cornaglia Terrace: In a trough located between the Baronie and Onifai Ridges, the UU pinches-out at 2.9 stwtt depth (i.e., 2125 m, Figure 8, CDP 2200); Previous works by Moussat (1983) show that the UU extends east of the Onifai Ridge, until the ODP site 653 (Figure 12), where the UU is thin (0.12 stwtt, i.e., 210 m) and the TS lies at 4 stwtt depth (i.e., 3060 m; Figure 2B, CDP 4140).

In the southern part of the Cornaglia Terrace, the UU extends from the eastern side of the Quirra Seamounts to the Major Seamount (Figure 12). The UU is thickest north and south the Cornaglia Seamount (Figure 12), where it locally reaches 0.4 to 0.45 stwtt thick (700 m to 790 m; Figure 14). The top of the UU deepens eastward across the southern part of the Cornaglia Terrace: it lies at 3.20 stwtt depth (~2450 m) at the eastern foot of the Quirra Seamounts (Figure 5, CDP 1640) and deepens at more than 4 stwtt depth (~3500 m) east and northeast of the Cornaglia Seamount (Figure 10).
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The UU in the East Sardinia Basin and the Cornaglia Terrace: comparison

In the East-Sardinia Basin the UU is thin, in average less than 0.2 stwtt (i.e., 350 m). On the Cornaglia Terrace, the thickness of the UU is comprised between 0.2 stwtt (i.e., 350 m) and 0.45 stwtt (i.e., 790 m). The UU is particularly thick in the southern part of the terrace, twice as much as in the East-Sardinia Basin (Figure 12).

In the East-Sardinia Basin (Figure 10), the top of the UU lies within a range from 2.5 to 3 stwtt (1800 m and 2500 m), excepted in its northernest part where the top of the UU is very shallow (less than 2 stwtt; 1300 m depth). On the Cornaglia Terrace, the top of the UU lies within a range from 2.9 to 4 stwtt (2100 m to 3100 m) depths in the northern terrace, and 3.20 to 4 stwtt (2400 to 3500 m) in the southern terrace. At the present day, the top of the UU lies significantly deeper on the Cornaglia Terrace than in the East-Sardinia Basin, by 300 m to 1000 m when comparing the highest and deepest values in both basins.

The Mobile Unit (MU)

The Basin and the Cornaglia Terrace also display some smaller scale patches of MU. Everywhere the MU pinches out against the basement highs (e.g. Figure 13).

The East-Sardinia Basin

In the northern part of the East-Sardinia Basin, west of the northern tip of the Baronie Ridge, the MU is thin (<0.12 stwtt, ~270 m; Figure 7) and its top deepens from the edges of the The MU pinches off against the structural highs at the rims the East-Sardinia Basin (Figures 5 and7).

The Orosei Canyon area

North and northeast of the Sardinia Seamount, some small patches of MU are present in the Orosei Canyon area (Figure 15). The MU is thin, between 0.06 stwtt and 0.11 stwtt thick (~135 to 250 m). Its top is located between 2.92 stwtt (~ 2440 m) and 3.42 stwtt depth (~2770 m) (Figure 13). Along the southern flank of the Baronie Ridge we also observe two patches of MU in the channel of the Orosei Canyon (Figure 15).

The Cornaglia Terrace

In the northern part of the Cornaglia Terrace, at the eastern foot of the Baronie Ridge, the MU is confined within isolated basins (Figure 15). Eastward, between the Onifai Ridge and ODP Site 653, the MU is about 0.2 stwtt thick (~450m; Figure 2B). Its top deepens from the Baronie Ridge (3.25 stwtt depth, ~2625 m; Figure 15) towards the east (4.1 stwtt depth, ~3240 m; Figure 2B).

In the southern part of the Cornaglia Terrace the MU is thick, from 0.2 stwtt to more than 0. of the UU corresponded to palaeo-bathymetric or topographic highs that underwent sub-aerial erosion during the MSC. Accordingly, we used the MSC markers of the Eastern Sardinia margin as tools to understand the paleomorphology of the margin during the MSC.

