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The Eastern Mediterranean represents the northern margin of Neotethys Ocean and corresponds to a tectonically complex region, with following main geomorphologic domains: (a) the Levant Basin, (b) the Eratosthenes Seamount; (c) the Herodotus Basin, (e) the Nile cone delta; (f) Cyprus; and (g) Afro-Arabian margins. The Eastern Mediterranean owes its complex nature to the movement of Africa, Arabia and Eurasia. Field observations onshore Cyprus reveal that tectonostratigraphic evolution of the Levant region and are of great value for the interpretation of the deep offshore Eastern Mediterranean basins. This allows the use of field investigations and offshore seismic data to better understand this frontier sedimentary region that may contain considerable resources. Since the discovery of a series of large natural gas deposits in 2009 in the Levant Basin, the resource potential of the eastern Mediterranean region has been upgraded and multiple seismic surveys have been acquired by service providers (e.g., Petroleum GeoServisces) and International Oil Companies (Total).

During this Ph.D. sedimentological and stratigraphic investigations onshore Cyprus, as well as interpretation of twenty-four 2D seismic profiles (courtesy of the Petroleum GeoServices (PGS) and the Cyprus Ministry of Energy, Commerce Industry and Tourism), were obtained. The combination of geophysical and field data allows the conceptualization of onshore and, offshore 3D models and to characterize the tectonostratigraphic evolution of this area. Seismic interpretation coupled with the available well data from the Ocean Drilling Program (ODP) offshore Cyprus permitted the identification of main unconformities and seismic packages in the western part of the Levant Basin, and then further correlation of these major geodynamic events, as well as the tracing of main sources and pathways that contributed to the infilling of the Levant Basin.

The Levant Basin was initially a rift type basin. The post-rift phase prevailed since the Middle Jurassic and is expressed by the gradual initiation of a passive margin and an adjacent deep basin. The Eratosthenes block corresponds to a fault block platform, where the position of basement-high and post-rift aggradation was controlled by inherited structures related to the Tethyan. Isolated carbonate platforms, located on top of continental blocks inherited from the rifting, constitute a significant feature of the Levantine margin continent-ocean transition. The post-rift subsidence history of the Levantine margins allowed the genesis of a mixed siliciclastic-carbonate platform attached to the African and Arabian plates. During the Early Cretaceous, the shallow carbonate system was replaced by terrigenous input from the inner continent. In contrast, in the Eratosthenes domain, due to its position at the Continental Oceanic Boundary (COB), shallow carbonate sedimentation continued until the Late Cretaceous. Four major seismic sequences, characterized by periods of aggradation, retrogradation and progradation, punctuated by major unconformities and drowning surfaces have been recognized on the Eratosthenes Seamount. The Eratosthenes isolated carbonate platforms show variations in slope geometry with a succession of large embayments and convex slopes. In the deep Levant basin, gravity deposits and mass transport complexes (MTDs), as well as deep pelagic sediments, onlap the paleoslopes of the Eratosthenes carbonate platform.

The change in convergence between Afro-Arabia and Eurasia occurred in the Late Cretaceous and was marked by the obduction of Troodos Ophiolites. During the following period, the Eastern Mediterranean was characterized by deep marine environments. The collision of African and Eurasian
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propagate towards the south during the late Oligocene to early Miocene, and the Levant Basin evolved into a foreland basin along the Cyprus Arc. The initiation of the collision coincides with the uplift of the Eratosthenes Seamount with a peak during the upper Miocene (pre-Messinian Salinity Crisis) followed by its northward tilting under Cyprus thrusting. The incipient continental collision is recorded by large MTDs in the western part of the Limassol Basin and offshore Cyprus and subsequently the uplift of Cyprus. The field studies have shown that the collision of the two plates caused the formation of small basins in the southern part of Cyprus and the southward migration of the thrusting activity. A piggyback basin (Polis), and a flexural basin (Limassol) have shown to have different geometries that were controlled by the different substratum below the sedimentary cover of each basin.

Résumé

La Méditerranée orientale est une région tectoniquement complexe qui correspond à la marge nord de l'océan Néotéthys. La Méditerranée orientale est composée de différents domaines dont : (a) le bassin du Levant, (b) le mont sous-marin d'Eratosthène ; c) le bassin d'Hérodote, e) le cône du Nil; f) l'île de Chypre; et g) les marges afro-arabes. La Méditerranée orientale doit sa complexité aux mouvements tectoniques des plaques Africaines, d'Arabie et d'Eurasie. Ceux-ci rendent l'interprétation géodynamique régionale complexe. La connexion directe entre le mouvement des plaques de la région est bien observée sur la côte Chypriote qui s'étend sur une longueur de 225 km de l'est vers l'ouest et sur 95 km de large du sud vers le nord. Par conséquent, les études de terrain à Chypre peuvent révéler des informations cruciales concernant l'évolution tectonostratigraphique de la région.

Cependant, la compréhension géologique régionale basée uniquement sur les études de terrain est limitée. Depuis 2009, à la suite d'une série de grandes découvertes de gaz naturel dans le bassin du Levant, le potentiel en hydrocarbures de la région de la Méditerranée orientale a changé. De multiples sondages sismiques ont été acquis par la compagnie de service (PGS) et plusieurs compagnies pétrolières (dont Total), permettant d'approfondir la compréhension géologique de la région.

Au cours de cette thèse, des études sédimentologiques et stratigraphiques ont été réalisées à Chypre. Nous avons également interprété vingt-quatre profils de sismique réflexion 2D localisés au sud de l'île (avec la permission de la compagnie Petroleum GeoServices PGS et du Ministère de l'Énergie, du Commerce et du Tourisme de Chypre). L'intégration des données géophysiques et de terrain a permis de proposer des modèles conceptuels 3D qui caractérisent le contexte tectonostratigraphique de la région. L'interprétation sismique couplée aux données de puits disponibles (projet Ocean Drilling Program -ODP) au large de Chypre ont permis de définir les principales discordances et unités sismiques dans la partie occidentale du bassin du Levant. Celles-ci correspondent -aux grands événements géodynamiques et retracent les principales sources sédimentaires qui ont contribué au remplissage du bassin du Levant.

Grâce à la stratigraphie sismique et à l'analyse des faciès sismiques, nous avons défini que le bassin du Levant était initialement un bassin de type rift. Depuis le Jurassique moyen La phase post-rift s'exprime par l'initiation progressive d'une marge passive, avec un profil de plateforme-pente-bassin profond. Le bloc d'Eratosthène correspond à un ensemble de plateformes carbonatées isolées superposées et contrôlées par les variations de l'espace d'accommodation et de la production carbonatée depuis le Jurassique moyen. L'aggradation post-rift et la position d'Eratosthène est contrôlée par les structures héritées du rift téthysien. Les plates-formes carbonatées isolées d'Eratosthène sont situées au sommet de blocs continentaux hérités du rifting, localisés à la transition Continent-Océan du bassin Levantin. L'histoire post-rift des marges de ce bassin est marquée par le développement d'une plate-forme mixte silicoclastique-carbonate attachée aux plaques africaines et arabes. Au cours du Crétacé inférieur, les plateformes carbonatées ont été remplacé par des sédiments terrigènes provenant du continent. En revanche, dans le domaine Eratosthène, en raison de sa position, loin des sources terrigènes, la sédimentation carbonatée superficielle s'est poursuivie jusqu'au Crétacé supérieur.

Au cours de cette étude, quatre unités sismiques majeures ont été reconnues sur le mont sous-marin Eratosthène. Ces unités sismiques sont caractérisées par des périodes d'aggradation, de rétrogradation et de progradation et limitées par des discordances régionales, des surfaces d'érosion et des surfaces d'inondation. Ces unités sismiques sont interprétées comme des plates-formes carbonatées coalescentes et superposées développées sur un haut structural hérité pendant quatre périodes principales de rétrogradation, d'aggradation et de progradation. Par comparaison avec les plateformes téthysiennes à proximité de notre zone d'étude et grâce aux forages IODP nous avons attribué un âge à ces quatre unités superposées : La fin du Jurassique moyen, le Crétacé inférieur, le Crétacé supérieur et le Miocène. Ces plates-formes carbonatées isolées d'Eratosthène montrent des variations latérales de la géométrie des pentes avec la succession de rentrants et de pentes convexes. Dans le bassin profond, des dépôts gravitaires ainsi que des sédiments pélagiques profonds recouvrent en aggradation les paléo-pentes de la plateforme carbonatée d'Eratosthène.

La convergence au Crétacé supérieur de la plaque africaine et de la plaque eurasienne a été à l'origine l'obduction des Ophiolites de Trodoos. La collision des plaques Africaine et Eurasienne a commencé à la fin de l'Oligocène et au début du Miocène, transformant le bassin du Levant en bassin d'avant pays le long de l'Arc de Chypre.

L'amorce de la collision coïncide avec le soulèvement d'Eratosthène avec une phase paroxysmique au cours du Miocène supérieur suivi par son basculement vers le nord en avant de l'ile de Chypre. La collision continentale est enregistrée par l'occurrence de grands MDT (Mass Transport Deposits) dans la partie occidentale du bassin de Limassol et au large de Chypre, puis par le soulèvement de Chypre et son émersion progressive. Les études sur le terrain ont montré que la collision a provoqué la formation de petits bassins au sud de Chypre et la migration vers le sud de la zone de compression. Un bassin piggyback (Polis Basin) et un bassin flexural (bassin de Limassol) ont été étudiés à Chypre. La géométrie des deux bassins est contrôlée par la distribution des sédiments mésozoïques.

CHAPTER 1 INTRODUCTION -1-Introduction

Sedimentary basins are broadly defined as structural lows where prolonged subsidence can occur, resulting in significant accumulation of sediments which can be preserved for long periods of time [START_REF] Einsele | Sedimentary Basins, Changes[END_REF][START_REF] Biju-Duval | Sedimentary Geology[END_REF][START_REF] Allen | Basin Analysis -Principles and Application[END_REF]. Sedimentary basins are classified either by their depositional environment (i.e., continental, shelf or deep marine basins) or by their formation mechanisms as a result of plate tectonics and deep lithospheric processes. The latter category refers to the genetic classification by which plate tectonics theory provides a way to distinguish these basins according to their geographic distribution. Basins can be classified, henceforth, as: (a) continental or oceanic depending on the substratum type (i.e., continental or oceanic); (b) rift type, which are the outcome of rifting; (c) passive or divergent, as a result of ocean opening; or d) foreland and fold basins, which are associated with subduction and subsequent collision of continental plates [START_REF] Einsele | Sedimentary Basins, Changes[END_REF][START_REF] Biju-Duval | Sedimentary Geology[END_REF][START_REF] Allen | Basin Analysis -Principles and Application[END_REF].

The stratigraphic record within a sedimentary basin results from the interplay between tectonics and the influx of the sediments (controlled by climate and geomorphology of the hinterland). Therefore, stratigraphic geometries and gross depositional environments are mainly controlled by the tectonic mechanisms causing subsidence, and to a much lesser extent by the local faulting patterns, nature of the adjacent sources and sea level variations. The relation between the tectonics of basin evolution and sedimentation is bidirectional. Tectonics might affect the nature of sediment, sedimentation rates and the subsequent depositional environment, whereas sedimentation is by far the best way of identifying paleotectonics in sedimentary basins. Analysis of the sedimentary filling of a basin, therefore, provides information regarding its geological history. For instance, aspects of the sediment infill (e.g., composition, primary structures, internal architecture) can reveal how the basin formed and evolved through time.

The Eastern Mediterranean Basin (EMB) is composed of several basins from east to the west and has been recognized as an excellent 'natural laboratory' for investigating the influence of plate tectonic processes on sedimentary basins. One of these basins is the Levant which is located in the easternmost part of the EMB where, three major interacting plates meet (i.e., African, Arabian and Eurasian plates, Fig. 2.1) and have been involved in several tectonic processes, such as rifting, passive margin development, convergence and ophiolite emplacement (e.g., [START_REF] Dewey | Plate Tectonics and the Evolution of the Alpine System Plate Tectonics and the Evolution of the Alpine System[END_REF]Garfunkel, 2004;[START_REF] Hall | Structural evolution of the Latakia Ridge and Cyprus Basin at the front of the Cyprus Arc, Eastern Mediterranean Sea[END_REF]Aksu et al., 2005;[START_REF] Le Pichon | The Miocene-to-Present Kinematic Evolution of the Eastern Mediterranean and Middle East and Its Implications for Dynamics[END_REF][START_REF] Ghalayini | Impact of Cenozoic strikeslip tectonics on the evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The EMB more particular the Levant has therefore been, unsurprisingly, a subject of interest for academic groups since the 1970s [START_REF] Dewey | Plate Tectonics and the Evolution of the Alpine System Plate Tectonics and the Evolution of the Alpine System[END_REF][START_REF] Sengor | Tethyan evolution of Turkey: A plate tectonic approach[END_REF][START_REF] Steinberg | Origin and nature of the rapid late Tertiary filling of the Levant Basin[END_REF][START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF] shed more light on the sedimentary filling and architecture of the Levant Basin and Eratosthenes Seamount, in particular. On a broader scale, the rationale of this project is to investigate how the basin infill records the main geodynamic events. The geological history of the Levant has been controlled by the interaction of plate tectonics including, rifting, compression and inversion and strike-slip, as mentioned above [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF](Garfunkel, , 2004;;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Here, investigating the tectonostratigraphic record is challenged to constrain the timing and the mechanisms of the post-rift, the following flexural subsidence and later inversion of a basin located along a major plate boundary, in order to provide, eventually, an adequate comprehension of the interaction between geodynamics and surface processes.

In particular, the tectonostratigraphic evolution of an isolated carbonate platform that developed on an inherited continental fragment is examined through detailed seismic interpretation in order to understand the contribution of this platform to the evolution of the adjacent basin and vice versa.

Besides, a comprehensive study of the sedimentary filling of several domains with different substratum sheds more light on the impact of the substratum to the basin infill.

Carbonate platforms have been a subject of research for more than twenty years. Much research work has focused on the effects that sea-level change, oceanographic factors and climate have on carbonate platform stratigraphic characteristics. Hence, the study of this isolated carbonate platform will be a paradigm for further understanding the predominant factors that control carbonate factories.

The aforementioned scientific questions will be addressed through the construction of a 3D conceptual geological model, covering both the Eratosthenes Seamount and Levant Basin. The proposed 3D geological model is constrained by a comprehensive literature review for the Eastern Mediterranean with a special focus on the depositional history and structural evolution of the Levant region.

Furthermore, the interpretation of twenty-four (24) 2D seismic profiles offshore Cyprus, acquired by Petroleum Geo-Services (PGS) and coupled with the available data from relevant ODP wells, provides crucial information about the lithostratigraphy of the western part of the Levant Basin. The proposed methodology is based on the interpretation of seismic packages and their bounding surfaces (e.g., onlap, toplap, downlap and truncations). Isochron maps have been generated by the seismic packages and depth converted using maps of stacked velocities (courtesy of PGS). The isopach maps illustrate the depocenter variations and architectural evolution of the northern Levant Basin with regards to major geodynamic events. Moreover, extensive seismic facies analysis was achieved for the Eratosthenes Seamount and western part of the Levant Basin (e.g., carbonate sequences, facies distribution and lateral variations of the adjacent basinal sediments). Onshore (field) studies, including structural measurements as well as sedimentological observations, were done in order to better understand with higher resolution the tectonostratigraphic evolution of relatively smaller sedimentary basins. Cyprus is located on the front of an accretionary prism and is expected that the sedimentary filling of these basins onshore will be the clue in understanding deeper process related to plate tectonics in the offshore (which can only be studied by means of seismic data, at present). This Ph.D. thesis including the Introduction (Chapter 1) is subdivided into six main sections:

Chapter 2 presents a literature review of the Eastern Mediterranean Sea with a particular focus on the Levant Basin and Cyprus.

Chapter 3 is an extensive summary of the methodology followed to complete this study including borehole data, field investigations (i.e., sedimentary logging, facies analysis, biostratigraphic studies) and 2D seismic interpretations offshore Cyprus.

Chapter 4 provides a synthesis of all the available datasets used to propose an updated tectonostratigraphic framework of the western margin of the Levant Basin. The basin infill is discussed in a source to sink perspective. An associated article, which has been accepted (Marine and Petroleum Geology), with the title "Tectonostratigraphic evolution of the western margin of the Levant Basin (offshore Cyprus)" is presented.

Chapter 5 presents an extensive study including seismic stratigraphy concepts, which provide new insight concerning the tectonostratigraphy, sedimentary architecture and morphology of the Eratosthenes carbonate platform. It includes an associated manuscript, which has been submitted to Terra Nova journal with the title "Eratosthenes Seamount; The evolution of an isolated carbonate platform at a major plate boundary." Chapter 6 is divided into two parts. The first part consists of results from the fieldwork conducted onshore Cyprus suggesting the main depositional environments since the late Eocene. The second part is an integrated sedimentological and structural study of the Polis and Limassol basins, south-west and central-south of Cyprus, respectively. For each basin, a detailed tectonostratigraphic reconstruction scheme through time including facies distribution as well the timing of deformation since the Paleogene is presented. These models are then compared in order to better understand how the basin infill onshore Cyprus recorded the main geodynamic events and what is the contribution of Eratosthenes Seamount on the tectonostratigraphic evolution of the island.

Chapter 7 consists of remarks and recommendations for future studies are proposed. CHAPTER 2 REGIONAL GEOLOGY -2-Regional Geology

Present-day geological framework and kinematics of Eastern Mediterranean

The Eastern Mediterranean Basin (EMB) accounts roughly 1800 km east-west and 650 km north-south (Fig. 2.1) and extends north of Africa from the Ionian to the Levant Basin. It is currently subducting to the north at the Hellenic and Cypriot subduction zones (Fig. 2. 1;[START_REF] Chamot-Rooke | Western Mediterranean Ridge mud belt correlates with active shear strain at the prism-backstop geological contact[END_REF]. The EMB is considered as a secondary branch of the Neotethys Ocean [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF] or a continental domain stretched to the point of mantle exhumation [START_REF] Roure | Mesozoic and Cenozoic Basins Formation and Deformation Along the North African Margin[END_REF]. The controversy of the nature of the EMB basement stems from ambiguous wide-angle seismic, tomography and magnetic anomalies studies [START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF][START_REF] De Voogd | Two-ship deep seismic soundoings in the basins of the méditerranean sea (Pasiphae cruise)[END_REF][START_REF] Ben-Avraham | Crustal structure of the Levant Basin, eastern Mediterranean[END_REF][START_REF] Di Luccio | Crustal and upper-mantle structure in the Eastern Mediterranean from the analysis of surface wave dispersion curves[END_REF]Netzeband et al., 2006a;[START_REF] Gallais | A Miocene tectonic inversion in the Ionian Sea (central Mediterranean): Evidence from multichannel seismic data[END_REF][START_REF] Speranza | The Ionian Sea: The oldest in situ ocean fragment of the world?[END_REF].Considering that the Troodos and Syrian ophiolites formed during the Late Cretaceous, at least a part of the basement of the EMB was oceanic. The basin itself can be divided into several smaller basins, crustal blocks, suture zones and structural highs.

The present-day bathymetry of EMB displays two different domains; a shallow basin in the easternmost part (mostly comprised by the Levant Basin) and a deeper part in the center of the EMB (the Herodotus Basin). Both basins are separated by the Eratosthenes Seamount, a structural high of 150 km by 200 km in size which appears to underthrust beneath Cyprus Arc (Fig. 2.1).