Paleogeography of the Eastern Sardinia margin during the MSC

The MSC units as markers of Messinian bathymetric lows

The present-day Eastern Sardinian margin displays two main MSC basins: the East-Sardinia

Basin and the Cornaglia Terrace (Figure 10), the second deeper than the first. The presence of the MSC units in these basins means that they were already structured during the MSC, forming bathymetric lows which allowed for the deposition of the MU and UU. The MSC units logically accumulated in grabens previously formed during the rifting, and that offered accommodation (Figure 10). This is consistent with the fan-shaped reflectors (in blue on 

The Margin Erosion Surface (MES) as a marker of Messinian topographic highs

Along the Eastern Sardinian margin, the MES extends on the uppermost continental slope and at the top of isolated structural highs visible in the present-day bathymetry (Figure 10).

On some local highs, an erosion surface geometrically disconnected from the MSC units is observed (Figure 11). We assume that this erosion surface corresponds to the MES overlain by PQ deposits. It implies that the structural highs were already forming topographic highs during the MSC, elevated high enought to prevent deposition of the MU and UU accumulated in topographic lows.

On the continental slope offshore the Orosei Gulf the MES forms a network of palaeo-valleys that deeply incise through the pre-MSC deposits (Figure 4 ) and by the incorporation of clastic material within the UU (Figure 13).

If we support the MES mainly results from subaerial erosional processes, particularly upslope were its morphology is the roughest (Figure 4), we do not exclude the possibility of subaqueous reworking downslope where the MES is smoother (Figure 6 interpret the MES as being a diachronic and polygenic surface whose age covers the period of time between the first sea-level drawdown and the complete reflooding of the basin when the erosion stopped and the first Pliocene deposits sealed the erosion surface.

The Eastern Sardinia margin: a margin already segmented at the time of the MSC

In the Western Mediterranean basins, the MES has locally been evidenced on isolated structural highs that were formed before the MSC, along the West-and East-Corsica margins Because the present-day distribution of the MSC seismic markers in the Western Tyrrhenian Basin evidences the presence of MSC units in the present-day bathymetric lows and of the MES on the present-day topographic highs (Figure 10), we then conclude that the present-day Eastern Sardinia margin was already segmented with the same highs and lows during the MSC. Thus, the paleogeography of the margin included several small islands (for example the "Baronie Island" and the "Onifai Island"), subjected to subaerial erosion by the time of the MSC drawdown phase, whereas the MSC units were deposited in the basins around these islands.

The Western Tyrrhenian Basin: Which status during the Messinian Salinity

Crisis?

Timing of rifting along the Eastern Sardinia margin

It is very clear that the syn-rift markers (blue horizons on figures 4 and 5) are pre-MSC in age on the flanks of the East-Sardinia Basin and on the western Cornaglia Terrace. Firstly because they are buried below pre-MSC post-rift deposits (pink reflectors of Tortonian age).

Secondly, because the faults associated to the rifting do not affect this pre-MSC post-rift unit, or the MSC markers above (Figures 4 and5). In our opinion, these geometries support the interpretation that the rifting ended before the MSC in this sector of the Sardinia margin.

These observations are also consistent with the present-day distribution of the MSC seismic markers (Figure 10 and17) that shows the Eastern Sardinian margin was, as a result of the rifting, already segmented in horsts and grabens before the MSC.

Further east, at ODP Sites 654 and 653 (Figure 2), the lithostratigraphic units VI, V and IV, all pre-MSC in age, evidence a clear transgressive sequence related to the rifting of the margin [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF]). The Plio-Quaternary ooze and the
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MSC evaporites (Lithostratigraphic units I and II, Figure 2) have been interpreted as being post-rift in age [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Mascle | A revised seismic stratigraphy of the Tyrrhenian Sea: Implications for the basin évolution[END_REF], which is in good agreement with the pre-MSC age of the syn-rift markers on the upper continental slope (Figures 4 and5). An ambiguous interpretation concerns the lithostratigraphic unit III drilled at ODP site 654 (see section 2.3) and considered as being syn-rift on the base of micro-faults observed within the unit [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF]. Lithostratigraphic unit III is not included in the syn-rift sequence in later publications [START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF], suggesting an incertitude regarding the synrift character of this unit. This incertitude makes sense as the unit has been deposited during the first stages of the MSC [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]; Roveri et al., 2014a) thus recording the initiation of strong palaeo-environmental changes in settings of deposition.

Moreover, lithostratigraphic unit III being 36 m thick [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF][START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF], the seismic resolution is too low to allow for checking if this unit belongs or not to the synrift sedimentary fan observed on the seismic data (Figure 2A).

We interpret this lithostratigraphic unit III at site ODP 654 as being post-rift, in agreement with the observations further west. In this scenario, the micro-faults observed within cores [START_REF] Kastens | ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin evolution[END_REF]) could be related to other process, such as the development of polygonal faults, a common feature of claystones [START_REF] Cartwright | The genesis of polygonal fault systems: a review[END_REF] and post-rift sequences in rifted basins [START_REF] Cartwright | Episodic basin-wide hydrofracturing of overpressured Early Cenozoic mudrock sequences in the North Sea Basin[END_REF]. A conclusion of this reasonement is that in the East-Sardinia 

Bathymetric paleo-relief of the Eastern Sardinia margin at the end of the pre-MSC rifting

Across the Eastern Sardinian margin, the East-Sardinia Basin and the Cornaglia Terrace show a present-day stair-stepped geometry (Figure 17) inherited from the rifting phase. Both in the East-Sardinia Basin and on the Cornaglia Terrace, the MSC seismic units show the same seismic facies and the same organisation (Figure 17), i.e. with the MU underlying the UU.

The current locations of our seismic lines however do not allow us to clearly image the lateral continuity of the MSC units between the two basins. Previous studies [START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF]Moussat, 1983) mapped out paleo-connections between the two basins during the MSC (Figure 10, e.g. around the Sardinia Seamount), suggesting that the UU can be traced
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continuously from the East-Sardinia Basin to the Cornaglia Terrace. This lateral connexion suggests that the UU precipitated coevally in the Western Tyrrhenian sub-basins. However, the MSC series are clearly thicker on the Cornaglia Terrace compared to the East-Sardinia Basin (Figure 17) and the tops of the UU and the MU on the Cornaglia Terrace are currently lying 300 m to 1200 m deeper than in the East-Sardinian Basin. These differences in depth and thicknesses can be explained in different ways discussed hereafter.

The difference of thickness of the MSC units in each basin may firstly partly result from the pre-existing MSC paleo-topography coupled with the base-level changes during the crisis.

Indeed, the emplacement of the MU by evaporative drawdown [START_REF] Ryan | The nature and distribution of Messinian erosional surface: indication of a several-kilometer-deep Mediterranean in the Miocene[END_REF] 7 and9), we do not observe on the METYSS data any evidences for crustal post-MSC motions that would be strong enough to accomodate such a difference of depth between the East-Sardinia Basin and the Cornaglia Terrace. We do not observe neither any post-MSC major fault active at the transition between the East-Sardinia Basin and the Cornaglia Terrace (Figure 5) and the top of the UU, as well as the PQ reflectors, overall
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34 remain relatively flat and horizontal across the margin (Figure 17). A possible alternative explanation inferred by the prestructuration of the Sardinian margin would be that the UU was deposited below different water depths in the East-Sardinia and the Cornaglia Terrace, implying that both basins were possibly disconnected. In such a case, the different onlaps of the UU (Figure 17) could not be used as a tool to quantify the post-MSC deformation across the Eastern Sardinia margin. The emplacement of the UU at various water depth is however difficult to reconciliate with both the agrading geometry of the UU and its potential continuity [START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF]Moussat, 1983) from the East-Sardinia Basin to the Cornaglia Terrace (Figure 10). However, this interpretation cannot be definitely rulled out and further studies are required especially over the complex transitional domain between the two basins.

We support that the present-day differences in depth of the onlaps of the UU across the margin are partly inherited from the deposition process of the UU. Thus it would be hazardous to use these onlaps to quantify the post-MSC subsidence of the sub-basins across the margin without the acquisition of additional seismic lines, both oriented East-West and North-South. Such additional data would allow for investigate the lateral extension of the UU from the East-Sardinia Basin to the Cornaglia Terrace, as well as to document the longitudinal variations of depth of the seismic markers in each basin. This would eventually allow for backstripping restoration to understand the post-MSC geodynamic evolution of the Eastern Sardinian margin.