Present-day kinematics of the Eastern Mediterranean are shown from an extensive GPS network coverage of the Eastern Mediterranean [START_REF] Mcclusky | GPS constraints on Africa and Arabi plate motions[END_REF][START_REF] Reilinger | GPS constraints on continental deformation in the Africa-Arabia-Eurasia continental collision zone and implications for the dynamics of plate interactions[END_REF]. Le Pichon and Kreemer, (2010) characterized the general movements of the Eastern Mediterranean region during the present day by using regional GPS velocities (Fig. 2.1). Circular, counterclockwise motion dominates the current regional kinematics. Most of Arabia rotates rigidly with respect to the Arabia-Eurasian pole, which has been going on at a steady rate since 40 Ma. In contrast, the Anatolia and Aegean areas rotate with an increased velocity with respect to the Anatolia-Eurasian pole for the last 2) Suşehri-Gölova, (3) Erbaa-Niksar, (4) Bolu-Yeniçağa, (5) Izmit-Sapanca, [START_REF] Bachmann | Lower Cretaceous Carbonate Platform of the Eastern Levant (Galilee and Golan Heights): Stratigraphy and Second-Order Sea Level Change[END_REF] Marmara Sea and [START_REF] Droste | Stratal geometries and patterns of platform carbonates: The Cretaceous of Oman, Seismic Imaging of Carbonate Reservoirs and Systems[END_REF] Hula. Inset: regional tectonic settings. DSF -Dead Sea fault; OFZ -Owen fracture zone [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF].

Geodynamics of Eastern Mediterranean

The Mesozoic Tethyan rifting

The EMB formed in the Early Mesozoic, during the Tethyan rifting, in the context of the fragmentation of the Pangea supercontinent and the separation of Laurasia from Gondwana (Fig. 2.2; [START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF][START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF]. The earliest reconstructions of the region, proposed a N-S opening of EMB during the Permian [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF][START_REF] Stampfli | Tethyan margins in space and time[END_REF][START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF][START_REF] Schettino | Tectonic history of the western Tethys since the Late Triassic[END_REF] or during the Late Triassic-Early Jurassic according to subsidence curves [START_REF] Garfunkel | Permian-early Mesozoic tectonism and continental margin formation in Israel and its implications for the history of the Eastern Mediterranean[END_REF][START_REF] Yellin-Dror | The subsidence history of the northern Hyblean plateau margin, southeastern Sicily[END_REF]. Alternatively, [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF]Garfunkel, ( , 2004) ) and Gardosh et al., (2010) proposed that the EMB has opened in a WNW-ESE direction, which is in agreement with the trend of the transform margin running along the coast of Egypt (Figs. 2.1 and 2.2). [START_REF] Schattner | Transform margin of the northern Levant, eastern Mediterranean: From formation to reactivation[END_REF] suggested a poly-phased formation of the EMB to explain differences in crustal thickness and morphology between segments of the Levant margin, with a first N-S episode of opening during the Permian and a second, E-W episode of opening during the Triassic/Early Jurassic. Despite the numerous uncertainties about the timing and mode of the opening of the Eastern Mediterranean Basin, paleomagnetic studies [START_REF] Morris | The Late Cretaceous palaeolatitude of the Neotethyan spreading axis in the eastern Mediterranean region[END_REF] show that a ~900 to 1100 km-wide domain was present between the northern Africa and Greece in the Late Cretaceous (Fig.

2.2).

Three main phases of extensional pulses might trigger the formation of several marine sub-basins, and the bordering margins of the Eastern Mediterranean [START_REF] Robertson | Introduction: aspects of the geological evolution of the Eastern Mediterranean[END_REF][START_REF] Robertson | Tectonic development of the Eastern Mediterranean region: an introduction[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. The first phase was accompanied by magmatic activity and caused the detachment of the Tauride, the rifting of Eratosthenes Seamount, and probably other small continental blocks from the Afro-Arabian continent (Fig. 2.2; [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]Ben-Avraham 2007, Gardosh et al., 2010). The second and the third phases occurred from the Early Triassic to Early Jurassic, leading to seafloor spreading in Herodotus and Cyprus basins [START_REF] Robertson | Overview of tectonic settings related to the rifting and opening of Mesozoic ocean basins in the Eastern Tethys: Oman, Himalayas and Eastern Mediterranean regions[END_REF]Gardosh et al., 2010) Figure 2.2: Paleogeographic map of the showing the location of Neotethys ocean which refers to Early Mesozoic basins. The red dashed line shows the Eastern Mediterranean region and its surroundings (from [START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF].

Evidence of sea-floor spreading and the occurrence of Late Triassic and Early Jurassic oceanic crust is found in the ophiolites located at Baër-Bassit (NW Syria), Hatay (southern Turkey) and Troodos (Cyprus) [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF](Garfunkel, , 2004;;Robertson et al., 2007). The Troodos and Syrian ophiolites (the Baër-Bassit Ophiolites being the most representative) display a complete oceanic sequence, with several types of harzburgites, gabbros, and basalts. The Troodos Ophiolites preserved a spreading center and a currently ~E-W oriented transform (Arakapas Transform Fault;[START_REF] Granot | The oceanic crust in 3D: Paleomagnetic reconstruction in the Troodos ophiolite gabbro[END_REF]. Additional evidence of the Late Triassic rifting recorded in the volcanism that is found on the southern margin of Tauride Microcontinent as well as by the volcanism and the reactivated Triassic Faults found onshore Lebanon (Fig. 2.3A; [START_REF] Garfunkel | Permian-early Mesozoic tectonism and continental margin formation in Israel and its implications for the history of the Eastern Mediterranean[END_REF]. Rifting, ceased during the Middle Jurassic (Bajocian/Bathonian) leading to the subsidence of the region (Gardosh and Druckman, 2006;Gardosh et al., 2010;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].

Middle Jurassic -Late Mesozoic post-rift subsidence of the Eastern Mediterranean Basin

The post-rift subsidence initiated in the Middle Jurassic (end of the Bathonian; Gardosh et al., 2006Gardosh et al., , 2010;;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] and is characterized by progressive development of a platform/slope/ basin morphology roughly parallel to the present-day coastline of the Afro-Arabian continents (Tassy et al., 2015a). The South Tethyan margins were characterized by mixed carbonate-siliciclastic platforms where post-rift subsidence and eustasy were the main controlling factors of the facies distribution as well as platform-to-basin transition geometry. On the Levant and Egyptian margins, the platform edges are strongly controlled by rift structures and transform faults directions that inherited from the Tethyan rifting [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). The geometries and spatial distributions of facies along the platform-slope-basin profile in these margins are well constrained (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a), whereas the western part of the Levant Basin and, more particularly, around the Eratosthenes Seamount this is not the case.

During the Late Jurassic -Early Cretaceous, a regional uplift occurred which was linked to an extensional phase and/or a mantle plume close to the Palmyra Basin [START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF]. The latter scenario has been demonstrated through the occurrence of associated basalts [START_REF] Collin | Middle and Upper Jurassic stratigraphy and sedimentary evolution of Lebanon (Levantine margin): palaeoenvironmental and geodynamic implications[END_REF]. This uplift is marked by a regional onshore unconformity at the Jurassic-Cretaceous boundary, (Kimméridgian-Tithonian; [START_REF] Sharland | Arabian plate sequence stratigraphy[END_REF]Gardosh et al., 2006;[START_REF] Hawie | Architecture, geodynamic evolution and sedimentary filling of the Levant basin: a 3D quantitative approach based on seismic data[END_REF] that corresponds to a regional erosional truncation on the seismic data (Tassy et al., 2015a). Onshore Lebanon, Neocomian sands which refers to as the Chouf Formation overly this unconformity [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. These deposits are believed to be sourced by the erosion of the hinterland of the Arabian Plate [START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF].

Late Mesozoic -Cenozoic Period "Compressive regime."

The African and Eurasian plates began to converge in the Cenomanian (Fig. 2.3B; Garfunkel, 2004;Robertson et al., 2007;[START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. During the Cenomanian, the Tethyan margins recorded global sea-level rise with an amplitude of more than 250 m, above the present-day sea level [START_REF] Haq | Cretaceous eustasy revisited[END_REF]. This period corresponds to the onset of wide rudist dominated Tethyan carbonate platforms. From Santonian to early Maastrichtian a general drowning of the Mediterranean carbonate platforms occurred and followed by the deposition of basinal chalk and chalky limestones (Khoman Formation in Egypt; Tassy et al., 2015a; Chekka Formation in Lebanon; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The drowning of the Peri-Tethyan platforms is coeval to a global sea-level rise event [START_REF] Haq | Cretaceous eustasy revisited[END_REF] and to critical ecological changes related to the closure of the Neotethys ocean [START_REF] Sass | The Cretaceous carbonate platform in Israel[END_REF][START_REF] Almogi-Labin | The southern Tethys margin (Israel): interrelationship between productivity, bottom water environments, and[END_REF].

The motion of the plates intensified in the late Campanian resulting in the initial closure of Neotethys ocean and the subsequent obduction of ophiolitic material onto the Eurasian and Arabian plates (Turkey, Syria and Cyprus; [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF]. Based on the dating of plagiogranites (90-92 Ma; [START_REF] Mukasa | Uranium-lead isotopic ages of plagiogranites from the Troodos ophiolite, Cyprus, and their tectonic significance[END_REF][START_REF] Dilek | Seismic structure, crustal architecture and tectonic evolution of the Anatolian-African Plate Boundary and the Cenozoic Orogenic Belts in the Eastern Mediterranean Region[END_REF] and dikes that are outcropping onshore Cyprus (99-73 Ma; [START_REF] Delaloye | Ophiolites and volcanic activity near the western edge of the Arabian plate[END_REF] the exposed oceanic lithosphere is considered to have been formed during the early Late Cretaceous times.

During late Campanian oceanic detachments promoted mantle exhumation in the Limassol Forest or in the area of Mount Olympus onshore Cyprus [START_REF] Dilek | The Troodos (Cyprus) and Kizildag (S Turkey) Ophiolites as Structural Models for Slow-Spreading Ridge Segments[END_REF][START_REF] Murton | Anomalous oceanic lithosphere formed in a leaky transform fault: evidence from the Western Limassol Forest Complex, Cyprus[END_REF][START_REF] Nuriel | Faultrelated oceanic serpentinization in the Troodos ophiolite, Cyprus: Implications for a fossil oceanic core complex[END_REF]. The ophiolitic sequence is consistent with a slow spreading ocean (~3-5 cm.yr -1 ; [START_REF] Dilek | The Troodos (Cyprus) and Kizildag (S Turkey) Ophiolites as Structural Models for Slow-Spreading Ridge Segments[END_REF].

A Late Cretaceous unconformity in the Levant Basin was interpreted to be associated to the outerbulge flexure of the Cypriot subduction [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Ghalayini | Impact of Cenozoic strikeslip tectonics on the evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

The same authors have also documented thrust faults rooting down the Late Cretaceous sediments, which appeared to be active since this period. Significant tectonic deformation observed at that time is indeed marked by the initiation of Cyprus Arc which is referred to as a "south-verging fold and thrust belt, still active today'' that runs from the Syrian coast to Turkey through the island of Cyprus (Garfunkel, 2004;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. The ophiolites were overlain by Late Cretaceous-lower Eocene deep-water carbonates which were followed by olistostromes and turbidites during the Oligocene-middle Miocene [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF].

Late Cretaceous through Middle Cenozoic intraplate deformations caused a widespread compressional deformation which produced a series of folds and faults in the west of Jordan and Israel [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF]. The horst and graben system which was formed during the Triassic-Jurassic rifting of the EMB was subsequently folded during Late Cretaceous and Eocene, forming for example, the Syrian Arc structures (Fig. 2; [START_REF] Freund | The shear along the Dead Sea rift[END_REF][START_REF] Bosworth | Take Control of Your Blood pressure (TCYB) study: A multifactorial tailored behavioral and educational intervention for achieving blood pressure control[END_REF]Gardosh et al., 2006;[START_REF] Arsenikos | Mechanism and timing of tectonic inversion in Cyrenaica (Libya): Integration in the geodynamics of the East Mediterranean[END_REF].

The middle to late Eocene corresponds to the initial period of continental collision between Afro-Arabian and Eurasian plates (Fig. 2.3C; [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF]. It is considered as the main stage of the Syrian Arc deformation [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF] and attested to the presence of many trending NE-SW folds as well as unconformities observed both onshore and offshore Lebanon [START_REF] Dewey | Plate Tectonics and the Evolution of the Alpine System Plate Tectonics and the Evolution of the Alpine System[END_REF]Frizon de Lamotte et al., 2011;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Ghalayini | Impact of Cenozoic strikeslip tectonics on the evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. During the late Eocene, a shift in the maximum stress from NW-SE to N-S corresponds to the separation of the Arabian and African plates and the initiation of the Dead Sea Transform Fault (Fig. 2.3C; [START_REF] El-Motaal | Tectonic evolution of the intraplate s-shaped Syrian Arc fold-thrust belt of the Middle East region in the context of plate tectonics[END_REF]. Along the north-western border of the Arabian Plate (i.e., part of the eastern margin of the Levant Basin), the Dead Sea Transform Fault System is linked to the Levant Fracture System which consists of three major segments (south to north): (a) Dead Sea Transform Fault (DSTF), (b) Lebanese restraining bend with the Yammouneh Fault, and the Ghab Fault in Syria [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF][START_REF] Nader | The petroleum prospectivity of Lebanon: An overview[END_REF]. The DSTF displays a sinistral motion extending 107 km south of the Lebanese restraining bend. The sinistral movement of the DSTF system occurred in two phases. The first shows 65km of displacement and took place in early Miocene (Fig. 2.3D; [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF] while the second phase occurred in the late Miocene and accounted for 42 km [START_REF] Kempler | Structures and kinematics in the northeastern Mediterranean: A study of an irregular plate boundary[END_REF].

The isopach maps in front of the Latakia Ridge for the Late Cretaceous-middle Miocene, which were drawn based on 2D seismic reflection data, do not show strong evidence for significant bathymetric barriers to form such an accretionary wedge in the Late Cretaceous up to the early Miocene in this area (see [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]and this work, chapter 4).The middle Miocene unconformity could be associated with the development of an accretionary wedge in the vicinity of the Cyprus Arc, offshore Cyprus (Hawie et al., 2013, this study). Miocene unconformities suggested within the Cypriot wedge, may also record the tilt of the ophiolitic basement at that time (Aksu et al., 2005b;Calon et al., 2005b).

Yet, the location of this wedge might have been within the Levant Basin until the Late Cenozoic, prior the forward propagation of the thrust belt of the Cyprus Arc which resulted in the formation of piggyback basins (Symeou et al., 2018).

Cenozoic Escape Tectonics

The northward movement of the Arabian Plate caused the expulsion of the Eastern Anatolian microplate in an SW direction during the latest Miocene -early Pliocene (Fig. 2.3E;[START_REF] Mcclusky | GPS constraints on Africa and Arabi plate motions[END_REF][START_REF] Hall | Structural evolution of the Latakia Ridge and Cyprus Basin at the front of the Cyprus Arc, Eastern Mediterranean Sea[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].This resulted in the creation of a triple junction point in the NW of Syria, where the East Anatolian fault and the Levant Fracture system meet [START_REF] Kempler | Structures and kinematics in the northeastern Mediterranean: A study of an irregular plate boundary[END_REF]Aksu et al., 2005b). The Cyprus Arc system and in particular, the Latakia Ridge (located in the eastern part of the Cyprus Arc) show significant strike-slip motion, expressing the westward escape tectonics of Anatolia with respect to the African Plate. [START_REF] Ghalayini | Growth of layer-bound normal faults under a regional anisotropic stress field[END_REF].

In the Quaternary, the continuous movement of African and Eurasian plates caused the uplift of the Cyprus island and the subduction of Eratosthenes Seamount (Fig. 2.3F; [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. A considerable compressional deformation of the Quaternary sediments is observed in the Herodotus Basin [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. It is suggested that the convergent plate boundary lying south of Cyprus and continues to the west towards the Florence Rice [START_REF] Zitter | Neotectonic accommodation between Hellenic and Cyprus Arcs[END_REF][START_REF] Sellier | Tectonophysics Post-Messinian evolution of the Florence Ridge area ( Western Cyprus Arc ), Part I : Morphostructural analysis[END_REF]. It is remarkable that large linear diapirism structures are developed along several fault systems [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Hence, much of the deformation is considered to be thin-skinned and enhanced by the Messinian evaporites.

The Levant Basin

The crust below the sediments

The nature of crust below the Levant Basin is a subject of debate. Some authors state that the rifting of the EMB evolved into a seafloor spreading and argue that the Levant Basin overlies an oceanic crust [START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF][START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF][START_REF] Segev | The structure, isostasy and gravity field of the Levant continental margin and the southeast Mediterranean area[END_REF]. Others postulate that the Tethyan rifting never completed and no sea-floor spreading occurred in the EMB (e.g., Woodside, 1977;Netzeband et al., 2006a;Gardosh et al., 2010). Thus, it has been proposed that only stretched continental crust associated with some intrusions was formed at least for the easternmost part of the EMB. In this case, patches of high magnetic anomalies, as well as the Lower Jurassic volcanics (i.e., Asher volcanic), might be evidence for the intra-plate rifting. The third school of thought argues that the crust below the Levant Basin is a mixture of continental and oceanic origin [START_REF] Nur | The eastern Mediterranean and the Levant: Tectonics of continental collision[END_REF]Robertson, 1998d;[START_REF] Ben-Avraham | Crustal structure of the Levant Basin, eastern Mediterranean[END_REF]. This idea implies that the rifting occurred roughly in the N-S direction as well as the formation of a right-lateral transform boundary along the continental margin of the Levant at the same time (Robertson, 1998 d;e;[START_REF] Inati | Lithospheric architecture of the Levant Basin (Eastern Mediterranean region): A 2D modeling approach[END_REF].

The deep structure of the Levant Basin has been investigated onshore and offshore Israel [START_REF] Ginzburg | A seismic study of the crust and upper mantle of the Jordan --Dead Sea Rift and their transition toward the Mediterranean Sea[END_REF]1994) and the DESERT2000 Project [START_REF] Weber | The crustal structure of the Dead Sea Transform[END_REF]. The results of the refraction surveys have shown that the depth of the moho decreases from the center of the Arabian Plate (i.e., 39 km below level) to the coastline (i.e., 26 km below the sea level) and even more in the center of the Levant Basin (Fig. 2.4; 22 km below the sea level). The decrease in Moho depth is accompanied by a thinning of the crust towards the basin (i.e., 25-35 km beneath Israel and 8-10 km in the center of the Levant Basin; Fig. 2

.4).

A recently constructed 2D lithosphere model using integrated geophysical data across the Levant Basin suggests the presence of a thin continental crust divided into two layers, an upper and lower crust [START_REF] Inati | Lithospheric architecture of the Levant Basin (Eastern Mediterranean region): A 2D modeling approach[END_REF]. The resulting models have shown that the thinning of the crust in the Levant margin is gradual invoking that it may have never reached the breakup stage.

It is worth noting that amongst the previous authors, Netzeband et al., (2006a) advocated for a seafloor spreading in the Eastern Mediterranean Sea that occurred only north of the Eratosthenes Seamount, and the oceanic crust was later subducted beneath the Cyprus Arc.