CONCLUSION

In this study we revisited the MSC seismic markers across the Eastern Sardinian margin from the interpretation of the METYSS seismic dataset. Based on the distribution and depths maps of these markers we have shown that the MSC units have precipitated in palaeo-bathymetric lows, whereas the MES develloped on the basement highs. We also demonstrate that across the margin the syn-rift deposits are pre-MSC in age (Tortonian or older), because they are
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35 located below the MSC seismic markers, which do not show any evidence for syn-rift deformation. The MSC seismic markers thus provide powerfull time-markers to bracket the age of the rifting in the Western Tyrrhenian Basin. These observations reveal that the Eastern Sardinian margin was already segmented in horsts and grabens during the MSC and imply that the rifting of the East-Sardinia Basin and the Cornaglia Terrace ended before the MSC.

As a consequence we conclude that the East-Sardinian Basin and the Cornaglia Terrace already structured in a stair-stepped geometry before the MSC, which is consistent with the absence of strong post-MSC fault crustal activity at the transition between both basins. Then this pre-existing topography combined with base level changes during the deposition of the MU and UU can explain the present-day differences of thickness of the MSC units that we evidence between the East-Sardinian Basin and the Cornaglia Terrace. The present-day difference in elevation between these units can possibly be explained by differential post-Messinian vertical deformation (compaction, differencial post-MSC thermal subsidence).

However the deposition of the MSC units below different water depth in both basins cannot be ruled out, with the consequence that, for now, we cannot confidently use the present-day onlaps of the UU as marker to quantify the post-rift subsidence of the Eastern Sardinia margin. Locally, the MSC series show some signs of synsedimentary deformation, but this can be attributed to thin-skinned salt tectonics. An implication is that most of the Western Tyrrhenian Basin was already a deep basin with significant water depth (1000 m and more)

when the MSC started. This is also supported by the comparison of the MSC records with known deep MSC basin, for instance the Algero-Provencal Basin.
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 2 The Cornaglia Terrace is a wide, flat, open area, with water depths ranging from 2000 m to 3000 m. It displays local structural highs, such as the Onifai Ridge and the Cornaglia ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 4

  ; Jolivet and Faccenna, 2000; Sartori et al., 2001; Doglioni et al., 2004; Jolivet et al., 2006; Carminati et al., 2012; Prada et al., 2016). The opening of the Tyrrhenian Basin was part of a continuous process of lithospheric extension, which led to the opening of the whole Western Mediterranean Sea, from the Oligocene to Present-day. Extension was related to the progressive retreat of the subducting Ionian slab, coevally with the slow convergence between Africa and Europe (Malinverno and Ryan, 1986; Dewey et al., 1989; Jolivet and Faccenna, 2000; Jolivet et al., 2006; Carminati et al., 2012). The locus of extension in the Tyrrhenian Sea is considered to migrate from West to East as it followed the eastward progressive retreat of the Apennine subduction system (Malinverno and Ryan, 1986; Kastens et al., 1988; Mascle and Réhault, 1990; Sartori, 1990; 2003; Sartori et al., 2001; 2004; Mattei et al., 2002; Jolivet et al., 2006; Carminati et al., 2012). In the southern Tyrrhenian Sea, rifting started during Serravallian-Tortonian times, and, possibly, as early as the Langhian (c. 16-13.8 Ma) along the Eastern Sardinian margin. The rifting ended during the Early-Pliocene with sea-floor spreading in the deep Tyrrhenian Basin, East of the Central fault (Kastens et al., 1988; Mascle and Réhault, 1990; Sartori, 1990; 2003; Sartori et ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 5 al., 2001; 2004; Carminati et al., 2012). Several authors consider Tortonian p.p. to Pliocene

654,

  Roveri et al. (2014a) and Lugli et al. (2015) interpreted the lithostratigraphic unit III as an evaporitic free unit commonly deposited in deeper settings along the Apennine orogenic wedge, while the first evaporitic deposits, the Primary Lower Gypsum (PLG), contemporaneously accumulated in shallower settings (see section 3.1) after the onset of the MSC. Above, the lithostratigraphic unit II is considered to correspond to the Resedimented Lower Gypsum (RLG) and the Upper Gypsum (UG) succession (Roveri et al., 2014a), accumulated in intermediate depth setting (see section 3.2) during later stages of the MSC. A gypsum-layered unit with dwarf nannofossils of Messinian age was also encountered at sites 653 and 132 (Figure 2; Kastens et al., 1988; Cita et al., 1990). The seismic unit 2 correlates on the seismic lines with strong, sub-parallel reflectors that we interpret to be MSC evaporites, for instance the Upper Unit (UU; Figure 2), a characteristic MSC seismic marker defined by Lofi et al. (2011a and b; see section 3.3).The seismic unit 1 is the youngest and corresponds to lithostratigraphic unit I from[START_REF] Kastens | Did glacio-eustatic sea level drop trigger the Messinian Salinity Crisis? New evidence from Ocean Drilling Programm site 654 in the Tyrrhenian Sea[END_REF]. It consists of hemipelagic sequences dominated by nanofossils and foraminiferal ooze

  on the relative depth between the different basins, but mainly on the presence/absence of specific seismic units: 1) the peripheral shallow basins, 2) the intermediate basins, and 3) the deep basins. Define the status of the MSC basins is crucial regarding the connections/disconnections, and therefore the correlations, between those different basins during the MSC. In this context, intermediate basins (Figure 3), as is sometimes interpreted the Western Tyrrhenian Basin (Roveri et al., 2014a, b), are considered as key areas to correlate peripheral and deep basins and define the timing of the MSC events in a global MSC scenario (CIESM, 2008).

  ) are thought to have water depths of less than 200 m and to be partly isolated from the deep basins. They have been mostly emerged and eroded during the MSC (Clauzon et al., 1996; Rouchy and Caruso, 2006; CIESM, 2008; Lofi et al., 2011b). The 5.97 Ma onset of the MSC has been defined in the peripheral shallow basins (Krijgsman et al, 1999a, b), marked by a synchronous decrease and eventually the disappearance of the normal marine biota (Manzi et al., 2013), later followed by the precipitation of the first evaporitic deposits, the Primary Lower Gypsum (PLG) (Roveri et al., 2014b, 2016). Filamentous microfossils found in the PLG have been interpreted either as fossil cyanobacteria remains (Panieri et al., 2010), thus constraining the water depth in the peripheral basins to above the photic zone, or as fossil sulphide oxidizing bacteria remains (Dela Pierre et al., 2015), allowing gypsum formation at water depth greater than 200 m, in agreement with the work of Ochoa et al. (2015) on the Balearic promontory. In this study, we consider peripheral shallow basins as basins showing evidence for the presence of PLG only (Figure 3), overlain by Pliocene deposits. In term of water depths, these can exceed 200 m. In term of seismic records, some Bedded Units (BU) of Lofi et al. (2011), comformable at the ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 10 base and eroded at the top, are considered to be composed of PLG (Driussi et al., 2015; Ochoa et al., 2015; Rossi et al., 2015).

  be intra-Pliocene to present-day in age (Sartori et al., 2001). It displays continuous parallel and well-bedded reflectors. Both sub-units are locally separated by an angular unconformity (purple line on Figures 6 and 7, Gaullier et al., 2014).

  , to the "upper sequence" of Curzi et al. (1980) and the seismic facies n°2 of Moussat (1983). The UU appears as a group of sub-parallel reflectors of high-frequency and high-amplitude seismic facies (Figures 5, 8 and 11). The UU is either located above the MU or onlaps the BES at the edges of the basins (Figure 11, CDP 5000) and is the most regionally widespread MSC unit visible across the Eastern Sardinian margin. It has been deposited in the basins located between the structural highs (Figure 10). The MSC related age and the lithology of the UU have been confirmed by the ODP drillings on Sites 653 and 654 (Figures 1 and 2; Kastens et al., 1988; Mascle and Réhault, 1990).

  observed in the vicinity of main Messinian outlets on the Northern Ligurian margin by Sage and Déverchère (2011) and on the Western Sardinia margin by Sage et al. (2005, 2011). Along these margins, the products of erosion are directly incorporated in the MSC deposits, UU and MU, close to the canyons (Sage et al., 2005; Lofi et al., 2011a). In such cases, the seismic facies of the UU appears very similar to the seismic facies observed in the Orosei