The origin of the substratum has a significant impact on the post-rift sedimentation. In particular, it has been demonstrated that the passive margins which are adjacent to highly stretched continental margins include domains of differential subsidence (e.g., platform, slope, basin), where subsidence takes the form of a seaward tilting with different amplitudes. This is contrasted to the deep basinal domain which generally subsides vertically (Leroux et al., 2015a). The continental crust and the thinned continental crust are tilted, whereas the intermediate crust (TOC), which is identified as a lower continental exhumed crust or exhumed mantle sagged [START_REF] Moulin | Deep crustal structure across a young passive margin from wide-angle and reflection seismic data (The SARDINIA Experiment) -I. Gulf of Lion's margin[END_REF]. The post-rift subsidence re-uses the initial hinge lines of the rifting phase with differential subsidence between stretched curst or/and exhumed lower crust and the margins or continental isolated blocks (Manatschal, 2012;[START_REF] Haupert | Upper-plate magma-poor rifted margins: Stratigraphic architecture and structural evolution[END_REF]. The thickness of the crust and the rifting events in the Levant Basin could have had some impacts on the thermal and mechanical evolution of the margins, and thus the sedimentary cover might give some additional clues about the deep processes. Gardosh et al., 2010). Structure and stratigraphy of the upper crust. The crustal thickness and seismic velocities are based on wide-angle seismic refraction tests. The thinned crust in the center of the Levant Basin is interpreted as the remaining, attenuated upper continental crust that is heavily intruded by mantle material. In the Eratosthenes Seamount, relatively thick crust with low seismic velocity and conspicuous magnetic anomaly may be explained by the existence of a massive volcanic edifice of Early Mesozoic age (Gardosh et al., 2010); (B) Bathymetry map of the Eastern Mediterranean showing the location of the cross-section of Fig. 2.4A (Emodnet)

The tectonostratigraphic evolution of the Levant Basin

Mesozoic Period

The Levant is considered as a foreland basin covered by 12-15 km thick of Jurassic until recent age sediments [START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF]Vidal et al., 2000a;b;[START_REF] Ben-Avraham | Crustal structure of the Levant Basin, eastern Mediterranean[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Direct evidence regarding the syn-rift depositional environment in the Levant Basin does not exist. However, the presence of Late Triassic shelf edge deposits on the Israeli margin as well as the deep marine limestones and radiolarites at the southern margins of the Tauride Microcontinent suggest a ramp-like system dipping northwards (Gardosh et al., 2006). In the Early Jurassic, the last stages of rifting were followed by substantial subsidence of the basin and the deposition of alkaline, basaltic, pyroclastic and volcanic sediments along the Levant margins (i.e., Asher Basin in Israel;Fig. 2.5A and 2.6;Robertson et al., 2007;[START_REF] Hawie | Architecture, geodynamic evolution and sedimentary filling of the Levant basin: a 3D quantitative approach based on seismic data[END_REF].

The post-rift phase initiated in the Middle Jurassic (Garfunkel, 2004;Gardosh et al., 2010). During this period (Bajocian/Bathonian) the Levant and Egyptian margins were characterized by aggrading carbonate platforms (Fig. 2.6;[START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF]Gardosh et al., 2010;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). Meanwhile, Levant Basin witnessed thermal subsidence and was filled with deep marine sediments [START_REF] Cohen | Early Cretaceous Buried Canyon: Influence on Accumulation of Hydrocarbons in Helez Oil Field,' Israel[END_REF][START_REF] Bein | A Mesozoic fossil edge of the Arabian plate along the Levant coastline and its bearing on the evolution of the eastern Mediterranean[END_REF][START_REF] Gardosh | The sequence stratigraphy and petroleum systems of the Mesozoic, southeastern Mediterranean continental margin[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF]. The shallow marine conditions on the margins of the Levant continued until the Late Jurassic (i.e., Fig. 2.6;Bikfaya Fm, while the basin continued to subside.

A regional uplift occurred in the Early Cretaceous, as presented above. Older, highs (i.e., Afro-Arabian shield, Rudbah High, Syria) were eroded, and they provided the major sources of the siliciclastic sediments that were deposited along the Afro-Arabian Plate (Chouf Fm; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The Chouf Formation records this event, suggesting fluvio-deltaic, and shallow marine environments in the region (i.e., Lebanon and Israel;[START_REF] Bosworth | Integration of East African Paleostress and Present-Day Stress Data -Implications for Continental Stress Field Dynamics[END_REF][START_REF] Litak | Structure and evolution of the petroliferous Euphrates graben system, southeast Syria[END_REF]. Moreover, onshore and offshore well data from the Western Desert to the Nile Delta have shown that the Jurassic carbonate platform at the Egyptian margin was frequently invaded by terrigenous sediments sourced from the south and south-east (Gardosh et al., 2006;Tassy et al., 2015a).

During the Aptian, a sea-level rise occurred, and platform carbonates (Abieh and Mdairej formations) were deposited in the present-day coastal areas of Lebanon [START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF][START_REF] Nader | The hydrocarbon potential of Lebanon: New insights from regional correlations and studies of Jurassic dolomitization[END_REF].

The Aptian to Turonian carbonate platforms might exceed 1500 m and extend tens of kilometers into the Levant Basin, presenting outer ramp to slope settings [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Cenozoic Period

A global sea-level rise occurred in the late Turonian [START_REF] Haq | Cretaceous eustasy revisited[END_REF]. The Late Cretaceous global sea level high stand coincides with the convergence of the African and Eurasian plates (Robertson, 1998b;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The opposite movement of the plates resulted in the exhumation of the older oceanic crust and subsequent obduction of ophiolites onto both Arabian and (NW Syria) Eurasian plates (Cyprus) (Fig. 2.5C; Netzeband et al., 2006a;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In addition, the Late Cretaceous compression regime led to the formation of the Syrian Arc and the uplift of the western coastal ranges of Syria [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF]. At that time the Cretaceous carbonate platforms on the margins were drowned and covered by deep pelagic sediments (Fig. 2.6;i.e., Chekka Fm;Robertson, 1998a;b;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].The carbonate platforms and the basin were under deep marine setting until the early -middle Eocene times [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

During the late Eocene, the eustatic sea-level fall and a widespread marginal uplift probably due to the updoming Afar plume region in Ethiopia and Yemen occurred [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Haq | Cretaceous eustasy revisited[END_REF]. As a consequence older carbonate and sandstone sequences emerged and eroded (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The clastic material was transported through drainage systems such as the Nile [START_REF] Steinberg | Origin and nature of the rapid late Tertiary filling of the Levant Basin[END_REF], Afiq and Ashdod canyons, and the Qishon valley in the Levant Basin [START_REF] Shaliv | Stages in the Tectonic and Volcanic History of the Neogene Basin in the Lower Galilee and the Valleys[END_REF]Gardosh et al., 2006;2008;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF].

The late Eocene was also the time when the Red Sea opening took place, which resulted in the formation of pull-apart basins which were rapidly filled with fluvial sediments (Fig. 2. 5E and 2.6;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

During the Miocene, the Levant area was further uplifted due to the collision of African and Eurasian plates [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF]. The rifting along the Gulf of Suez continued and the Red Sea opening succeeded by the uplift of large areas in south-central Egypt and Western Arabian Shield. This regional uplift was expressed by fluvial and lacustrine sedimentation along the western Arabian shield as well as by some magmatic activity in Saudi Arabia and the Sinai region (Fig. 2.65E and 2.6). In contrast, the Levant Basin was dominated by mixed sediments (carbonates and siliciclastics) derived from the southern and the eastern margins [START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] suggested that the most prominent source of the siliciclastic material could be the Nile Delta whereas to the east additional, old pathways might have been re-used in order to transport more sand and silt to the basin. Such siliciclastic material within the basin is expressed by distal turbidites and basin floor fans extending northward as far as offshore Lebanon (Fig. 2.6;Said, 1981[START_REF] Macgregor | The development of the Nile drainage system: integration of onshore and offshore evidence[END_REF] At the end of the Miocene, the Mediterranean Sea was isolated from the Atlantic Ocean [START_REF] Hsü | History of the Mediterranean salinity crisis[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. The following period is well known as the Messinian Salinity Crisis (MSC) and is recorded by 1.5km of evaporites in the Levant Basin [START_REF] Hsü | History of the Mediterranean salinity crisis[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Meanwhile, the initiation of the strike-slip component in the Latakia ridge took place [START_REF] Hawie | Architecture, geodynamic evolution and sedimentary filling of the Levant basin: a 3D quantitative approach based on seismic data[END_REF] (see above).

Figure 2.5:

Paleogeographic reconstructions illustrating the main depositional environments and the main geodynamic events in the Levant region since the Middle Jurassic (from [START_REF] Barrier | MEBE Atlas of the Paleotectonic maps of the Middle East[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

The deposition of evaporites was followed by the inundation of the basin with oceanic waters (Fig. [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]Gardosh et al., 2006;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. Hemipelagic clays and marls covered the evaporites during the early Pliocene. The middle-early Pliocene succession records a lowstand which is marked by turbiditic systems (Fig. 2.6). The Pleistocene corresponds to another major sea-level rise at the scale of the Mediterranean Sea which exhibits a relatively thick hemipelagic unit.

2.5F;

Figure 2.6:

Onshore-offshore chronostratigraphic chart depicting the major lithologies on the Levant margin and their extrapolation into the Levant Basin [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Cyprus

Cyprus is situated in the eastern corner of the Eastern Mediterranean Sea. It is 225 km long (E-W) and 95 km wide (N-S) and is bounded by the Cyprus Arc to the south and Turkey to the north (Fig. 2

.7)

.The Cyprus Arc represents the easternmost part of the Mediterranean Ridge, a complex structure that extends from the Ionian islands of western Greece to Turkey, striking E-W (Fig. 2.8; [START_REF] Robertson | Collision-related processes in the Mediterranean region-introduction[END_REF][START_REF] Glover | Neotectonic intersection of the Aegean and Cyprus tectonic arcs: Extensional and strike-slip faulting in the Isparta Angle, SW Turkey[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Robertson | Overview of ophiolites and related units in the Late Palaeozoic-Early Cenozoic magmatic and tectonic development of Tethys in the northern part of the Balkan region[END_REF]. The Mediterranean Ridge represents the subduction zone created by the convergence of the Afro-Arabian and Eurasian plates (Fig. 2.7; [START_REF] Robertson | The origins of rare earths in metalliferous sediments of the Troodos Massif. Cyprus[END_REF][START_REF] Robertson | Collision-related processes in the Mediterranean region-introduction[END_REF][START_REF] Huguen | Deformational styles of the Eastern Mediterranean Ridge and surroundings from combined swath mapping and seismic reflection profiling[END_REF]. This subduction zone is still active in the westernmost part of the Mediterranean Ridge (i.e., in the Ionian Basin). In its easternmost part, the geodynamic setting is complicated, due to the ongoing collision between the African and Eurasian plates, which is expressed by the emerged island of Cyprus (Fig. 2.7;Robertson, 1998d;e). [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

The Structural evolution of Cyprus

Recent tectonic reconstructions of the Eastern Mediterranean illustrate the various tectonic events that influenced the island of Cyprus [START_REF] Harrison | TectonicHistoryNorthernCyprusHarrison2004.pdf[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The first episode occurred during the Late Cretaceous with the subduction of the African beneath the Eurasian Plate and the formation and subsequent obduction of the Troodos Ophiolites (Fig. 2.8A; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Robertson | Overview of ophiolites and related units in the Late Palaeozoic-Early Cenozoic magmatic and tectonic development of Tethys in the northern part of the Balkan region[END_REF][START_REF] Macgregor | The development of the Nile drainage system: integration of onshore and offshore evidence[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The genesis of the Troodos Ophiolites was succeeded by their juxtaposition with the Mamonia Complex [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF].

The mechanism of the juxtaposition of the two terranes -Troodos Ophiolites and Mamonia Complex is still debated, and several models have been proposed [START_REF] Robertson | Mamonia Complex, southwest Cyprus: Evolution and Displacement of a Mesozoic continental margin[END_REF][START_REF] Malpas | The Ayia Varvara Formation of SW Cyprus: A product of complex collisional tectonics[END_REF][START_REF] Swarbrick | Sinistral strike-slip and transpressional tectonics in an ancient oceanic setting: the Mamonia Complex, southwest Cyprus[END_REF][START_REF] Swarbrick | Sinistral strike-slip and transpressional tectonics in an ancient oceanic setting: the Mamonia Complex, southwest Cyprus[END_REF][START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF][START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF]. The main deformation events are summarized in [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF] as follows: (a) the subduction/accretion model; (b) orthogonal collision; (c) oceanic transform faulting, and (d) strike-slip tectonism. Palaeontological dating of sediments that pre-and post date this tectonic event indicate that the juxtaposition ended during the Maastrichtian [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF].

The collision between the Troodos Ophiolites and the Mamonia Complex was followed by the rotation of the Ophiolites and the deposition of deep-sea sediments (lower part of the Perapedhi Formation; [START_REF] Clube | Troodos Palaeorotation Microplate[END_REF]. The Late Cretaceous until the middle Eocene was a period of relative tectonic quiescence and deep water chalks of the Lefkara Formation covered relic oceanic floor topography [START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF].

During the Miocene regional uplift and a progressive shallowing of deep marine sediments occured [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Robertson | Depositional processes and basin analysis of Messinian evaporites in Cyprus,' Later Tertiary-Quaternary Mediterranean tectonics and paleoenvironments[END_REF][START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Neogene deposits (Pakhna Formation) crop out throughout the south of the island [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Helstein | The paleoenvironments and paleobiology of the Miocene reefs of the Koronia Formation, Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. Four WNW-ESE-trending structures have been recognized in the southern part of the island (Fig. 2.9). In particular, [START_REF] Robertson | Palaeogeographic and palaeotectonic evolution of the Eastern Mediterranean Neotethys[END_REF] proposed that, during the early-middle Miocene, the Troodos Ophiolites were deformed and overthrust the Early Cenozoic sedimentary cover, giving rise to the Ovgos Fault System to the north, the 'Yerasa Fault System' at the southern flank of the Troodos Mountains, and subsequently the Pafos Thrust System and Akrotiri Lineament further at southern coastline of Cyprus.

To the south of Cyprus, the Eratosthenes Seamount, which was under deep marine setting from the Late Cretaceous until the Eocene, was uplifted and remained just below sea-level during the Miocene (Fig. 2.8B; Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]Robertson, 1998a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]d;[START_REF] Major | Evolution of Paleoenvironments of Eratosthenes Seamount Based on Downhole Logging Integrated With Carbonate Petrology and Reflection Profiles[END_REF][START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]. The timing of this uplift seems to coincide with the southward thrusting of Cyprus, suggesting that the Eurasian and African Plates were already in the process of collision at that time (Fig. 2

.8C).

During the latest Miocene (ca. 5.96 Ma), the island was affected by the closure of Gibraltar, and evaporites were deposited in the previous Neogene basins (i.e., Pissouri, Polemi and Psematismenos basins). These evaporites are the Kalavasos Formation and are mainly gypsum deposits.

Borehole data offshore Cyprus recorded an unconformity between the Pliocene and the older lithologies suggesting that the final uplift of the island occurred during the Pliocene as a result of the continuous collision of the African and Eurasian Plates [START_REF] Robertson | Collision-related processes in the Mediterranean region-introduction[END_REF][START_REF] Kinnaird | Timing of uplift of the Troodos Massif (Cyprus) constrained by sedimentary and magnetic polarity evidence[END_REF]. In addition, seismic data revealed that the Eratosthenes Seamount was mostly subducted beneath Cyprus, and reached its current vertical position during the Pliocene (Fig. 2.8D; [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]. In another scenario, [START_REF] Galindo-Zaldivar | Recent tectonics of Eratosthenes seamount: An example of seamount deformation during incipient continental collision[END_REF] proposed that the subduction of the Eratosthenes Seamount might be the only reason for the final uplift of Cyprus. [START_REF] Sage | Convergence of the African and Eurasian Plate in the Eastern Mediterranean[END_REF]Robertson, 1998a;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Stratigraphy of Cyprus

The most prominent features that govern the topography of the island are: Arakapas Transform Fault;PFS=Pafos Fault System (modified from Kinnaird, 2008).

The Troodos Ophiolites

Exposed in the center of the island, the Troodos Ophiolites are thought to be a slice of oceanic crust and mantle formed during the Late Cretaceous (ca. 92 -85 Ma) above a northerly dipping subduction zone (Fig. 2. 10 Gass and Masson-Smith, 1963;[START_REF] Moores | Discussion on the origin of Troodos and other ophiolites: A reply to Hynes By Akiho Miyashiro[END_REF][START_REF] Mukasa | Uranium-lead isotopic ages of plagiogranites from the Troodos ophiolite, Cyprus, and their tectonic significance[END_REF][START_REF] Mackenzie | Geophysical constraints on the crustal architecture of the Troodos ophiolite: Results from the IANGASS project[END_REF][START_REF] Osozawa | Geochemistry and geochronology of the Troodos ophiolite : An SSZ ophiolite generated by subduction initiation and an extended episode of ridge subduction ?[END_REF]. The general stratigraphy for the Troodos Ophiolites shows that the mountains from the top to the base are composed of upper mantle harzburgites, which are overlain by layered cumulates, non-cumulate rocks (i.e., massive gabbro), sheeted dikes and finally pillow lavas.

The latter is divided into upper and lower lava subsequences regarding their geomorphological characteristics and geochemistry [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. 

The Mamonia Complex

The Mamonia Complex is well exposed in the west of Cyprus from the coastline near the Petra tou Romiou (Fig. 2.9 and 2.10) up to 10 km inland and it consists of three different sedimentological and stratigraphic units: (a) the volcanic and meta-sedimentary of Dhiarizos group, (b) the sedimentary Agios Photios group and (c) the metamorphosed carbonates of Agia Varvara group (Fig. 2.11; [START_REF] Robertson | Mamonia Complex, southwest Cyprus: Evolution and Displacement of a Mesozoic continental margin[END_REF][START_REF] Swarbrick | The Kathikas Melange, SW Cyprus; Late Cretaceous submarine debris flows[END_REF][START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF].

The Dhiarizos group is composed of Triassic pillow lavas (Phasoula Formation; alkaline to tholeiitic basalts), volcanic breccias (Loutra tis Aphroditis Formation), recrystallized algal/coral boundstones and shell-detrital limestones (Petra tou Romiou Formation). New Nd and Pb isotopic data have shown that the whole Mamonia volcanic suite exhibits features of Oceanic Island Basalts (OIB) and it is considered that the Dhiarisos group might represent a seamount with carbonate buildups, formed outboard of the continental microplate [START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF].

The Agios Photios group consists of carbonate and siliciclastic sediments deposited from the Late Triassic until Late Cretaceous. The lowermost unit of this group is composed of turbidite sandstones and siltstones with intercalations of micritic limestones and calcarenites (Vlampouros Formation) which are dominated by upper Norian to Rhaetian age nannofossils [START_REF] Yu | Stratigraphy and formation conditions of the Jurassic Siliceous and Terrigenous Deposits in the southwestern Cyprus[END_REF][START_REF] Biju-Duval | Sedimentary Geology[END_REF]. Also, the Agios Photios group is composed of Jurassic radiolarian cherts (30 m thick) and mudstones with poor radiolarian fauna (Episkopi Formation; [START_REF] Malpas | The Ayia Varvara Formation of SW Cyprus: A product of complex collisional tectonics[END_REF] as well as Lower Cretaceous quartz-arenitic mud-flows (Akamas Member; [START_REF] Malpas | The Ayia Varvara Formation of SW Cyprus: A product of complex collisional tectonics[END_REF].

The Agia Varvara group is considered to be the metamorphosed equivalent of the Dhiarizos group and is located close to serpentinite shear zones [START_REF] Malpas | The Ayia Varvara Formation of SW Cyprus: A product of complex collisional tectonics[END_REF]. This group is a wedge of amphibole schists and intercalated metasediments which include quartz-mica and schists [START_REF] Malpas | The Ayia Varvara Formation of SW Cyprus: A product of complex collisional tectonics[END_REF].

Keryneia Range

The Keryneia Range is a narrow arcuate deformed belt, several hundred kilometers long, that crops out along the northern coast of Cyprus and is mostly comprised of Mesozoic and Cenozoic sedimentary rocks [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF] recognized four stratigraphic groups, within the Keryneia Range listed as follows: (a) the Mesozoic shallow carbonates of Trypa Group, that was brecciated and strongly metamorphosed during the Early Cretaceous; (b) the Maastrichtianearly Eocene Lapithos group which is composed of carbonate breccias intercalated with bimodal acid-basic volcanics; (c) the early Oligocene to Messinian thick clastic sequence of Kythrea group, which is comprised of conglomerates, turbiditic sandstones and mudstones, bioclastic limestones and evaporites; and (d) the Pliocene Mesaoria group which consists of conglomerates and marls (Fig. 2.11;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. These units are separated by unconformities, and each unconformity appears to be coeval with the most important geodynamic events (Fig. 2.11).