  Mobile Unit corresponds to the "lower sequence" of[START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF] and the seismic facies n°6 and n°7 ofMoussat (1983). The MU is located below the UU and shows a transparent seismic facies, although it locally displays internal low-amplitude reflectors (Figure11, CDP 4300 to 4800). Because of its viscous behavior and weak mechanical strength, the MU locally deforms ductily (Figures11 and 14)[START_REF] Curzi | The Messinian evaporitic event in the Sardinian basin area (Tyrrhenian Sea)[END_REF] Moussat, 1983;[START_REF] Gaullier | Salt tectonics and crustal tectonics along the Eastern Sardinian margin, Western Tyrrhenian: New insights from the[END_REF]. The main salt basins correspond to the Cornaglia Terrace and the southernmost part of the East-Sardinia Basin (Figure10). The north of the East-Sardinia
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 222 75 stwtt depth, 2300 m; Figure7, CDP 4200) toward the centre (3.11 stwtt depth, 2770 m; Figure7, CDP 5450 and Figure15). In the southern part of the East-Sardinia Basin, west of the Sardinia and Quirra Seamounts, the MU is thin as well (0.1-0.15 stwtt, i.e. ~225-340 m; Figure5, CDP 2800 to 3800). The top of the MU deepens from the south toward the Gulf of Orosei (Figure15): it lies at a depth of 2.68 stwtt (~ 2270 m) west of the Quirra seamounts and it is located at 3.35 stwtt depth (i.e. 2790 m) south of the Sardinia Seamounts.
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 5123556 km) in thickness. The top of the MU deepens from west to east in the southern part of the Cornaglia Terrace (Figure 15): it is located at 3.5 stwtt depth (~2930 m) east of the Sardinian Seamount and at 4.5 stwtt depth (~3315 m) east/southeast of the Cornaglia Terrace. Northeast of the Cornaglia Seamount the top of MU is even deeper, close to 4.6 stwtt depth ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T ~3980 m). Intense diapiric deformations in this part of the terrace (Figures 11 and 14) locally increased the initial thickness of the MU and disrupted the overlying brittle UU and PQ sedimentary cover. 5.4.2.4 The MU in the East Sardinia Basin and the Cornaglia Terrace: comparison In the East-Sardinia Basin, the MU is thin, close to 0.1-0.15 stwtt thick (~225-340 m). The MU is significantly thicker on the Cornaglia Terrace, having thicknesses from 0.2 stwtt (~ 450 m) to 0,5 stwtt (~1100 m).In the East-Sardinia Basin, the top of the MU lies at depths ranging between 2.68 stwtt and 3.35 stwtt (2270 m and 2800 m). On the Cornaglia Terrace, the top of the MU lies between 3.25 stwtt and 4.6 stwtt depths (2600 m and 4000 m) and it deepens from west to east (Figure 15). At the present-day, the top of the MU is then significantly deeper on the Cornaglia Terrace than in the East-Sardinia Basin, from 330 m to 1200 m when comparing the highest and deepest values in both basins. Other MSC markers Along the Eastern Sardinian margin, the Lower Unit (LU) visible beneath the MU in the Gulf of Lions (Lofi et al., 2005) could not be evidenced. Curzi et al. (1980) suggested the presence of a lower evaporitic unit below the MU, but where the base of the MU is visible (Figure 8), we can not observe clear bedded unit or any seismic signature related to evaporites below the MU. Because of the lack of seismic penetration through the salt, we then can not confirm or contradict the hypothesis from Curzi et al. (1980). The Complex Unit (CU), which is widely present in other Mediterranean basins (Lofi et al., 2005; Maillard et al., 2006; Lofi et al., 2011a; Obone-Zué-Obame et al., 2011), is visible only very locally in our study area, along the flank of some structural highs (Figure 10): on the western flank of the Quirra Seamounts (Figure 5), nearby the Cornaglia Seamount (Figure 11), or at the southeastern foot of the Baronie Ridge (Figure 16). Where observed, the CU ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 24 consists of a chaotic facies having discontinuous, high-amplitude internal reflectors. It shows a lateral interfingered transition with the MSC units UU and MU (Figure 16). Lofi et al. (2011b) suggested that the MSC surfaces and units can be used as markers for paleogeographic reconstructions. In the deepest parts of the Mediterranean basins, the MU is thought to have accumulated by evaporative drawdown (Ryan and Cita, 1978; Lofi et al., 2011b; Ryan, 2011), while the UU would subsequently have aggraded under lowered sealevel conditions (Maillard and Mauffret, 2006; Lofi et al., 2011b). The MES is then interpreted as a polygenic surface of mainly sub-aerial origin (Ryan, 1973; Stampfli and Höcker, 1989; Lofi et al., 2011b). Lofi et al. (2011b) also suggested that the onlap points of the UU could be used to approximately locate the position of the paleo-coastline at a basin scale, during the drawdown phase. The onlap point of the UU could thus be used for quantitative paleo-reconstructions. Therefore, in our study, we consider that the MSC units accumulated in the paelo-bathymetric lows, whereas areas located landward of the pinch-out
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 5 Figures 2A, 4 and 5) and their associated normal faults that we observe below the MSC

  , 6 and 10). These paleo-valleys likely formed in a subaerial environment during the MSC drawdown phase(Chumakov, 1973; Clauzon, 1973; Lofi et al., 2011b) and a possible scenario is that this network represents an evidence of extensive subaerial exposure of the margin while the base-level was drastically lowered. The MES is steadily observed on the structural highs, while in the basins the pinch-out of the MU is located deeper than the MES (Figures10 and 17). It suggests that the base-level was substantially lowered during the accumulation of MU, as already proposed in former studies (Rouchy and Caruso, 2006; Lofi et al., 2011a, b), while the edges of the basins where under subaerial exposure setting. This is also supported by the local presence of the CU, generated during the erosion, which is interfingered with the MU (Figures 5, 11 and 16) or directly incorporated within the mobile salt layer, resulting in a not transparent seismic facies of the MU (Figures 7 and 11). In several places (e.g. Figures 7 and 8), the BS at the base of the MU switches to the BES toward the edge of the salt layer and beneath the onlaps ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T of the UU; this supports the idea that MU accumulated in areas deep enough to prevent subaerial erosion below the salt and then that the aggradation of UU occurred on an eroded surface (the BES) formerly under subaerial-exposure. Meanwhile, the upper parts of the slopes were still under erosion, as shown by the interfingering between the UU and the CU (Figures 5, 11 and 16

  ) possibly as the result of wave ravidement during the refilling phase of the basin (Bache et al., 2009; Garcia et al., 2011). The local shaping of the MES by gravity flows is also not excluded. The generation of the MES under subaqueous processes only (Roveri et al., 2016) remains however in our view difficult to reconcile with the deeply incising morphology of this surface on the upper slope, its widespread extension, and the aggrading geometry of the UU in the topographic lows. As a consequence of the above reasoning, and in concordance with Lofi et al. (2011), we

(

  [START_REF] Guennoc | Seismic atlas of the "Messinian Salinity Crisis" markers in the Mediterranean and Black Seas: Commission for the Geological Map of the World (CGMW)[END_REF][START_REF] Cornamusini | Sedimentation in the Northern Apennines-Corsica tectonic knot (Northern Tyrrhenian Sea, Central Mediterranean): offshore drilling data from the Elba-Pianosa Ridge[END_REF][START_REF] Cocchi | Geophysical Mapping of Vercelli Seamount: Implications for Miocene Evolution of the Tyrrhenian Back Arc Basin[END_REF][START_REF] Thinon | Seismic markers of the Messinian Salinity Crisis in an intermediate-depth basin: data for understanding the Neogene evolution of the Corsica Basin (Northern Tyrrhenian Sea)[END_REF], on the Valencia Seamount[START_REF] Mitchell | Submarine and subaerial erosion of volcanic landscapes: Comparing the Pacific Ocean seamounts with Valencia Seamount, exposed gypsum from the late Miocene[END_REF] or on the Balearic promontory[START_REF] Driussi | Messinian Salinity Crisis deposits widespread over the Balearic Promontory: Insights from new high-resolution seismic data[END_REF]. Another example of isolated structural high with the MES ontop also exists in the Eastern Mediterranean Sea, with the Eratosthenes Seamount that formed before ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 27 the MSC and was eroded during the crisis, while the MSC evaporites precipitated in the surrounding deeper basin (Major and Ryan, 1999; Loncke et al., 2006; Loncke et al., 2010).