Figure 2.11:

Composite lithostratigraphic column with the main formations and the main features found onshore Cyprus with respect to the geodynamic events (based on maps from the Geological Survey of Cyprus from [START_REF] Pantazis | Cyprus evaporites[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Circum Troodos Sedimentary succession

Late Maastrichtian sediments

Onshore Cyprus pelagic (Perapedi Formation;Fig. 2.11) and volcanic (Kannaviou Formation; Fig.

2.11

) origin sediments are evidence that parts of the Troodos Ophiolites were already elevated by the Campanian (Robertson, 1977a;b). It has been postulated that by the Maastrichtian, the eastern and northern parts of the Troodos Mountains had escaped erosion, and deposition of pelagic sediments occurred (Robertson, 1977a). In contrast, to the south, the deep pelagic sediments were mixed with terrigenous material derived from the upper parts of Troodos Ophiolites and Mamonia Complex.

According to [START_REF] Swarbrick | Revised stratigraphy of the Mesozoic rocks of southern Cyprus[END_REF] these sediments are known as the Moni and the Kathikas formations. The Moni Formation is mainly located on the southeastern side of the island whereas the Kathikas Formation to the south-west. The Moni Formation is composed of a matrix of grey bentonitic clays and siltstones and radiolarian mudstones, most probably derived from the older Kannaviou Formation [START_REF] Swarbrick | Revised stratigraphy of the Mesozoic rocks of southern Cyprus[END_REF]. In contrast, the Kathikas Formation consists of fragments that originated from the Mamonia Complex, [START_REF] Swarbrick | The Kathikas Melange, SW Cyprus; Late Cretaceous submarine debris flows[END_REF]. During the present Ph.D. thesis, only Kathikas Formation is observed and studied. This formation is a 270 m thick, consisting of undeformed, marine-matrix-supported debris flow deposits [START_REF] Swarbrick | The Kathikas Melange, SW Cyprus; Late Cretaceous submarine debris flows[END_REF]. It is also composed of 30% poorly-sorted, purplish-grey clasts, supported by argillaceous matrix. Its beds are several meters thick, and they can be identified either by the variation in the size of the clasts and fabrics, or the pelagic interbedded units (Fig. 2.11). The pelagic units indicate pauses in debris flow sedimentation and are mainly composed of chalk, containing coccoliths and foraminifera, dated as late Maastrichtian [START_REF] Urquhart | Biostratigraphy of the supra-ophiolite sediments of the Troodos Massif, Cyprus: the Cretaceous Perapedhi, Kannaviou, Moni and Kathikas formations[END_REF][START_REF] Morse | Biostratigraphical constraints ( calcareous nannofossils ) on the Late Cretaceous to Late Miocene evolution of Cyprus[END_REF].

Paleogene-Lefkara Formation

From the late Maastrichtian until the late Oligocene, Cyprus was covered by deep ocean, in which planktonic foraminifera and calcareous nannofossils formed sediments that are known as the Lefkara Formation [START_REF] Pantazis | Cyprus evaporites[END_REF][START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF][START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The Lefkara Formation is subdivided into four geological units, described below as follows:

Lower Marl Unit:

The Lower Marl Unit consists of pinkish marls, chalky white marls and rare limestones and cherts in medium to thick beds. The maximum thickness of this unit is estimated between 25 and 100 m. [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF] noted the earliest deposition of the Lower Marl Unit, initiated during the late Maastrichtian, extending up to the early Eocene (Fig. 2.11).

Chalk and Chert Unit

The Chalk and Chert Unit is characterized by medium-bedded limestones, including chalks, marly chalks, and thin marls intercalated with cherts and silicified micrites [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. It has a maximum thickness of 300 m and is deposited during the early Eocene (52 Ma;Fig. 2.11;[START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF]. According to [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF] the chert bands are colored near the base of the unit and become grey higher up in the sequence. The chalks of the lower part of this unit are either cross or parallel bedded suggesting slope deposits and more particular turbidites (Fig. 2.11;Robertson, 1977a).

Chalk Unit

The top of the Middle Lefkara unit is referred to as Chalk Unit. This unit has a variable thickness between 70 and 250 m and is composed of medium-to thickly-bedded alternations of mudstones to packstones, with abundant foraminifera (Fig. 2.11;[START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Upper Marl Member

The youngest part of the Lefkara Formation has a thickness that varies between 0 and 200 m [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. It consists of laminated marls that, in some places, are overlain by karstified units (the boundary with the Pakhna Formation; Fig. 2.11). The age of this unit is diachronous. In particular, the top of the underlying Chalk Unit changes from east to west, and thus in some sections, the deposition of the Upper Marl Member began to be deposited during the early Oligocene (Stavrovouni), whereas in others, started in the early Miocene (Agios Nikolaos village, Kouka village, Lefkara village; [START_REF] Stow | Fossil Contourites:type example from an Oligocene paleoslope system,Cyprus[END_REF].

Miocene-Pakhna Formation

The Miocene sedimentsreferred to as Pakhna Formationreflect an abrupt change in the sedimentation style, and consist of reef limestones to open shelf and turbiditic carbonates (Fig. 2.11; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. The nature of the Lefkara/Pakhna boundary varies, depending on the tectonic setting and the depositional environment of each basin. It can be either unconformable or conformable. Hence, the Pakhna Formation begins either with an increased input of shallow bioclastic material, superposed on an erosional surface or by highly-bioturbated carbonates which overlie the pelagic carbonates of Lefkara Formation, without any visible hiatus [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF] suggested that this change is related to the convergence of the African and Eurasian plates. This means (a) the deposition of the Lefkara Formation is abruptly terminated in response to Miocene uplift; and (b) the deposition of the Lefkara Formation occurred on a stable carbonate slope-apron or basin plain, whereas the deposition of the Pakhna Formation took place in localized, tectonically-controlled depressions. Local tectonism, rather than global eustatic sea-level changes, was the main control on sedimentation before the Messinian [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. However, alternations of thinner and thicker-bedded calciturbidites may reflect cycles influenced by relative sea-level changes (Fig. 2.11; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. Within the Pakhna Formation; two different reef members are also recognized. These reefs represent different ages and environments of deposition and are referred to as the Terra and Koronia members. [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF].

Terra Member

The Terra Member consists of a diverse coral framestone, comprising faviids sp., porites sp., and secondary reef-dwelling corals of early Miocene age. Its fore-reef facies is composed of packstones/grainstones abundant in benthic foraminifera [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]1996). Restricted either to western or southeastern Cyprus [START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF], the reefs of Terra Member grew as upstanding patches under a relatively deep and calm sea, on isolated carbonate shelves [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]. In the southeast, the reefs appear to be 80 m thick and 500m wide whereas to the west they have a diameter less than 100 m [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF].

Koronia Member

The Koronia Member is a laminar bindstone comprising monospecific, laminar poritid corals of Tortonian age [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]1996;[START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF]. The fore-reef facies of Koronia Member consists of calcarenites, rich in poritid coral fragments. It is thought that tectonics controlled the location of the reefs, the clastic input and the type of builders of the Koronia Member [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]1996;[START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF]. In particular, the authors proposed that the Koronia Member grew in a shallower sea with varying turbulence, interspersed with bioclastic sands fringing a large, emergent land-mass.

Messinian-Kalavasos Formation

Sedimentary and microfossil data have shown that during the Messinian, Cyprus was separated in semi-enclosed and restricted shallow marine basins [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. These basins experienced an influx of marine and fresh water. This statement is supported by the absence of openmarine nanoplankton (e.g., Discoaster) and by the presence of neritic-littoral and freshwater diatoms [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. The extreme environmental conditions that occurred during this time led to the deposition of several gypsum facies, lagoonal, lacustrine deposits and local palaeosols [START_REF] Robertson | Depositional processes and basin analysis of Messinian evaporites in Cyprus,' Later Tertiary-Quaternary Mediterranean tectonics and paleoenvironments[END_REF][START_REF] Rouchy | Paleoenvironmental changes at the Messinian ± Pliocene boundary in the eastern Mediterranean ( southern Cyprus basins ): Significance of the Messinian Lago-Mare[END_REF][START_REF] Orszag-Sperber | Changing perspectives in the concept of "Lago-Mare" in Mediterranean Late Miocene evolution[END_REF]. This succession is referred to as Kalavasos Formation and is mainly composed of four lithostratigraphic units: (a) the Lower Gypsum Unit (Fig. 

(A) The Lower Gypsum Unit

The Lower Gypsum Unit is 70 m thick and is a chaotic interval that is composed of marls/chalks and gypsum (Fig. 2.12A; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. This transitional interval, from cyclic carbonates to evaporites, has also been described as the 'barre jaune unit,' and is formed by indurated and finely-laminated limestones, with features that are characteristic of microbial deposits, (i.e., stromatolites).

(B) The Intermediate Breccia

The Intermediate Breccia and Upper Gypsum units are both 80 m thick and are divided into several units, showing variable lithology: (a) parallel-laminated gypsum (Fig. 

(C) The Lago Mare deposits

The post-evaporitic unitthe Lago Mare successioncomprises marls, conglomerates, carbonates, and palaeosols dated as latest Messinian (Fig. 2.12;[START_REF] Orszag-Sperber | The sedimentary expression of regional tectonic events during the Miocene-Pliocene Transition in the southern Cyprus basins[END_REF].

Pliocene-Nicosia Formation

The Nicosia Formation overlies the Messinian evaporites and represents marine sedimentation, that ranges between deep and shallower near-shore environments [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF] has documented that the Nicosia Formation exceeds from 300 m in the southern part of Cyprus up to 900 m, in the Mesaoria Basin [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Geological Department of Cyprus recognized six members in the Nicosia Formation [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]: the Marine Marl, the Marine Littoral, the Lithic Sand, the Kephales, the Athalassa and finally the Aspropamboulos members.

The Marine Marl Member comprises green-grey to dark brown, fossiliferous silty marls, and small amounts of sandy marls (Fig. 2.11). It displays a coarsening and shallowing upward trend, from white micrites and marls to grey fossiliferous marls and then to terrigenous siltstones. In the marginal areas, discontinuous beds of coarse-grained sandstones and gravels have been noted. Fauna is abundant, including bivalves and gastropods, as well as benthic and planktonic foraminifera [START_REF] Mccallum | Late Pliocene-early Pleistocene Athalassa Formation, northcentral Cyprus: carbonate sand bodies in a shallow seaway between two emerging landmasses[END_REF].

The Marine Littoral Member consists of gravel, sand and silt. It is also a cross-bedded unit, which contains flat, round pebbles, and some oolitic sands (Fig. 2.11; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Lithic Sand Member contains fine to coarse lithic sand and sandstones, derived dominantly from the Troodos Ophiolites sequence. It includes subordinate horizons of marls and silty marls [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Kephales Member or Kakkaristra Formation is composed of deltaic, cross-bedded, fine-grained, and well-sorted sandstones. It is a relatively thin unit (<15 m), intercalated between the shallow marine facies of the upper part of the Nicosia Formation and the more recent fluvial sediments of the Apalos Formation [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Athalassa Member comprises marine, shallow cross-stratified, bioclastic sandstones. McCallum and Robertson (1995) recognized the following facies: (a) planar-stratified, (b) fine-grained calcarenites; cross-bedded, (c) medium-grained calcarenites; and (d) fine-grained, moderately-sorted slightly muddy, structureless and highly-bioturbated sandstones (Fig. 2.11; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The Aspropamboulos Member is locally-exposed south of Laxia village, consisting of fine-grained, cross-bedded oolites (Kinnard, 2008).

Late Pliocene-early Pleistocene continental deposits of the Apalos Formation

The Nicosia Formation is overlain by the Apalos Formation [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The Apalos Formation is 10 to 60 m thick and is locally preserved in the Mesaoria Basin [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The upper Pliocene to lower Pleistocene Apalos Formation is a succession of stacked fluviatile deposits that consist of well-bedded gravels, flood deposits, and palaeosols. Each stacked fluvial unit has an internally unique, repeating sequence of channel gravels, red, oxidized, flood-plain sand, and mud that is overprinted by soil horizons and caliche deposits [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Late Pliocene-mid to late Pleistocene Fanglomerates and marine terrace deposits

The Pleistocene sedimentary succession includes both shallow marine and terrestrial deposits [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. Several facies associations exist, such as: (a) marine terraces [START_REF] Poole | Late Quaternary uplift of the Troodos ophiolite, Cyprus: uranium-series dating of Pleistocene coral[END_REF][START_REF] Poole | Quaternary uplift and sea-level change at an active plate boundary, Cyprus[END_REF]2000); (b) fluvial terraces [START_REF] Poole | Pleistocene fanglomerate deposition related to uplift of the Troodos Ophiolite, Cyprus[END_REF]; (c) carbonaceous colluvial deposits of limestone (Havara rock); and (d) caliche (Kafkalla rock [START_REF] Stow | The Pissouri Basin fan-delta complex, southwestern Cyprus[END_REF].

The Pleistocene Fanglomerate group is composed of coarse alluvial clastic sediments deposited in tectonically-uplifted areas [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. It consists mainly of conglomerates, with subordinate sand and silt [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The proximal facies of this unit is poorly-sorted, with non-consolidatedmatrix-supported conglomerates, whereas the distal facies is represented by well-bedded, poorlycemented, channelized gravels and sands, silts, and caliche horizons. It is worth mentioning that dating using the uranium-series methods, yield ages of 185-192 ka and 116-130 ka, for these sediments [START_REF] Poole | Late Quaternary uplift of the Troodos ophiolite, Cyprus: uranium-series dating of Pleistocene coral[END_REF]. 

Fault Systems Onshore Cyprus

Arakapas Transform Fault

The Arakapas Transform Fault is an old and complex structure which extends from east to west at a distance of 30 km from Agios Mamas to Vavla village [START_REF] Simonian | 53ArakapasTransformFossilTransformFaultSimonian1978[END_REF]. [START_REF] Moores | The Troodos Massif, Cyprus and other ophiolites as oceanic crust: evaluation and implications[END_REF] first recognized the strike-slip character of this fault system and suggested that it might represent a fossil oceanic transform fault. This fault zone is composed of sheared and brecciated ophiolitic rocks that are cut by elongated east-west trending slivers of sheared serpentinite [START_REF] Murton | Was the Souther Troodos Transform fault a victim of microplate rotation?[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The Arakapas Transform Fault runs entirely into the ophiolitic series and separates the Troodos Ophiolites from the Limassol Forest Block (Fig. 2.9; [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].The Limassol Forest Block is a chaotic ophiolite terrane that is comprised of deformed, mantle rocks, formed within a transform fault zone [START_REF] Simonian | 53ArakapasTransformFossilTransformFaultSimonian1978[END_REF][START_REF] Murton | Anomalous oceanic lithosphere formed in a leaky transform fault: evidence from the Western Limassol Forest Complex, Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Palaeomagnetic evidence [START_REF] Macleod | Structure and tectonic evolution of the Southern Troodos Transform Fault Zone, Cyprus[END_REF][START_REF] Morris | Palaeomagnetic evidence for clockwise rotations related to dextral shear along the Southern Troodos Transform Fault, Cyprus[END_REF][START_REF] Morris | The Late Cretaceous palaeolatitude of the Neotethyan spreading axis in the eastern Mediterranean region[END_REF] and structural data (MacLeod and [START_REF] Macleod | Structure and tectonic evolution of the Southern Troodos Transform Fault Zone, Cyprus[END_REF], suggest that the deformation along the transform fault was dextral during the Cretaceous. More recently [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF] based on the active seismic hazards, has shown that the northern part of the Arakapas Transform Fault was re-activated as a sinistral strikeslip fault during the Quaternary.

The Mamonia Complex Suture Zone

Located in the south-western part of Cyprus the Mamonia Complex Suture Zone (MCSZ) is defined by a thrust system which is segmented in two faults; one to the north and another to the south (Fig. 2.9; [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF]. Both segments, of this narrow complex tectonic belt, imbricate together elements of oceanic crust, and deposits of passive continental margin [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF]. The southern segment is marked by east-west striking serpentinite filled faults which are defined as narrow slivers and run through Loutra tis Aphroditis, Mavrokolymbos, Marathounda, Agia Varvara and Phasoula villages. In contrast, the northern segment is defined by the south-western edge of the Troodos Ophiolites and can be traced through Kannaviou Statos and Galataria villages [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF].

Ovgos Fault System

First [START_REF] Cleintuar | The Geology of Cyprus and its place in the East-Mediterranean Framework[END_REF] described this fault as a northward dipping thrust belt which was generated by a considerable amount of southward movement. On the northern flank of the Ovgos fault, the Miocene Kythrea flysh sediments are discordantly overlain by gypsum deposits which in turn are deformed and thrust by Mesozoic units [START_REF] Cleintuar | The Geology of Cyprus and its place in the East-Mediterranean Framework[END_REF]. This fault has also been interpreted as an E-W trending sinistral strike-slip, that separates the Mesaoria Basin from the Keryneia Range at least since the late Miocene. In particular, the continuous change of facies of the late Miocene sediments across the Ovgos fault zone led Monnet, (2005) to suggest that the deposition of sediments was transported along the fault in a strike-slip manner since the Tortonian. Indeed, [START_REF] Harrison | TectonicHistoryNorthernCyprusHarrison2004.pdf[END_REF] agreed with this interpretation and suggested that the change in convergence (i.e., transpressional) between Africa and Eurasia in Tortonian, correlates with the movement observed on the Ovgos fault zone, where the left lateral strike-slip nature of the fault.

Yerasa Fault System

The Yerasa Fault System (YFS) is located in south-central Cyprus (Fig. 2.9). It is 30 km long and 2 km wide, adjacent to the southern margin of the Limassol Forest Block. It is described as an earlymiddle Miocene NW-SE trending zone of thrusts that can be followed from Agios Mamas village (1km outside the village) to the north-west until the Moni village to the southeast [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. In the north-west, the fault is defined by the southward thrust-sheets of the Limassol Forest Block and to the south-east, the fault is marked by large, tight upright folds, which could have formed above blind thrusts [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF] demonstrated that the pillow lavas overthrust the bentonitic clays of Moni Mélange, which in turn overthrust the Paleogene chalks of the Lefkara Formation. Hence, they proposed that this fault reflects the reactivation of an Upper Cretaceous weak zone. It is also, suggested that Yerasa Thrust System ceased to be active during the very late Miocene [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. This argument is based on the presence of late Miocene non-deformed bioclastic limestones (Koronia Member) on top of the pillow lavas of the Troodos Ophiolites. During the Quaternary Yerasa Fault reactivated in a strike-slip sense. [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF] through a series of structural and geomorphological studies (general geometry of the trace; faulting of Quaternary deposits) advocated that the new lineament (YFS) had a major dextral component.

The Akrotiri Lineament or High

The Akrotiri Lineamentor Highhas been described as a fault-controlled basement high, trending in an NW-SE direction [START_REF] Eaton | Carbonate platform to basin transitions on seismic data and in outcrops: Great Bahama Bank and the Maiella Platform margin, Italy[END_REF][START_REF] Mccallum | Seismostratigraphy and Neogene-Recent depositional history of the south-central continental margin of Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The most prominent indication of this high is the exposed Cretaceous rocks of Mamonia Complex, at the south-western tip of the Akrotiri Peninsula [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. In addition, shallow marine seismic data south of Cyprus Cyprus revealed that the lineament could be traced offshore as a broadly-folded belt of Miocene strata.

The post-Messinian deposits are not deformed, thus showing that the fault ceased to be active before the Pliocene [START_REF] Mccallum | Seismostratigraphy and Neogene-Recent depositional history of the south-central continental margin of Cyprus[END_REF].

Eratosthenes Seamount

The Eratosthenes Seamount is located in the western part of the Levant Basin (Fig. 2.13). Wide angle refraction and reflection survey between Cyprus and Israel suggest that the Eratosthenes Seamount consists of continental crust which is thicker in the middle and thinner to the northeast (Fig. 2.14; [START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF][START_REF] Welford | Crustal seismic velocity structure from Eratosthenes Seamount to Hecataeus Rise across the Cyprus Arc, eastern Mediterranean[END_REF]. Several scenarios have been proposed about the origin of the crust below Eratosthenes. For instance, [START_REF] Sage | Convergence of the African and Eurasian Plate in the Eastern Mediterranean[END_REF] argued that the seamount is a continental fragment detached from the continent. Nowadays the most accepted theory is proposed by Krasheninnikov et al., (1994) who suggested that the Eratosthenes Seamount is the northern remnant of the Precambrian African-Arabian Platform. Thus the Eratosthenes Seamount is interpreted as a long-lived structure, rifted from the Afro-Arabian margin during the breakup phases from Late Triassic to Middle-Jurassic times [START_REF] Nur | The eastern Mediterranean and the Levant: Tectonics of continental collision[END_REF][START_REF] Kempler | Eratosthenes Seamount: The Possible Spearhead of Incipient Continental Collision in the Eastern Mediterranean[END_REF][START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF][START_REF] Guiraud | Phanerozoic geological evolution of Northern and Central Africa: An overview[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Direct evidence of the syn-rift and the early post-rift stages of Eratosthenes Seamount do not exist. However, the geohistory of this structure must be linked to the tectonostratigraphic evolution of the Levant Basin, and its surrounding margins.

From Middle Jurassic to Middle Cretaceous, post-rift subsidence provoked a shallow marine platform on the Afro-Arabian margins, and deep marine settings in the basin [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). The interplay between eustatism and the regional tectonism of that time induced the development of carbonate platforms. The Jurassic carbonate platforms show retrogradation and agradation, and the Cretaceous platform is back-stepping above the Jurassic series [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a).

Drilling results and published work of the Ocean Drilling Program Leg 160 (ODP) provided the first record of pre-Messinian pelagic and shallow marine sediments from the Eastern Mediterranean (Fig. 2. 14;Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]Robertson et al., 1998a;[START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF].

The deepest borehole of the ODP survey drilled on the northern slope of the seamount (site 967) and penetrated to approximately 600 meters and reached shallow marine carbonate of Early Cretaceous (Fig. 2.8). The stratigraphic record shows that during the Coniacian the Early Cretaceous shallow marine carbonates were covered by pelagic sediments (Fig. 2.14;Emeis et al., 1996c;[START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]Robertson et al., 1998a;[START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF]. In particular, the drowning of the carbonate platform is suggested by the presence of calciturbidites and reworked elements (Robertson, 1998a). The recovered sediments from site 967 were periodically winnowed probably due to bottom currents since these rocks were cross laminated with ripple marks. The Cretaceous/Cenozoic boundary is recorded by a hiatus from late Maastrichtian until middle Eocene. The presence of reworked foraminifera indicates that the pelagic sedimentation continued in the Early Paleogene and the sediments removed due to bottom current activity. Similar pelagic carbonates of middle Eocene age were recovered further south at site 966 (Fig. 2. 14;Emeis et al., 1996a). The top of this unit is enriched with uranium, thorium, and potassium suggesting that the overlying unconformity was characterized by lower rates of sediments and thus possibly correspond to a hard ground [START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]. [START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF] argue that the Eocene and Miocene sediments dip in different directions suggesting the tilting of the seamount and thus its collision with Cyprus Arc. Subaerial erosion and karstification signs are absent, indicating that the seamount was uplifted just slightly below sea-level (Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Major | Evolution of Paleoenvironments of Eratosthenes Seamount Based on Downhole Logging Integrated With Carbonate Petrology and Reflection Profiles[END_REF]Robertson, 1998a;b;[START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]. This uplift allowed the deposition of shallow-water carbonates on the flat top of the seamount. The limestones recovered from sites 965 and 966, consisting of corals (e.g., Porites sp.) and large benthic foraminifera. Nevertheless, the two cores show some differences. In particular, the elements recovered from the site 965 show a more proximal and high-energy environment compared to the fine-grained micritic sediments drilled at the site 966 which suggest a lagoonal depositional setting (Emeis et al., 1996a;b). Petrographic analyses show that these formations experienced the same diagenetic history (Robertson, 1998c). It is worth mentioning that Krasheninnikov et al., (1994) dredged reef limestones including corals of probable Miocene ages from the southern slopes of the Eratosthenes carbonate platform indicating that the Miocene reefs did not only grow on the flat-top of the platform (Fig. 2

.14).

At the northern foot of the seamount, the Miocene is absent, and the Late Paleogene sediments are overlain by the fine-grained deep-water sediments of Pliocene age (Fig. 2.14). Nevertheless, reworked microfossils of the Oligocene and Miocene shallow-water carbonates were also recovered. It is possible that the Miocene shallow carbonates which deposited at the flat-top eroded and accumulated at the northern foot of the seamount. Therefore, the Eratosthenes Seamount was dissected by highangle faults due to the collision, resulting in some small patch reefs scattered over the older drowned carbonate platform (Robertson, 1998b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]. A similar pattern of patch-reef distribution is recorded in southeastern and south-western Cyprus (Terra and Koronia members; [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF].

The drilling results (site 965 and site 966) also confirmed that at the flat-top of Eratosthenes Seamount the early Pliocene deposits rest uncomfortably on diagenetically altered Miocene shallow-water limestone. Several meters of reddish clays with abundant ostracods (Miocene to Pliocene age), dolomite, aragonite and swelling clays which are referred to as paleosols and caliche are also recovered (Bottcher et al., 1998b). At site 967 the log data indicate the presence of thin layers of gypsum at the base of the Pliocene. Hence, it is possible that during the Messinian, the Eratosthenes Seamount was a topographically uplifted area which experienced erosion, gravitational instabilities and eventually, soil development (Emeis et al., 1996c).

During the Pliocene, the tectonic subsidence of Eratosthenes accelerated, and the seamount reached its current vertical position [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]. Shipboard study on benthic foraminifera revealed the presence of taxa indicative of water depths in the range of 1800-2500 m (i.e., lower meso bathyal) in the late Pliocene (Fig. 2.13B). The subsidence of the seamount during the Pliocene was followed by further deepening in the Pleistocene (Emeis et al., 1996c;[START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]Robertson et al., 1998d). The youngest section of the succession at the northern slope of Eratosthenes Seamount is composed of hemipelagic sediments, including sapropels [START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]. These sediments probably derived from the Nile River since neither Cyprus nor adjacent areas of Turkey could provide similar sediments (Fig. 2. 13;[START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF].

The present-day bathymetry of the seamount shows a stair-cased pattern with many faults at the northern slope [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]. These asymmetrical faults have an ENE-WSW trend and an axial surface which is dipping northward. These structures suggest that the direction of the recent compression in this area was roughly NNW-SSE (Fig. 2.13B; [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]. Seismic data reveal that the primary deformation probably took place before deposition the complete Pliocene-unit [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]. [START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF].

CHAPTER 3 DATA AND METHODS -3-Data and Methods

Seismic data set

A multi-client seismic reflection data library of Petroleum Geo-Services (PGS) exists offshore Cyprus. About 19,000 km of regional 2D seismic profiles were acquired during two campaigns. The MC2D CYP2006 survey was conducted in 2006 and the MC2D-CYP2008 survey in 2008. They covered 6770 linear km and 12200 linear km, respectively. Both surveys were achieved by using a dual sensor GeoStreamer® 8100 m long, with 9.216 sec recording length (TWT) (https://www.pgs.com/datalibrary/europe/mediterranean/). The seismic grid for the first survey was 10 x 20 km while for the second (i.e., MC2D-CYP 2008) was 20x20 km for the Herodotus Basin and 5x5 km for the Levant Basin. Twenty-four 2D (TWT) seismic profiles have been selected from these two surveys (Fig. 3.1)

The seismic interpretation was undertaken through the use of GeoFrame Charisma (v.4.4) software which was available at IFP Energies Nouvelles (Rueil-Malmaison). The Charisma seismic interpretation software is a part of the Geoframe integrated reservoir characterization system. It is designed for 2D, 3D and 4D seismic interpretation with integrated modules including ASAP, Variance, Cube, in-depth and SeisClass, along with the traditional 2D and 3D interpretation modules (www.slb.com). The interpretation of twenty-four 2D seismic profiles coupled with the available ODP wells offshore Cyprus permitted to define the primary reflectors and seismic packages in the Levant Basin area and Eratosthenes Seamount. The main identified surfaces which delimit the seismic packages were imported later on in goCad software to generate isochron maps. These maps were converted from time to depth using InDepth interactive velocity modeling and stacking velocities which were provided by PGS.

Eight seismic packages have been recognized in the Levant and six on Eratosthenes carbonate platform. For each seismic unit, we proposed a specific age using previous studies as a reference (Gardosh et al., 2006;2008;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]Tassy et al., 2015a). Although the suggested ages for each seismic unit are given with some degree of uncertainty, since no wells were available, the good seismic reflection continuity across Levant region allowed us to make such assumptions. We also examined the geometries of the interpreted seismic units using sequence stratigraphy concepts based on Mitchum et al., (1977a;b); [START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF] and [START_REF] Catuneanu | Towards the standardization of sequence stratigraphy[END_REF]2011).

The characterization of the seismic facies allows us to evaluate the lateral variability of the facies, the geometry of sedimentary bodies and identify the depositional environments. They are described according to the configuration, the continuity and the amplitude of the reflections (Fig. 3.2).

Further analysis of the seismic facies within the selected seismic packages has also been achieved using the lithofacies described in previous studies. (chapter 4: Table 2; Mitchum et al., 1977a;b;Gardosh et al., 2006;2008;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a;[START_REF] Esestime | Zohr -A newborn carbonate play in the Levantine Basin, East-Mediterranean[END_REF]Bertello et al., 2016). Moreover, the distribution of seismic facies on Eratosthenes carbonate platform has been compared with other analogs around the world in order to better define the geometries of isolated carbonate built ups and trace the platform to basin transition (Fig. 3.3). Mitchum et al., 1977a;b).

ODP wells

Ocean Drilling Program (ODP) Leg 160 conducted four drillings offshore Cyprus. The Leg 160 aimed to investigate the tectonic and the paleogeographic history of the Mediterranean Sea (Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]d). One focus of this program was to understand further the collisional processes related to the tectonic history of the Eratosthenes Seamount. Therefore, four wells across the Eratosthenes Seamount have been drilled. These wells are well described in Fig. 2.14 and intersect the Eratosthenes Miocene sediments. Also, a detail description of the borehole data exists in (Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]d). The borehole data have been interpreted by Robertson, (1998a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]) in terms of facies and depositional environment and will be correlated with the seismic during this Ph.D. (chapters 4 and 5).

The correlation of the well with seismic data will permit reducing some of the uncertainties regarding the age allocations of the interpreted seismic packages; leading to a better understanding of the architecture of Eratosthenes carbonate platform as well as the platform-slope basin transition.

Figure 3.3: (A) Example of not interpreted seismic section across a Miocene carbonate platform at

Luconia province (SW China, [START_REF] Zampetti | Architecture and growth history of a Miocene carbonate platform from 3D seismic reflection data; Luconia province, offshore Sarawak, Malaysia[END_REF]; (B) Schematic illustration of the interpretation conducted on the seismic profile in the Fig. 3.3; the seismic stratigraphic units are labeled as A-D (modified from [START_REF] Zampetti | Architecture and growth history of a Miocene carbonate platform from 3D seismic reflection data; Luconia province, offshore Sarawak, Malaysia[END_REF]; (C) Not interpreted seismic section passing across the eastern margin Eratosthenes Seamount (our study).

Calibration of the Well and the Seismic Data

The correlation between the well and the seismic data occurred along the deepest well which is located on the northern slope of Eratosthenes Seamount (i.e., site 967). The available seismic data are recorded in two-way time (TWT) whereas the well logs are measured in depth. Well, and seismic data were tied by following the standard procedure of synthetic seismograms using the easy trace software (IFP Energies Nouvelles). The synthetic seismogram is the fundamental link between the well and seismic data, and it is the main tool that allows associating geological picks with seismic reflections [START_REF] Rekoske | Synthetic Seismograms[END_REF]. For this procedure, the sonic and the density logs were firstly corrected by removing spikes that appeared due to the badconditions of the borehole data (Fig. 3.4B and 3.4C). Afterwards, the sonic log was integrated in time giving the infer Depth to Time conversion law, (Fig. 3.4E) which in turn has been used to convert several measurements (such as geological picks and Spectral Gamma-ray).

The converted velocity and the density data were multiplied giving the Acoustic Impedance (Fig. 3.5B) and eventually the reflection coefficients by derivation of the Impedance (Fig. 3.5C).

Afterwards, the reflection coefficients were convolved with a chosen analytical wavelet (Fig. 3.5D).

The wavelet represents a wave-like oscillation that has a certain frequency and amplitude. The chosen wavelet should have similar frequency component to the interpreted seismic data which in this case are zero-phase. In the vicinity of the well, the main frequency of seismic traces ranges from 30Hz to 40 Hz. Therefore, the Ricker wavelet with a frequency of 30 Hz, has been chosen (Fig. 3.5D). With the convolution between the reflection coefficients and the Ricker wavelet a synthetic seismic trace was created (Fig. 3.5F) This trace was compared to four reference traces that were extracted from the seismic line 2012 near the vicinity of the well (Fig. 3.5E to 3.5I): The amplitude and the wavelength of the real traces are in agreement with the synthetic one (Fig. 3.5E to 3.5I). This brought more confidence about picking geological markers which are linked to the converted in time g-ray (Fig.

3.5J).

Figure 3.5: Multigraph in time illustrating: (A) Velocity; (B) IMP=Acoustic Impedance; (C) RC=Reflection Coefficients; (D) Ricker wavelet; (E,G,H,I) Real traces from line 2012; (F) Synthetic trace; (J) SGR=Spectral Gamma Ray.

Field Work

Fieldwork in Cyprus was set to learn about the major sedimentary facies and to be able to understand better the offshore proposed facies based on seismic interpretation. Combined stratigraphic and structural observations have been conducted in order to constrain the geology of the island.

Fieldwork was mainly undertaken in the southern part of Cyprus focusing on the lithology and the contact between the Paleogene and Miocene formations in the Polis and Limassol basins (Fig. 3.6).

Two cross-sections intersecting the Polis Basin were constructed based on surface geology and onshore wells (chapter 6;Fig. 6.17). Six synthetic sedimentary logs were completed in the two areas of interest, whereby sampling was also achieved. Samples were used for dating in order to have a better time constraint regarding the continuity of stratigraphic contacts and the sedimentary facies extent (Fig. 

Figure 3.6: Simplified geological map of Cyprus showing the key areas of investigation (red dashed lines). Abbreviations as follows: AL=Akrotiri lineament; YFS=Yerasa Fault System; ATFS=Arakapas

Transform Fault; L.B=Limassol Basin; P.B=Polis Basin (modified from [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Sampling

We followed two approaches for sampling: (A) High resolution (0.5 m) in order to ensure the continuity of the contact between the Miocene Pakhna and the older formations; (B) Low resolution for petrographic analysis of the carbonate rocks in order to classify them and determine their depositional environment (Fig. 3.7).

Dating

The use of nannofossil by Ms. Maria Ciumellli from Petrostrat Company permitted the dating of the several studied rock units. The nannofossil slides were made according to the simple smear slide technique outlined by Bown and Young (1998). Nannofossil analyses involved counting all specimens within a standard traverse (= 60 fields of view at x1000 magnification) as well as scanning of the rest of the slide for rare species. Each of the samples is dated using only refined versions of the 'standard' published biostratigraphic zonation schemes. These include (a) standard nannofossil zonation schemes of [START_REF] Martini | Standard Tertiary and Quaternary calcareous nannoplankton zonation[END_REF] and (b) [START_REF] Sissingh | Biostratigraphy of Cretaceous calcareous nannoplankton[END_REF]1978).

Petrography

Petrography studies have been conducted in order to examine the microtextural features of the studied rock interval with higher resolution than that of the naked eye. For petrographic studies, thin sections were prepared and studied polarizing microscope at 1,250 magnification, following the Dunham's classification. 

CHAPTER 4 TECTONOSTRATIGRAPHIC EVOLUTION OF THE WESTERN MARGIN OF THE LEVANT BASIN -4-Tectonostratigraphic evolution of the western margin of the Levant Basin (offshore Cyprus)

This chapter consists of an article that is submitted to Marine and Petroleum Geology and is supported by some unpublished material (e.g., isopach maps, seismic facies summary, interpreted seismic lines).

Some of the article's content has been presented at the EGU conference in Vienna (April 2016) and the AAPG Europe Region conference that was held in Cyprus (January 2017).

Based on seismic interpretation, we documented the impact of regional geodynamics on the architecture and the sedimentary filling of the western part of the Levant Basin.The use of high-quality 2D seismic data and few existing shallow wells offshore Cyprus allowed distinguishing an isolated carbonate platform (Eratosthenes Seamount) from a mixed siliciclastic-carbonate system (Levant Basin). In addition, a new age model that is in line with the previously interpreted Levant and Egyptian margins is suggested. Furthermore, detailed seismic facies analysis allowed to introduce possible depositional environments for the western part of the Levant Basin and a 3D conceptual model is proposed. According to this model, the basin was affected by multi-directional sourcing which extends from the north to the south and the east. In contrast, located, far from inland sources the Eratosthenes Seamount was carbonate dominated.

Briefly, this chapter brings out the differences between a mixed siliciclastic-carbonate system and a 

Introduction

The Levant Basin is located in the easternmost part of the Mediterranean region, it is bounded to the west by the Eratosthenes Seamount, to the south by the Nile Delta, to the east, by the eastern Mediterranean coast, and to the north by the Cyprus Arc (Fig. 4.1). The basin is situated at the actual boundary of the African, Eurasian and Arabian plates and its evolution is linked to a succession of the major geodynamic events, including Mesozoic rifting and Cenozoic plate collision (Garfunkel, 2004;Gardosh et al., 2010;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. In recent decades, numerous breakthrough studies of the overall geology of the Levant Basin and its surroundings have been published (e.g. [START_REF] Dewey | Plate Tectonics and the Evolution of the Alpine System Plate Tectonics and the Evolution of the Alpine System[END_REF][START_REF] Sengor | Tethyan evolution of Turkey: A plate tectonic approach[END_REF]Le Pichon et al., 1988;[START_REF] Gvirtzman | The transformation of southern Israel from a swell to a basin: Stratigraphic and geodynamic implications for intracontinental tectonics[END_REF][START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF][START_REF] Segev | Synchronous magmatic cycles during the fragmentation of Gondwana: Radiometric ages from the Levant and other provinces[END_REF][START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF][START_REF] Schattner | Tectonic isolation of the Levant basin offshore Galilee-Lebanon -effects of the Dead Sea fault plate boundary on the Levant continental margin, eastern Mediterranean[END_REF][START_REF] Schattner | Transform margin of the northern Levant, eastern Mediterranean: From formation to reactivation[END_REF]Gardosh et al., 2006[START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF]Gardosh et al., ,2010;;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Welford | Crustal seismic velocity structure from Eratosthenes Seamount to Hecataeus Rise across the Cyprus Arc, eastern Mediterranean[END_REF]. Cretaceous/Miocene carbonate buildups (Bertello et al., 2016, e.g., Zohr;Fig. 4.1). The Levant is thus considered as a new, frontier hydrocarbon basin (Gardosh et al., 2006;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Esestime | Zohr -A newborn carbonate play in the Levantine Basin, East-Mediterranean[END_REF]. Revived interest in hydrocarbon exploration in the region since 2006 led to the acquisition of new seismic data offshore Cyprus and surroundings. This wealth of information and data has also sparked academic research. For instance, recently, [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] and Tassy et al., (2015a) proposed 3D geological models depicting the stratigraphic architecture of the eastern and the southern margins of the Levant Basin, respectively. On the neighboring Levant margin, the Jurassic carbonate platform is aggrading and retrograding whereas the Cretaceous platform appears to back-step above the Jurassic series. Resedimented gravity-flow deposits detached from the interior of the platform onlap the platform edges and slopes (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. On the Egyptian margin (Tassy et al., 2015a), during the Early Jurassic, mixed carbonate-siliciclastic sequences were prograding with distal thickening of the external platform. During the Late Jurassic, carbonate sequences were retrograding, with gentle slope profiles, paleo-valleys and embayments (Tassy et al., 2015a).