  Basin and on the Cornaglia Terrace, the rifting ended before the MSC. This conclusion differs from the one of[START_REF] Sartori | Neogene evolution of the southwestern Tyrrhenian Sea (Sardinia Basin and Western bathyal plain)[END_REF] 2004) who considered that in the East-Sardinia Basin and on the Cornaglia Terrace, the "Tortonian p.p. to Pliocene p.p. series" are syn-rift, thus including the MSC series. On the Cornaglia Terrace, our data locally show fan-shaped strata in the UU (Figure11, CDP 2200 to 3000; Figure14, CDP 3000 to 3450). However, as demonstrated by Gaullier et al. (2014), we interpret these geometries as related to salt tectonics and diapirism of the underlying MU, rather than to rifting. We thus do not ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 29 observe syn-rift MSC deposits or evidence of rifting during the MSC or the Pliocene. One may argue that even if crustal faults were active during the accumulation of the MU, their movement would be masked by the ductile flow of the overlying mobile salt, which is particularly thick where the pre-MSC rifting had generated bathymetric lows. However, in areas where the MU is thin or absent, our data do not show any syn-rift geometries in the UU (Figures 2, 5 and 6).
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 22 When the MSC meets geodynamics 6.2.2.1 Discussion on the paleo-depth of the Eastern Sardinia margin at the end of the pre-MSC rifting.

Figure 17 31 The

 1731 Figure 17 shows two dip sections based on METYSS data and summarizing the present-day

  ; Lofi et al., 2011b;[START_REF] Ryan | Geodynamics responses to a two-step model of the Messinian Salinity Crisis[END_REF] could explain why the salt is thicker in the Cornaglia Terrace, which was deeper compared to the East-Sardinia Basin and offered more accommodation. In this model, the precipitation of the halite in thicknesses is inversely proportional to elevation above the basin floor and MU deposition is possibly completed under shallow water conditions, as supported by the presence of the MES on the surrounding structural highs (Figure10). For this reason it is not excluded that the top of the MU in the East-Sardinia Basin was temporarly submitted to sub-aerial exposure and dessication while the deposition of MU was completed at depth, on the Cornaglia Terrace. Following the emplacement of MU, the UU possibly deposited under relative shallow water depth(Lofi et al., 2011b), filling topographic lows, starting in the deepest parts of the margin (i.e. the Cornaglia Terrace). As the relative base-level rose, the UU progressively filled more shallow parts (i.e. the East-Sardinia Basin), onlapping on the pre-MSC basement at the rim of the basins. This scenario is supported by the aggrading character of the UU over the BES ontop of the pre-MSC basement (e.g. Figures8, 9, 11). This reasonment would thus explain why the UU is thicker in the deeper setting (Cornaglia Terrace) than in the shallower settings (East-Sardinia Basin) and is consistent with a stair-stepped geometry of the margin (Figure17) at the start of the ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T 33 MSC. The importance of pre-MSC paleo-bathymetries in the lateral variability in thickness of the UU has already been highlighted by Maillard et al. (2006) in the Valencia Basin, which, due to its shallower setting at the start of the MSC, contains thinner UU compared to the deeper Liguro-Provençal Basin. The present-day difference in depth of the onlaps of the UU, lying 300 m to 1000 m deeper in the Cornaglia Basin compared to the East-Sardinian Basin (Figure 17) need to be explained. In the Western Mediterranean Basin, it has been suggested that the pinch-out of the UU marks the location of one paleo-coastline before the achievement of the MSC and thus reflects one given paelo-depth at the scale of one basin (Lofi et al., 2011b). Following this reasoning, the difference in the present-day depth of the pinch-out of the UU between the Cornaglia Basin compared to the East-Sardinian Basin would reflects a different amount of post-Messinian vertical deformation (subsidence, compaction, uplift, differencial post-MSC thermal subsidence), undergone by each margin and basin during their post-rift evolution. Indeed, Gaullier et al. (2014) demonstrated that some of the major faults in the north of the margin have been significantly reactivated during the post-rift period, up to late Quaternary time. Curzi et al. (1980) also suggested that strong post-MSC vertical motions could have caused the offset of the MSC units across the margin. However the top of the UU lies up to 1000 m deeper in the Cornaglia Terrace than in the East-Sardinia Basin, thus requesting a strong and localized thermal subsidence in the Cornaglia terrace. Although post-rift vertical movements locally exist on the margin and are attested by the vertical offset the MSC markers (Figures
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  2.1. Lithostratigraphic unit II is characterized by cycles of gypsum rich intervals interbedded with gypsum poor layers made of clays, mudstone and minor nanofossil ooze containing dwarf organisms of Messinian age.
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