Since the Early Cretaceous, this margin shows aggrading and retrograding mixed carbonatesiliciclastic platform succession with abrupt NW-SE trending paleo-shelf-edges affected by large gravity slide scars and distally steepened segments. The structure of the platform edges has been shown to be strongly controlled by the inherited Tethyan transform faults (Tassy et al., 2015a).

The 

Regional geology

The Levant Basin, was formed during rifting episodes that occured from the Permian until the Middle Jurassic (Fig. 4.2A and B;[START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF][START_REF] Gvirtzman | The transformation of southern Israel from a swell to a basin: Stratigraphic and geodynamic implications for intracontinental tectonics[END_REF][START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF][START_REF] Segev | Synchronous magmatic cycles during the fragmentation of Gondwana: Radiometric ages from the Levant and other provinces[END_REF][START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF]Garfunkel, 2004;[START_REF] Schattner | Tectonic isolation of the Levant basin offshore Galilee-Lebanon -effects of the Dead Sea fault plate boundary on the Levant continental margin, eastern Mediterranean[END_REF]Gardosh et al., 2010). The consequences of this rifting were the separation of Gondwana and Eurasian plates, the thinning of the continental crust of the Levant Basin and the subsequent opening of the Tethys Ocean (Fig. 4.2A; Gardosh et al., 2010).

During the Early Jurassic, the last rifting phase triggered the detachment of the Tauride and the rifting of other small continental blocks from the Afro-Arabian continent [START_REF] Schattner | Transform margin of the northern Levant, eastern Mediterranean: From formation to reactivation[END_REF]Gardosh et al., 2010). One of these blocks is the Eratosthenes continental block (ECB) which is at least 150 km wide. The ECB has to be distinguished from a current feature of the sea floor, the Eratosthenes Seamount (ESM, Fig. 4.1;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] which it has been described as an NNE-SSW oriented edifice, with a relatively thinned continental crust, around 25 km thick [START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF]Gardosh et al., 2010). Marked magnetic anomalies in the southeastern part of the Eratosthenes Seamount may be associated with basic intrusions or extrusions (Fig. 4.1;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. These intrusions can be linked to pre-Cretaceous syn-rift magmatic activity, possibly like the Early Jurassic volcanic rocks found in northern Israel (Asher Fm) [START_REF] Emery | Bathymetry of the eastern Mediterranean Sea[END_REF][START_REF] Galindo-Zaldivar | Recent tectonics of Eratosthenes seamount: An example of seamount deformation during incipient continental collision[END_REF]Gardosh et al., 2006Gardosh et al., , 2010;;[START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] or Lower

Cretaceous intrusions [START_REF] Segev | Synchronous magmatic cycles during the fragmentation of Gondwana: Radiometric ages from the Levant and other provinces[END_REF].

Rifting was followed by substantial subsidence of the basin and the deposition of post-rift volcaniclastic sediments along the Levant margin, probably linked to a hotspot (i.e., Bhannes Garfunkel, 2004;Gardosh et al., 2010;[START_REF] Vrielynck | The Mesozoic palaeogeographic evolution of Anatolides[END_REF]Tassy et al., 2015a). During this period, the deep basin infilling was characterized by deep marine carbonates (Fig. 4.3;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF]Gardosh et al., 2010).

A [START_REF] Dercourt | Atlas Tethys palaeoenvironmental maps[END_REF][START_REF] Barrier | MEBE Atlas of the Paleotectonic maps of the Middle East[END_REF][START_REF] Vrielynck | The Mesozoic palaeogeographic evolution of Anatolides[END_REF].

In the Cenomanian (ca. 90 Ma), the African and Eurasian plates began to converge [START_REF] Müller | Fracture zones in the North Atlantic from combined Geosat and Seasat data[END_REF][START_REF] Robertson | Probing continental collision in the Mediterranean Sea[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]. The relative motion of the plates intensified during the Late Campanian (Fig. 4.2A) resulting in the initial closure of the Neotethys and the obduction of the ophiolites onto the Eurasian and Arabian plates which mark the initiation of the Cyprus Arc and the Latakia thrust zone (Fig. 3; Cyprus, Turkey, and Syria; Garfunkel, 2004;Netzeband et al., 2006a;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Moreover, the closure of the Neo-Tethys ocean at the onset of the Late Cretaceous has caused inversion, thrusting, and folding throughout the Levant region (e.g., Syrian Arc folds, Palmyrides fold, and thrust belt; [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF][START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF]Frizon de Lamotte et al., 2011;[START_REF] Ghalayini | Impact of Cenozoic strikeslip tectonics on the evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The presence of thrust faults offshore Lebanon could fit in this regional geodynamic framework whereby inversion, thrusting, and shortening was dominant (Fig. 4.3;[START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF][START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF][START_REF] Ghalayini | Impact of Cenozoic strikeslip tectonics on the evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

A shift in the maximum stress fields occurred during the Late Eocene-Oligocenefrom NW-SE to N-S -coinciding with the separation of the African and the Arabian plates and the initiation of the Dead Sea Transform Fault (Fig. 4.2E; [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF][START_REF] El-Motaal | Tectonic evolution of the intraplate s-shaped Syrian Arc fold-thrust belt of the Middle East region in the context of plate tectonics[END_REF][START_REF] Bosworth | Take Control of Your Blood pressure (TCYB) study: A multifactorial tailored behavioral and educational intervention for achieving blood pressure control[END_REF][START_REF] Nader | The petroleum prospectivity of Lebanon: An overview[END_REF]. At that time, the Levant margins were further [START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF][START_REF] Sagy | 80 m.y. of folding migration: New perspective on the Syrian Arc from Levant basin analysis[END_REF]. The strike-slip structures identified today in the eastern part of the offshore Cyprus Arc (referred as the Latakia Ridge) record this motion in Eastern Anatolia (Fig. 4.1;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF]Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

At the end of the Miocene (ca. 5.96 Ma), the connections between the Mediterranean Sea and the Atlantic Ocean became restricted [START_REF] Hsü | History of the Mediterranean salinity crisis[END_REF][START_REF] Hsü | Messinian Evaporites from the Mediterranean and Red Seas[END_REF]. The following period witnessed what is referred to as Messinian Salinity Crisis (MSC), which was characterized by the deposition of an average of 1.5 km of evaporites in the Levant Basin (Fig. 4.3;[START_REF] Scalera | A new interpretation of the Mediterranean arcs: Mantle wedge intrusion instead of subduction[END_REF][START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF][START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF].

The Messinian was followed by the re-establishment of the connections between the Mediterranean Sea and the Atlantic Ocean (Garcia Castellanos et al., 2009) and, the subsequent drowning of the Levant Basin (Gardosh et al., 2006;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. Hemipelagic deposition prevailed during the Early Pliocene. Also in the same period, the ECPs subducted beneath the Cyprus Arc (Fig. 4.2G; [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].

Significant deformation of the Pliocene sediments is observed in the Herodotus Basin, westwards of the Eratosthenes Seamount [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. To the south and east of Eratosthenes, siliciclastic turbidites were sourced from the Nile drainage system (Fig. 4.3;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Data and methods

The study area covers the western part of the Levant Basin, offshore Cyprus (Fig. 4.1). About 18,000 km of regional 2D (TWT) seismic reflection profiles, shot with the dual sensor GeoStreamer® technology, were gathered from the MC2D-CYP2006 and MC2D-CYP2008 surveys (acquired in 2006 and 2008). Both surveys used one 8,100 m long streamer with 9.216 seconds recording length (https://www.pgs.com/data-library/europe/mediterranean/).

The seismic interpretation was performed using the KINGDOM Suite software (SMT) based on seismic stratigraphy concepts proposed by old pioneer works (e.g., Mitchum et al., 1977a;b) and by more recent works (Belopolski and Droxler, 2004). Further analysis of the seismic facies within the selected seismic packages was performed using the lithofacies described in previous studies (Gardosh and Druckman, 2006;Gardosh et al., 2006;2008;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF][START_REF] Esestime | Zohr -A newborn carbonate play in the Levantine Basin, East-Mediterranean[END_REF]Bertello et al., 2016). Drilling results and published works on ODP Leg 160 documented the stratigraphic record of ECPs [START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]. The data gathered from the ODP well (site 967) provided additional age constraints and lithofacies of the seismic packages observed within the Eratosthenes Seamount (Figs. 4 to 11).

Well and seismic data, were correlated using the synthetic seismogram method [START_REF] White | Tutorial: good practice in well ties[END_REF]. The synthetic seismogram was generated using the velocities taken from the sonic log and the synthetic seismogram patterns in turn, were tied with respect to patterns observed on actual seismic data near well 967. Because the reflection patterns of the synthetic seismogram are associated with log responses at known depths in the well, the seismic signature can be determined for specific geologic events, such as unconformities [START_REF] Willingham | Correlation Procedures Between Well Logs and Seismic Reflection Data[END_REF]. In addition, based on the work of Klimke and Ehrdhart, (2014) time-to-depth conversion of key lines was possible (Fig. 4.4) and thus was possible to correct for the effect of velocity deformation (e.g., pull up effects; Fig. 4.5)

Seismic interpretation

Using a standard seismic stratigraphic approach, we defined the main stratigraphic surfaces (i.e., seismic unconformities) (Fig. 4. 4B, 4.5B, 4.6 and 4.7;Mitchum et al., 1977a;b).

Moreover, using the reflection properties of each of the seismic packages (amplitude, internal geometries, continuity and terminations), we identified several seismic facies that were interpreted in terms of possible depositional environments. The interpretation of 2D seismic data allowed us to describe four mega-sequences offshore Cyprus (i.e., M1-M4 megasequences). We distinguished the slopes and the transition from the Eratosthenes carbonate platforms (M4/ ECPs) to the deep basin (M1-M3; Fig. 4.4B and 4.5B). These four megasequences are defined by their large-scale reflection configurations, specific stratigraphic contacts with lower surfaces and with their upper bounding surfaces. In addition, the seismic interpretation was constrained by well data (e.g. from ODP wells ) and previous regional studies (Gardosh and Druckman, 2006;Gardosh et al., 2006;2008;[START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Tassy | Mesozoic carbonate-siliciclastic platform to basin systems of a South Tethyan margin (Egypt , East Mediterranean )[END_REF].

M1-M3

The M1-M3 mega-sequences are characterized by low amplitude continuous reflections interbedded by some chaotic configurations. From the 2D (TWT) seismic data, we identified eight seismic unconformities . We named "R1-R8" (Fig. 4.4B and 4.5B) encompassing eight seismic sequences (SP1 to SP8) that can be traced regionally (Fig. 4.4B, 4.5B, 4.8 and 4.9). Interpretation: Published interpreted data refer to the end of the rifting during the Middle Jurassic (Gardosh and Druckman, 2006;Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In the basin, R1 may mark to the transition from a shallow marine to a deep marine carbonate dominated section (Fa 1;Fig. 4.6A, 4.8 and 4.9;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Hence, it could be the equivalent of the "break unconformity" defined by Gardosh et al., (2006) and [START_REF] Lie | New Insights into the Levantine Basin[END_REF] 

SP1

Interpretation:

The Jurassic-Cretaceous transition is marked by a crucial sequence boundary [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF]. During this period, a sea-level lowstand and the equivalent emergence of the Afro-Arabian plate led to the erosion of large amounts of carbonate and clastic material and their subsequent deposition in the basin. Following the interpretation in the Levant margin, the SP2 seismic package corresponds to the Lower/Middle Cretaceous unit (Gardosh et al., 2006) and is referred to as SP2 in [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In the vicinity of the ECPs, the basin is characterized by high amplitude continuous reflectors (Fa 3; Fig. 4.6A) that probably correspond to carbonate turbidites interbedded with slope apron and mass transported deposits onlapping the paleo relief of SP1. Towards the slope, SP2 is represented by higher amplitude and lower-frequency hummocky reflections (Fa 4;Fig. 4.6A, 4.8 and 4.9;[START_REF] Roberts | Hyrdocarbon plays and prospectiviy of the Levantine Basin, offshore Lebanon and Syria from moderns seismic data[END_REF]. The wedge-shaped configuration of SP2 is interpreted as slope and gravity deposits of the carbonate talus (Fa 4) as described for other Tethyan platforms (Fig. 4.6A, 4.8 and 4.9; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). Unlike the Egyptian and Levant margins, which are epeiric platforms, the Eratosthenes isolated platform was not subjected to clastic inputs from the continent. Hence, Fa4 facies may correspond to resedimented carbonate breccias that were ripped from the ECPs and deposited at the toe of the slope [START_REF] Reijmer | Carbonate slopes and gravity deposits[END_REF]. Interpretation: Well data and seismic interpretation show that the R3 horizon is correlated with the top of the Middle Cretaceous interval (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The onlap surface (R3) at the base of the SP3 is referred to as a Senonian (top Turonian)

SP3

unconformity [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The so-called Senonian unconformity 'R3' in the Levant Basin corresponds to a period of starvation synchronous to the flooding of the Lower Cretaceous carbonate platforms that developed the Levant margins [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. During the Coniacian, a major drowning event occurred and the basin was covered by hemipelagic marls and chalks while the carbonate platforms on the margins were drowned (Fa 1; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The chaotic configurations may correspond to mass transport complexes (MTCs) that derived from the drowned carbonate platforms of the margins (Fa 2; Fig. 4.6 and 4.9). The Upper Cretaceous is overlain by Paleocene and Eocene sediments. 

Interpretation:

The lower boundary of this seismic package represents the Late Eocene -Early

Oligocene unconformity. This unconformity is known either as the "Eocene Unconformity" [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] or "BL3" [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] or top Avedat (Gardosh et al., 2006) in the Levant Basin. The same unconformity was defined by Klimke and Ehrhardt (2014), 7-8 km below the seabed and has been interpreted as the Late Eocene unconformity. The thickness of the interval above the Late Eocene -Early Oligocene unconformity remains relatively constant in all the profiles and has been reported to be 1.5 km [START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]Fig. 4.4B).

The low amplitude sub-parallel reflectors of the lower unit (SP4a) could correspond to mixed deep marine carbonates and fine siliciclastic sediments derived from the Afro-Arabian plate (Fig. 4.9;[START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Interbedded chaotic configurations (Fa 2)

were interpreted as MTCs, indicating erosion/gravity processes around ECPs borders. The vertical change in the sedimentary record can be linked with the initiation of the collision between the African and Eurasian plates that occurred during this period [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Dargahi | Petrogenesis of post-collisional A-type granitoids from the Urumieh-Dokhtar magmatic assemblage, Southwestern Kerman, Iran: Constraints on the Arabian-Eurasian continental collision[END_REF]. The seismic facies in the upper part of SP4 unit (SP4b), (Fa 5) have been interpreted as deep-water turbiditic lobes deposited in early lowstands (Fig. 5B and 6A; [START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

The turbiditic lobes (Fa 5) intercalated with moderate amplitude reflectors (Fa 1) could represent a change in the depositional environment from hemipelagic/pelagic sedimentation (Fa1) to a potentially more clastic rich unit provided from the margins (Fa 5). These sediments appear to onlap the R4 and the paleo-slopes of the ECPs, providing evidence for the continuous subsidence of the deep basin and underlying the Eocene-Oligocene unconformity (Fig. 4B, 5B, 8B and 9B; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Interpretation: The (R5) seismic boundary, which is referred to as "Base Miocene" unconformity in [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]as BL2 in Montadert et al., 2014, has been interpreted as a basin floor fan system spread over large distances [START_REF] Shaliv | Stages in the Tectonic and Volcanic History of the Neogene Basin in the Lower Galilee and the Valleys[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF]. We interpreted the high amplitude parallel reflectors (Fa 6) as deep-water clastic sediments (Fig.

SP5

4.6A

). In particular, this facies could correspond to the equivalent of the Tamar sand complex, which is reported to be the main gas-bearing reservoir in the Levant Basin ( an unconformity [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] identified onshore Lebanon and referred to as "Middle Miocene unconformity" in [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] and as the Top Bet Gurvin in (Gardosh et al., 2006;2008). The initiation of the Levant Fracture System during the middle Miocene intensified the marginal uplift and the subsidence of the basin. This period was also characterized by prolonged lowstand, and the Levant Basin was filled with deep marine sediments (Fa 1) as well as clastic turbidites (Fa 5) derived from the Egyptian and the Levant margins (Fig. 4.8 and 4.9; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. On the eastern part of Eratosthenes Seamount, the chaotic facies are interpreted as thickening of MTCs (Fa 2; Fig. 4.6A, 4.8B and 4.9). Fold and thrust systems (Fig. 4.6C) are interpreted as gravity-driven contractional structures that are generally described in MTC sequences [START_REF] Lee | Laterally contiguous, concave-up basal shear surfaces of submarine landslide deposits ( Miocene ), southern Cyprus : differential movement of subblocks within a single submarine landslide lobe[END_REF]Aslop et al., 2016). These MTCs could either have originated from the erosion of the deformed ECPs or the uplifted Cyprus Arc carbonate series deposited to the north during a major tectonic event. Similar events have been described onshore Cyprus [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Lee | Laterally contiguous, concave-up basal shear surfaces of submarine landslide deposits ( Miocene ), southern Cyprus : differential movement of subblocks within a single submarine landslide lobe[END_REF][START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF]. These tectonic events probably mark the climax of the collision between ECPs and the Cyprus Arc. Lofi et al., 2011a;[START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF].

Interpretation:

The lower boundary of the Messinian unit is a high amplitude continuous reflector that records the onset of evaporitic sedimentation associated with a drop in sea level during the late Miocene [START_REF] Clauzon | Alternate interpretation of the Messinian salinity crisis: Controversy resolved?[END_REF]. The deposition of an up to 1.6 km thick layer of Messinian evaporites might have been overestimated due to salt tectonics (Netzeband et al., 2006b). The change of seismic facies in the different units (A-E in Fig. 4.6B) show that deposition of evaporites occurred in a non-desiccated deep basin affected by regional climatic changes (Netzeband et al., 2006b;[START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. The first unit (A) represents the early stages of the MSC with presumably high detrital content clastic incursions within a hypersaline depositional environment. The transparent subunits (B and D transparent units; [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF] indicate the presence of halite (Fig. 4.6A, 4.8 and 4.9; Mobile Unit in Lofi et al., 2011a).

The high amplitude continuous horizons of unit (C) are thought to be linked to the presence of clastics that could mark the peak of environmental changes and the maximum continental river discharge reaching the deep Mediterranean (Fig. 4.8 and 4.9; [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. Internal deformation of the transparent unit suggests the halite was mobile (Netzeband et al., 2006b;Bertoni and Cartwright, 2007). In the Levant Basin, the mobile units (B and D) display a deformation pattern including thrust faults in the vicinity of the ECPs (see M2 in Fig. 4.5B and 7A). The fault planes with dips up to 10-14° (Netzeband et al., 2006b;[START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF] are probably inherited from sedimentary discontinuities in the halite [START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF]. The interface between A and B referred to as "top ME 1" in [START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF], is probably a major decollement surface (Fig. 4.6B). The uppermost part of the M2 mega-sequence (E) is interpreted as intercalated by anhydrite with clastics and could mark the transition from the evaporitic sequence to deep marine sediments (Fig. 4.8 and 4.9; [START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF][START_REF] Dümmong | Seismic Atlas of the "Messinian Salinity Crisis" Markers in the Mediterranean and Black Seas[END_REF][START_REF] Gvirtzman | Intense salt deformation in the Levant Basin in the middle of the Messinian Salinity Crisis[END_REF][START_REF] Welford | Crustal seismic velocity structure from Eratosthenes Seamount to Hecataeus Rise across the Cyprus Arc, eastern Mediterranean[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF].

The lateral variation of M2 mega sequence facies is explained by active tectonic and uplift of the Levantine margin during the MSC [START_REF] Feng | Lithology and characteristics of the Messinian evaporite sequence of the deep Levant Basin, eastern Mediterranean[END_REF], clastic influx in front of big rivers [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF] and gravity spreading of the Nile delta [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]. 

M3

4.6B

). On the northern and southern slopes of the Eratosthenes Seamount (M3 in Fig. 4.5B and 4.7B) the Plio-Quaternary unit is composed of reflectors that diverge slightly due to the salt tectonic wedges [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF][START_REF] Welford | Crustal seismic velocity structure from Eratosthenes Seamount to Hecataeus Rise across the Cyprus Arc, eastern Mediterranean[END_REF]Fig. 4.7B).

Interpretation: During the Plio-Quaternary, in the deep basin around Eratosthenes, the Messinian salt was progressively covered by large deep-sea fans [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In most areas, the chaotic facies at the base of Plio-Quaternary unit (Fa 8) have been interpreted as reworked evaporites [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF] or clastic mounds (Fa 8; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. ODP wells at site 967 penetrated the SP8 and confirmed that these sediments are hemipelagic (facies Fa1) of Pliocene age with some muddy turbidites in the upper part of the section. Buried channel-levee systems are numerous (Fa 9; Fig. 4.6B) in the eastern part of Eratosthenes. To the north of Eratosthenes, the Pliocene-Quaternary is characterized by numerous lobes (Fa 5, Fig. 7C). Some acoustically transparent lenses or chaotic facies are also observed, suggesting that the slope instability and slumping processes (Fa 2; Fig. 4.6B) occurred during the growth of the Nile deep-sea fan [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]. However, no significant seismic reflector can be easily defined or tracked across large distances within the Pliocene-Quaternary unit, making regional seismic correlation difficult. The presence of channels on the bathymetric map suggests that a small basin on the northern slope of Eratosthenes Seamount is filled with These structures are partly due to the gravitational spreading of the Nile delta [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF] and the whole Pliocene-quaternary cover is sliding northward to the deeper Levant basin with thickening on contact with ECPs. A considerable difference in the thickness of the Plio-Quaternary between the east (about 500 m) and the west (as much as 2km) of Eratosthenes (Fig. 4.4) is due to the salt tectonic control of the accommodation space.

M4

By following geometrical and geophysical observations, (e.g. positive antecedent topography, significant thickening, high-angle slope, onlap of overburden sediments, retrogradational, aggradational and progradational stacking patterns, and the occurrence of erosion), we identified three main Mesozoic carbonate platforms as well as several Neogene buildups (Fig. 4. 7, 4.8, 4.9;Bubb andHatfield 1977, Belopolsky and[START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Burgess | Methods for identification of isolated carbonate buildups from seismic reflection data[END_REF][START_REF] Paumard | Evolution of Late Oligocene -Early Miocene attached and isolated carbonate platforms in a volcanic ridge context (Maldives type), Yadana field, offshore Myanmar[END_REF]. We compared this interpretation with previously published works (Montadert et al., 2014, Klimke andEhrdhard, 2014) and presented a regional overview as well as the overall architecture of these isolated carbonate platforms. In particular, we traced six Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF]. The ER1 continues along the Levant Basin and converges with R1, marking the initiation of the post-rift phase in the basin (Fig. 4.4B, 4.5B and 4.7). [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] described some carbonate built-ups within the ESP1 seismic package that could correspond to our Fa 11 facies [START_REF] Papadimitriou | Seamount: The evolution of an isolated carbonate platform at a major plate boundary (offshore Cyprus)[END_REF].

Therefore, the mound shape non-continuous reflections on the platform edge enclosed with more continuous, flat, potentially high-amplitude reflections are important diagnostic criteria for carbonate platforms compared with other positive relief features such as volcanoes and tilted fault blocks [START_REF] Burgess | Methods for identification of isolated carbonate buildups from seismic reflection data[END_REF]. These facies (Fa 11) may correspond to outer shelf edge deposits, whereas the Fa 12 may correspond to an inner shelf or lagoon deposits. The 

Interpretation:

The ER2 is referred to as ER-E in [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] and delineates a sequence composed of high amplitude, low-frequency internal reflections that become progressively thinner on the eastern and the southern flanks, which could illustrate a back step towards the center of ECB and the progradation of this unit (Fig. 4.5B and 4.7B). The Late Jurassic is marked by a long-term transgressive trend [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF]. This event is recorded by aggrading carbonate platforms onshore Israel (i.e., Nir Am and Be'er Sheva formations; Fig. ). Hence, this suggests that the sequence is composed of inner platform and shoal deposits (i.e., oolites) as described on the Egyptian and Levant margins (Fa 12; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). The Jurassic-Cretaceous boundary records a significant drop in sea-level and is marked by a regional unconformity also observed onshore Lebanon and Egypt (i.e., Kimmeridgian; [START_REF] Hirsch | the Jurassic Facies in the Levant[END_REF]Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). The ER3 was interpreted as an erosional surface and/or karstified surface. By comparing our seismic interpretation with the work of [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] and Tassy et al., (2015a), we assume that this erosional surface (ER3; Figs.

4B, 5B, 7A, 7B, 8 and 9) defines the Late Jurassic unconformity. However, it should also be noted that the transition from Late Jurassic to Early Cretaceous is marked by intense volcanism in the coastal ranges of Lebanon and Syria [START_REF] Homberg | Tectonic evolution of the central Levant domain (Lebanon) since Mesozoic time, in Evolution of the Levant Margin and Western Arabia Platform Since the Mesozoic[END_REF][START_REF] Malpas | Early Cretaceous volcanism of the Coastal Ranges, NW Syria: Magma genesis and regional dynamics[END_REF].

Similarly, volcanoclastics could be deposited on top of the Late Jurassic carbonate platform at the Eratosthenes Seamount (Fa 12B;Fig 7A). This interpretation might also partly explain the high magnetic anomalies found on the south-eastern edge of the ECB [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].

Both hypotheses are possible. For a more accurate interpretation, the two hypothesis should be further examined in a Gravi-Magnetic model. The ER3 horizon delimits the ESP2 from the ESP3 (in green in Fig. 4.4B, 4.5B and 4.7B). In conclusion, ER3 is a regional boundary with a high degree of incision and truncation and converges with the ER2 horizon towards the and the lithological character (i.e., fill up and spill out phase) on the Eratosthenes Seamount may be the high carbonate production that accompanied the Cenomanian transgressive event [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF][START_REF] Haq | Cretaceous eustasy revisited[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF]. The deepest hole on the northern slope of the seamount drilled during the ODP penetrated approximately 600 meters (Emeis et al., 1996c).

The seismic interpretation we propose is in agreement with the ODP results that recorded the transition from shallow to deep pelagic carbonates above the ER 5 (Fa 1; Fig. 4.11B; Robertson, 1998a). A detailed biostratigraphy analysis by [START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF] showed that the ESP5 unit is composed of Late Cretaceous to Paleogene sediments. These authors documented all the planktonic foraminifera within the pelagic units from sites 966 and 967 by analyzing carbonate and oxygen isotopes (Fig. 4.10 B). We compared the biostratigraphic analysis of the ODP wells with the bulk-oxygen isotopic data from the Contessa section (Fig. 10B and 10C;

Haq, 2014). The two charts in Fig. 4.10B and 4.10C show similar average trends (Papadimitriou et al., 2016). This analysis confirms that the ER5 is equivalent of the ER-C horizon traced by [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF] and is about the same age as the seismic reflector R3 observed in the Levant Basin (i.e., the Senonian unconformity; Fig. 4.11). Following the interpretation of [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] we assumed that the ER5 marks a major drowning event that occurred during the Turonian and affected the whole Levant margin with the drastic deepening of sedimentary facies. In particular, this event was responsible for the drowning of the Turonian rudist carbonate platforms identified onshore Lebanon [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Robertson, 1998c;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Pinnacle morphologies can be identified in the south-eastern edge and on the flat top of the Eratosthenes carbonate platform (Bertello et al., 2016;Fig. 4.7A and 4.11A). However, the recent discovery of biogenic gas (Zohr field discovery, Bertello et al., 2016) shows that the extension of Tertiary buildups southern of ECPs must be limited. 

Discussion

Tectonostratigraphic evolution of the western Levant Basin and its isolated platforms since the Jurassic

The interpretation of the 2D seismic reflection data is constrained by the results of previous studies on the nearby eastern and the southern areas of the Levant Basin (i.e., in Lebanon, [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF];

in Syria, [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF]; in Israel, (Gardosh et al., 2006); in Egypt, (Tassy et al., 2015a;b). The present work enables us to provide an updated onshore-offshore chronostratigraphic chart of the Eastern Mediterranean (Fig. 4.12). The regional 2D seismic profiles show a lateral change in the reflection pattern from the ECPs to the deep basin. These series comprise the entire sedimentary rock section that accumulated and has been preserved in the Eastern Mediterranean since the Late Triassic (Fig. 4.12). This study made it possible to link the different seismic units identified in the Levant Basin (SP1 to SP8) as well as in the vicinity of the Eratosthenes Seamount (ESP1 to ESP6) to the interplay between eustasy, subsidence, siliciclastic flux and/or carbonate production [START_REF] Schlager | Bahamas carbonate platforms -The deep and the past[END_REF][START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF][START_REF] Paumard | Evolution of Late Oligocene -Early Miocene attached and isolated carbonate platforms in a volcanic ridge context (Maldives type), Yadana field, offshore Myanmar[END_REF]. A 3D conceptual model is proposed to illustrate how the western part of the Levant Basin formed and evolved through compression tectonics (Fig. 4.13).

The post-rift phase (Jurassic-Cretaceous)

The post-rift phase was accompanied by significant subsidence in the basin [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The Levant Basin was dominated by deep marine carbonate sediments while the margins were built on an epicontinental shelf from the end of the Bathonian until the Kimmeridgian (Fig. 4.12; Gardosh and Druckman, 2006;Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). In particular, [START_REF] Collin | Middle and Upper Jurassic stratigraphy and sedimentary evolution of Lebanon (Levantine margin): palaeoenvironmental and geodynamic implications[END_REF] proposed that during this period, a shallow marine setting and stable platform morphology (i.e., the Kesrouane formation; Fig. 4.9A and 4.12) prevailed across Lebanon. Tassy et al., (2015a) inferred a retrograding and aggrading carbonate platform (i.e., the Massajid formation) on the Egyptian margin (Fig. 4.9A and 4.12). Our interpretation reveals that an isolated platform developed on top of the ECB after the beginning of the post-rift phase (Fig. 4.9A, 4.12 and 4.13A). Isolated platforms such as the Rosetta highs (Tassy et al., 2015a) and the Jonah High (Gardosh et al., 2006;[START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF] and attached platforms have been described in the Levant area, (i.e., the Levant margin; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] and their distribution is evidence for strong control by the syn-rift structures [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF].

The Jurassic -Cretaceous boundary is marked by a regional unconformity (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). On the Egyptian margin, this major unconformity represents a stratigraphic gap spanning 10 to 15 My. (Fig. 4.12; Tassy et al., 2015a) while onshore Lebanon, the boundary is recorded by the absence of the Berriasian rocks (Fig. 12). In the Eratosthenes Seamount province, we interpreted an erosional surface on top of the Late Jurassic carbonate sequence that we expect to be similar to the unconformity observed on the other margins (Fig. 4.12).

During the Early Cretaceous, (i.e., Valanginian) a change in the depositional environment occurred in the Levant Basin (Fig. 4.12;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In particular, a very early pronounced Cretaceous regional uplift resulted in the intensive erosion of previous highs and the subsequent deposition of carbonate and siliciclastic material in the basin (Fig. 4.12). One of related sediment transportation pathways is considered to be the submarine Gevar'am Canyon, which reaches a width of 30 km [START_REF] Cohen | Early Cretaceous Buried Canyon: Influence on Accumulation of Hydrocarbons in Helez Oil Field,' Israel[END_REF]Gardosh et al., 2006). Gevar'am turbidites could have reached the western part of the Levant but not the slopes of ECPs. Therefore, part of SP2 may be composed of mixed siliciclastic and carbonate deposits. Nevertheless, we propose that the slope and the province near the slopes ECPs were carbonate dominated.

During the Aptian, a rise in sea level caused the gradual encroachment of the sea onto the shelf. The sea-level rise is recorded by the oolitic rich Telamim/ Ein Al Assad carbonate platform in Israel (Gardosh et al., 2006) and the formation of massive limestone made of rudist cliffs onshore Lebanon (Fig. 4.3; Abieh and Mdairej Fm; [START_REF] Walley | Some outstanding issues in the geology of Lebanon and their importance in the tectonic evolution of the Levantine region[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. On the ECPs, the seismic interpretation shows that carbonate build-ups (ESP3 on seismic lines) continued to grow until the Middle Cretaceous (ER 4 on the seismic lines, Fig. 4.4B, 4.6B and 4.13B). The most recent discovery of gas (Zohr field) on the southwestern edge of Eratosthenes confirms that, like the eastern margin, the Eratosthenes carbonate platform may also be composed of rudists (Bertello et al., 2016). Robertson, 1995;[START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a).

Flooding of the Cretaceous Isolate platform

The Cenomanian period is characterized by a regional flooding event [START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The inclined south-north geometries that we recognized in the ESP4 delineate prograding shelf edges (fill-up spill out geometries; Lebanon (Robertson, 1998;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. During the following period, the margins and the basin were filled with chalky and marly limestones (Fig. 4.8, 4.9, 4.12 and 4.13D).

Starting in the Turonian and continuing into the Paleogene, pelagic carbonate sedimentation prevailed both onshore Cyprus and on the Eratosthenes Seamount (Fig. 3 (Robertson, 1998).

Late inversion of the Levant Basin (Restarting of the Miocene carbonate factory)

On the flat top of the Eratosthenes Seamount, the late Oligocene to early Miocene interval is marked by a hiatus (Fig. 4.12; Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Major | Evolution of Paleoenvironments of Eratosthenes Seamount Based on Downhole Logging Integrated With Carbonate Petrology and Reflection Profiles[END_REF]Robertson, 1998b). This hiatus corresponds to a surface that separates the deep marine limestone and the first shallow marine Miocene units recovered from the ODP wells (Fig. 4.3,4.12,4.13D and 4.14). The Late Oligocene hiatus may be equivalent to the Oligo-Miocene unconformity observed onshore Lebanon [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

This angular unconformity may be associated with the interaction between the eustatic sea level fall [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF] and the widespread marginal uplift along the Gulf of Suez and in the Red Sea domain (ca. 34 Ma; [START_REF] Omar | Fission track evidence on the initial rifting of the Red Sea: Two pulses, no propagation[END_REF]. Whereas Cyprus and the Eratosthenes were both dominated by carbonate sedimentation during the Oligocene, the Levant Basin was infilled with mixed siliciclastic and carbonate sediments (Fig. 4.13D).

The clastic material derived from older carbonate and sandstone sequences and was transported into the basin through the Nile Delta drainage system to the south [START_REF] Steinberg | Origin and nature of the rapid late Tertiary filling of the Levant Basin[END_REF] and/or the Afiq and Ashdod canyons and the Qishon valley to the east (e.g. [START_REF] Shaliv | Stages in the Tectonic and Volcanic History of the Neogene Basin in the Lower Galilee and the Valleys[END_REF][START_REF] Gardosh | The Oligo-Miocene deepwater system of the Levant Basin The Oligo-Miocene deepwater system of the Levant Basin[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF]. This material is represented by the high-amplitude continuous seismic reflectors that we interpreted as distal basin floor fan deposits (SP4; Fig. 4.6A, 4.8 and 4.9).

The continuous collision of the African and Eurasian plates during this period resulted in the propagation of thrust belts. Hence, several Neogene basins were formed onshore Cyprus, dominated by hemiplegic sedimentation [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF]. The early Miocene was also characterized by a global lowstand [START_REF] Torelli | Cretaceous to Neogene structural evolution of the Lampedusa Shelf (Pelagian Sea, Central Mediterranean)[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The ecological changes in the Mediterranean caused reefs to grow along the margins [START_REF] Torelli | Cretaceous to Neogene structural evolution of the Lampedusa Shelf (Pelagian Sea, Central Mediterranean)[END_REF]Fig. 4.13D). Robertson, (1998b) proposed that during the Early Miocene, the ECPs uplifted (1 km) allowing colonization by Miocene reefs (pinnacle geometries) that were also identified and confirmed by our interpretation (Fig. 4.7A). The uplift was possibly caused by regional compression during the collision of the African and Eurasian plates. It is worth noting that similar patterns of patch-reef distribution have been recorded in south-eastern Cyprus during the Miocene (Fig. 4.3; Terra and Koronia members; [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]1996).

Around the middle Miocene, the beginning of the Levant Fracture System triggered the uplift of the Levant margins and intensified the subsidence of the Levant Basin (Fig. 4.13D; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

As a consequence, turbidites and calciturbidites were deposited in the basin (Fig. 4.13D;[START_REF] Boudagher-Fadel | Stratigraphy, paleoenvironment, and paleogeography of Maritime Lebanon: A key to Eastern Mediterranean Cenozoic history[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Moreover, we identified a thick MTCs unit that derived either from ECPs or the northern part of the basin (Fig. 4.6C). These thick, basin-wide MTCs (0.6s-0.8 s) record the catastrophic emplacement of slid masses that are probably linked to a major tectonic event. Onshore studies in southern Cyprus have confirmed the presence of late Miocene MTCs (i.e., late Tortonian; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Lee | Laterally contiguous, concave-up basal shear surfaces of submarine landslide deposits ( Miocene ), southern Cyprus : differential movement of subblocks within a single submarine landslide lobe[END_REF][START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF] that flowed along a relatively gentle slope in a highly seismogenic area. It is thus possible that both offshore and onshore MTCs are related to the same seismic event that may have occurred due to the collision between Eratosthenes and Cyprus.

The effects of the deformation of ECPs during the Miocene collision and the MSC: tilting and erosion of ECPs

The ODP data confirm that the top of ECPs (top of the ECPs antiform) was near the sea level just before the MSC [START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF][START_REF] Kempler | Eratosthenes Seamount: The Possible Spearhead of Incipient Continental Collision in the Eastern Mediterranean[END_REF]. In figure 14C This was confirmed by the Zohr discovery on the southern edge of Eratosthenes (Bertello et al., 2016).

An alternative scenario predicts that if the actual buttress (localized up to the present-day salt front, and partly under thrust, Fig. 4.14B and 4.14C) corresponds to a Miocene reef (location above the ER6 reflector), then the tilt of the southern part of ECPS may have accelerated in the Late Miocene (Tortonian) but this scenario seems more complicated and is improbable. Finally, a third hypothesis for the age of this carbonate buttress could be late Messinian. Carbonate platforms could have developed during the first phase of slow sea level rise at 5.45 Ma (Fig. 4.14C; [START_REF] Bache | A two-step process for the reflooding of the Mediterranean Basin after the Messinian Salinity Crisis[END_REF] between the two paleo Messinian sea levels in Fig. 4.14C.

Conclusions

Based on a review of previous works, and on the interpretation of 2D seismic reflection data from offshore Cyprus, we advanced our understanding of the tectonostratigraphic evolution of the western part of the Levant Basin. The most important results pertaining to the sedimentary infill and marginto-basin stratigraphic architecture of the Levant Basin area are as follows:

• Isolated Mesozoic carbonate platforms dominated the western margin of the Levant Basin. The accumulation of carbonates was associated with differential subsidence between continental blocks and the surrounding basin that began in the Middle Jurassic.

• • The proximity of the Nile deep-sea fan, as well as the major influx of siliciclastics into the basin during the Miocene, influenced the depositional environments and the actual geomorphology of the seamount, and vice versa. The edges of the ECPs acted as a passive buttress that reoriented the direction of the Messinian salt.

II. Supporting material

The link between the seismic interpretation conducted in the basin with the interpretation carried out for the Eratosthenes Seamount has been proven difficult, due to the spatial grid of the available seismic data.Thus ten interpreted seismic lines (five in this section and three in Appendix) are presented as support material for the published article. Some of these lines are color-coded and represent the expected depositional environment which can be validated by future drilling wells.

A summary of the fourteen seismic facies that are discussed earlier in this chapter is also presented (Table 4.1). The following Table 4.2 summarizes all the information that describes each of the seismic packages in terms seismic configuration as well as the stratal terminations of the upper and the lower boundary in the Levant Basin. The characteristics of the seismic packages identified on Eratosthenes carbonate platform are shown in Table 4.3.

Isopach maps that are constructed from the seismic interpretation using the goCad software are discussed. These maps can be used as entry data for forward stratigraphic modeling, in order to test different sequence stratigraphic conceptual models and to understand the stratigraphic architecture and the spatial distribution of sedimentary facies distribution in the western part of Levant Basin. 

Isopach maps

Based on the seismic interpretation, two-way-time maps of the key seismic boundaries that are discussed above were generated. These maps were later depth converted, by multiplying the time with the interval velocity grids (Fig. 4.20). The validity of the time-to-depth conversion relies on the quality of the velocity data which are usually extracted from check-shot surveys measured in wells. The well data in the study area are limited. Hence, two sources of velocity information: (a) stacking velocities that were extracted from the time processing of selected, regional lines; and (b) horizon velocity analysis performed during the process of Pre-Stack Depth Migration of 24 seismic lines.

The isopach maps present the overall thicknesses for each of the interpreted seismic packages (SP).

Consequently, the growth of carbonate buildups in the vicinity of the Eratosthenes Seamount and the source of siliciclastic sediments within the Levant Basin could be inferred

The Late Jurassic isopach map portrays a thick unit at the vicinity of Eratosthenes Seamount exceeding 2.5 km. This unit becomes thin basinwards (i.e., eastwards) where the sediments appear to be evenly distributed (Fig. 4.20A). The overlying unit (SP2) is thicker and reaches about 1.5 km. At the Eratosthenes Seamount, the sedimentation (i.e., carbonate production) continues to be high and the

Early Cretaceous sequence accounts approximately 2 km of shallow carbonates (Fig. 4.20B).

During the Late Cretaceous and the Paleogene period, the depocenter was located to the northeast, along with the Latakia Ridge (Fig. 4.20C). The highest thickness of the rock unit close to the Latakia Ridge exceeds 2 km. Southwards the thickness of the sediments is gradually reduced from about 1km to 0.5 km. In the vicinity of Eratosthenes, the sedimentation rate appears to be very low and the thickness of this Late Cretaceous-Eocene Interval is not higher than the 100 m.

The Oligocene (SP4) isopach map shows a similar trend with the older succession and the depocenter is still located to the north of the basin along the Latakia Ridge. In this unit, the thickness to the south appears to be higher compared to the previous unit (i.e. 

CHAPTER 5 TECTONOSTRATIGRAPHY OF AN ISOLATED CARBONATE PLATFORM -5-Tectonostratigraphy of an isolated carbonate platform

This chapter consists of two parts. The first is a brief review of the carbonate platforms discussing the main types of carbonate platforms, the geometries of carbonate platforms and the controlling factors of the tropical carbonate factory. The second part will include a submitted article to Terra Nova journal which discusses the onset and the demise of the Eratosthenes Isolated Carbonate Platform.

Chapter 4 was focused on characterizing the Eratosthenes carbonate platform and the adjacent mixed carbonate-siliciclastic basin with respect to the main geodynamic events. This chapter aims to investigate the role of the substratum in the evolution of the Eratosthenes carbonate platform.

Subsequently, a conceptual model for the geological evolution of the vicinity of the Eratosthenes is proposed.

Based on Geophysical (magnetics) and reflection data (2D -TWT), it has been proven that the Jurassic and the Cretaceous carbonate platforms are built on top of a continental fragment inherited from the rifting. Therefore, the location of the basement high is controlled by transform zones which are evidenced by alternating high and low magnetic anomalies. Furthermore, with a detailed interpretation of the facies distribution lateral changes (based on other ancient analogs), the tectonostratigraphy, the sedimentary architecture and morphologies of successive shelf edges (from the Jurassic to the Pliocene) of the Eratosthenes carbonate platform are described and discussed.

Finally, the different controlling factors related to the drowning of carbonate platforms and thus the demise of carbonate factories will be discussed. The Mesozoic and Cenozoic carbonate buildups in the vicinity of Eratosthenes Seamount are adjacent active plate boundary and far from the siliciclastic influence and would be excellent examples to study the impact of tectonics and/or the changes in paleoenvironmental conditions on the growth and subsequent drowning of carbonate platforms.

I. Introduction on carbonate platforms

Types of Carbonate Platforms

Several schemes have been proposed to classify the carbonate platforms according to the physiological and morphological characteristics. Therefore, the carbonate platforms are generally associated with three basic morphological profiles:

A rimmed shelf is a carbonate platform, which is marked by a pronounced relief between the slope and its inner part (Fig. 5.1). This relief is usually located at the shelf-break and is composed of reefs, and carbonate sand bodies. With this morphology, the shelf-break is a high-energy zone affected by waves (swell) and possibly tidal currents. These conditions favor carbonate productivity and thus this zone is expected to be relatively thicker. Behind the rim, there is a shelf lagoon which ideally will be characterized by low energy systems since the reefs and sand shoals of the margin act as a barrier.

Towards the continent, an ideal rimmed platform will be dominated by tidal flat deposits [START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF][START_REF] Handford | Carbonate Depositional sequences and systems tract -Responses of Carbonate Platforms to relative sea-level changes,' Carbonate sequence stratigraphy[END_REF].

A carbonate ramp is characterized by a gentle slope (generally less than 1°) from which nearshore resedimented material is transported into the deep basin (Fig. 5. 1;[START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF][START_REF] Handford | Carbonate Depositional sequences and systems tract -Responses of Carbonate Platforms to relative sea-level changes,' Carbonate sequence stratigraphy[END_REF]. The development of mud mounds and pinnacle reefs might be possible, though no barrier reefs or rim structures exist [START_REF] Read | Carbonate platforms of passive (extensional) continental margins: Types, characteristics and evolution[END_REF]. In general, there are two types of carbonate ramps.

The first refers to homoclinal ramps where slopes are relatively uniform (Fig. 5.1). The second type consists of distally steepened ramps which are marked by a gradually steepened slope. The distally steepened ramps are characterized by slumps, debris flow deposits, or turbidites in the deeper-water ramp facies (Fig. 5. 1;[START_REF] Read | Carbonate platforms of passive (extensional) continental margins: Types, characteristics and evolution[END_REF][START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF].

Flat-top platforms are characterized by a sharp break in slope along their seaward margins. [START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF] divided this type into two categories: (a) the Epeiric platforms and (b) the isolated platforms (Fig. 5.1). The epeiric platforms are referred to as very extensive (1000 -10,000 km) quite flat areas under a shallow marine environment. The margins of epeiric platforms vary and could be either ramp-gentle (ramp-like) or steep (rimmed shelf). Such margins are generally composed of reefs and bioclastic shoals. Moreover, a typical epeiric platform is dominated by shallow subtidal-intertidal, low-energy facies. In this category, fall these shallow-water platforms with steep margins, which are surrounded by deep basins. Usually, the margin of the isolated platform is rim-like while the platform's interior is under quiet waters and covered with sandy mud and possible sandy islands. Generally, an isolated carbonate platform is characterized by thick margins and a deep lagoon in the center. Such morphology is characterized as an atoll despite the fact that the term "atoll" refers to buildups that form on top of subsiding volcanoes [START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF]. Eratosthenes Seamount may be considered as an isolated platform. [START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF] and [START_REF] Handford | Carbonate Depositional sequences and systems tract -Responses of Carbonate Platforms to relative sea-level changes,' Carbonate sequence stratigraphy[END_REF] as it is summarized in [START_REF] Pomar | Types of carbonate platforms: A genetic approach[END_REF].

Figure 5.1: Scheme illustrating the different types of carbonate platforms according to

A genetic approach for classification of carbonate platforms

The morphological classification scheme was first proposed by Wilson, (1975). For the last two decades, researchers focused on the controlling factors of carbonate platform developments (i.e., the sea-level change, oceanographic factors and climate). [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF] advocates for a new classification scheme that would result in a better understanding of carbonate platforms and prediction of their stratigraphy. Accordingly, carbonate platforms are located at high or low latitudes under shallow marine setting in regions where the siliciclastic or volcaniclastic sediment supply is considered to be low; they can be characterized by eight different types developed in different tectonic and basinal settings [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF]. Such classification scheme is considered to be genetic and is based on the controlling factors that reduce the siliciclastic and volcanoclastic supplies. Very thick platforms on passive margins, similar to the western, eastern and southern Australian shelf, are referred as Subsiding Margin platforms. These platforms mainly developed during the Cenozoic period and can be found in both cool and warm water climatic settings. Furthermore, they are mostly controlled by the eustatic and/or regional eustatic sea fall (Fig. 5.2C).

Offshore Bank or Unattached platforms are also located in a passive margin setting, but they develop on top of an earlier Fault-Block. Similar to the Subsiding Margin platforms, they are marked by progradational sequences, which indicate low subsidence rates. They can be 20 km wide and several 100-m thick reef-rimmed platform with a wedge-shaped geometry that is fundamentally controlled by the interaction of high-frequency sea-level changes, background subsidence, and shallow-water protozoan carbonate production (Fig. 5.2D; [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF].

Thick aggradational carbonate platforms that develop over thermally subsiding oceanic volcanoes (atolls) are known as Volcanic Pedestal platforms. Deep basins surround them, whereas their margins appear to be steep and marked by slumps and redeposited carbonates. The platform interior is characterized by sub-horizontal sequence boundaries, which likely reflect eustatic sea-level falls [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF]Fig. 5.2E).

Thrust-top platforms are a characteristic feature of a compressional setting and are usually represented as bathymetric highs on top of thrust sheets. They are ribbon-like structures with limited thickness and found in the fore-arc setting (Fig. 5.2F). Typical examples of this type of platforms are the Terra and Koronia members which are found onshore Cyprus and will be described in chapter 6 [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF].

Delta-Top platforms develop at the toe of deltas where shallow marine conditions are present (Fig.

5.2G

). Depending on the climate, these platforms show different lithostratigraphic characteristics. For instance, in arid areas (the Red Sea) with a coarse clastic supply, carbonates and clastics can coexist while humid areas (e.g., Southeast Asia), clastic supply is continuous and only specific carbonateproducing communities can grow [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF].

Foreland Margin platforms are usually attached to the continent. Although they are located close to a siliciclastic source, they are isolated due to the high subsidence rates of the advancing orogenic wedge.

A typical analog of this type of platforms is the Egyptian margin, which will be further examined in the second part of this chapter. Finally, these platforms are invaded and buried by clastics which might transport from the uplifting proximal margin (Fig. 5.2H; [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF]. [START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF].

Systems tracts in carbonate platforms and their control by accommodation and production

Carbonates are considered to represent in-situ sediments and are strongly influenced by environmental factors (i.e., climate, circulation patterns, and nutrient supply). The shallow marine carbonates possess specific geometries that seem to be partly in agreement with the standard model of sequence stratigraphy proposed by [START_REF] Posamentier | Eustatic Controls on Clastic Deposition Ii-Sequence and Systems Tract Models[END_REF] specifying the systems tract from basin margin to deep water. In carbonates, the geometry of the sediments, as well as the systems tracts, are controlled by the accommodation space ratio (A' = dA/dt) as well as the carbonate production and growth (G' = dG/dt). As already mentioned, the rim and the interior of the platform present different accumulation rates; thus, we refer to the growth rate of the platform rim as Gr' and to the growth rate of the platform interior as Gp' [START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF].

Based on the A' and G' five characteristic patterns have been proposed (Fig. 5.3; [START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF]. These system tracks are well described in Fig. 5.3. The panels 1, 3, 5, and 6 (Fig. 5.3) correspond to standard systems tracts that are proposed for siliciclastics. On the contrary, panels 2 and 4 (Fig. 5.3) are unique and exceptional situations referring only to rim carbonates. Both situations are considered to be very important because they yield characteristic patterns that recognize tropical platforms in seismic data. Despite their geometric importance, the system tracks can be linked with a specific depositional environment, and thus with facies patterns, which have different carbonates and siliciclastics -see in [START_REF] Posamentier | Eustatic Controls on Clastic Deposition Ii-Sequence and Systems Tract Models[END_REF] for siliciclastics and [START_REF] Handford | Carbonate Depositional sequences and systems tract -Responses of Carbonate Platforms to relative sea-level changes,' Carbonate sequence stratigraphy[END_REF] for carbonates. [START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF] suggests that the geometry of the three systems tracts leads to several conclusions regarding the depositional environment of carbonate platforms. For instance, during the lowstand, the carbonate platform is expected to be narrow and dominated by a highly productive system with starved shelves and lack of lagoon deposits. The retrogradation of the platform margin in the transgressive systems tract invokes water depth increases and open marine conditions occur on the previous platform margin, which back-steps in another position. In contrast, the progradation of the highstand systems tract indicates that the rate of carbonate production is higher than the rate of accommodation space; the water depth decreases, and the circulation on the platform top tends to become restricted. The progradation of the highstand systems tract may be multi-directional, filling the empty lagoon and resulting in the expansion of the platform. [START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF].

Figure 5.3: Scheme illustrating the basic geometries of tropical platforms and their interpretation regarding the rate of accommodation space, A', and rate of carbonate production and growth, G.' The letter G' stands for carbonate growth.(See in the text for more details

II. Eratosthenes Seamount: The evolution of an isolated carbonate platform at a major plate boundary (offshore Cyprus)

1 Georesources Department, Geosciences Division, IFP Energies Nouvelles (France) 

Abstract

The Eratosthenes Seamount is a 5-km thick isolated carbonate platform, located adjacent to the deep marine facies of the Levant Basin. In general, isolated carbonate platforms are attractive exploration targets and this was confirmed by the recent discovery of light oil in the Lower Cretaceous platform south of Eratosthenes Seamount. In this study, we applied seismic stratigraphy concepts to better understand the tectonostratigraphy, the sedimentary architecture and morphologies of successive shelf edges of the Eratosthenes carbonate platform from the Jurassic to the present day. The evolution of the Eratosthenes isolated carbonate platform has been compared to the Egyptian margin and other ancient and modern isolated carbonate platforms. The onset of the carbonate platform is marked by a post-rift Jurassic retrograding and aggrading seismic unit. This unit is characterized by rapid lateral changes in the seismic facies that are interpreted as a succession of carbonate mounds. An upper unit is characterized by clinoforms which are interpreted as oolitic shoals. The upper unit is topped by a regional unconformity and is succeeded by a Cretaceous aggrading carbonate platform characterized by a variety of different seismic facies interpreted as fore-reef deposits, buildups and lagoonal facies.

Our seismic interpretation shows that the Cenomanian-Turonian platforms are characterized by an increase in accommodation space together with high carbonate production and followed by major regional flooding. From the late Oligocene to the early Miocene, the Levant Basin was inverted and Eratosthenes Seamount collided along the Cyprus Arc. A flexural regime led to the deformation of the Eratosthenes Seamount and the growth of shallow carbonate reefs. At that period, deposits in the Levant Basin were characterized by chaotic seismic facies interpreted as Mass Transport Deposits (MTDs) related to the collision between the Eratosthenes carbonate platform and the Cyprus Arc.

Introduction

The Eratosthenes Seamount is one of the most prominent highs in the Eastern Mediterranean (Fig. 5.4; [START_REF] Emery | Bathymetry of the eastern Mediterranean Sea[END_REF][START_REF] Robertson | Probing continental collision in the Mediterranean Sea[END_REF]Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]Robertson, 1998a;[START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]. It is bounded by the Levant Basin to the east, the Herodotus Basin to the west, the Nile Delta to the south and Cyprus Arc to the north. The Eratosthenes Seamount is nearly 120 km long and 80 km wide, and is situated 100 km south of Cyprus (Fig. 5.4A).

Its flanks are characterized by submarine canyons and gravity-driven instabilities (Fig. 5.4B). [START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF].

Figure 5.4: (A) Structural bathymetry sketch map of the Eastern Mediterranean (present day). Domain 1: Levant Basin; Domain 2: Herodotus Basin; Prominent features: Mediterranean Ridge, Herodotus, Eratosthenes Seamount, Nile Delta; LFS=Levant fracture system; Cyprus (red dots show recent hydrocarbon discoveries); (B) Bathymetry of the Eratosthenes Seamount (Medmap group, 2005) with interpretation of the current geomorphology). White dots indicate the position of ODP wells

The nature of the crust and the stratigraphic architecture of the Eratosthenes Seamount inspired both academic and industrial groups to study this feature starting in 1966 [START_REF] Emery | Bathymetry of the eastern Mediterranean Sea[END_REF][START_REF] Ben-Avraham | Magnetic Anomalies in the Eastern Mediterranean and the Tectonic Setting of the Eratosthenes Seamount[END_REF]Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Kempler | Eratosthenes Seamount: The Possible Spearhead of Incipient Continental Collision in the Eastern Mediterranean[END_REF][START_REF] Major | Evolution of Paleoenvironments of Eratosthenes Seamount Based on Downhole Logging Integrated With Carbonate Petrology and Reflection Profiles[END_REF][START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]Robertson, 1998b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Galindo-Zaldivar | Recent tectonics of Eratosthenes seamount: An example of seamount deformation during incipient continental collision[END_REF]. The basement of the Levant Basin is characterized by stretched continental crust (Netzeband et al., 2006a;[START_REF] Inati | Lithospheric architecture of the Levant Basin (Eastern Mediterranean region): A 2D modeling approach[END_REF] and the Herodotus Basin substratum, westwards of the ESM, by an oceanic crust [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF] across the Eratosthenes Seamount shed more light on the architecture and the tectonostratigraphic evolution of this prominent feature (Fig. 5.4A, 5.4B and 5.5). Since then, there has been a consensus that the Eratosthenes Seamount corresponds to an isolated carbonate platform developed on a continental fragment. However, due to the lack of high-quality geophysical and well data, knowledge about its tectonostratigraphic evolution was limited. Over the last decade, oil companies have discovered considerable oil and gas accumulations in turbidite lobes offshore Cyprus (Aphrodite-A) and Israel (Fig. 5.4A ;Tamar; Leviathan and Helez oil field; Gardosh et al., 2006;2014;Montadert et al., 2014). Moreover, the most recent gas discoveries in a Lower Cretaceous carbonate platform on the margins of the Eratosthenes Seamount revealed significant hydrocarbon potential and revived interest in hydrocarbon exploration (Bertello et al., 2016). Thus further investigation of this carbonate platform is of great importance for both academic and industrial groups. The main objective of this paper is to characterize the geometry and spatial-temporal evolution of the sedimentary systems at the transition of the Eratosthenes platform-basin and its main controlling factors. Using seismic stratigraphy, drilling results and previous studies, we illustrate the 3D morphology, the stratigraphic architecture as well as the controlling factors of the carbonate growth on the Eratosthenes Seamount since the Early Mesozoic.

Tectonostratigraphic evolution of the region

The Eratosthenes Seamount is interpreted as a long-lived structure, rifted from the African margin during the breakup phases from the Late Triassic to the Middle Jurassic (Fig. 5.6;[START_REF] Ben-Avraham | Magnetic Anomalies in the Eastern Mediterranean and the Tectonic Setting of the Eratosthenes Seamount[END_REF][START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF][START_REF] Guiraud | Phanerozoic geological evolution of Northern and Central Africa: An overview[END_REF]. Extensional pulses were associated with Tethyan rifting and are believed to have triggered the formation of several marine sub-basins and bordering margins [START_REF] Robertson | Introduction: aspects of the geological evolution of the Eastern Mediterranean[END_REF][START_REF] Robertson | Tectonic development of the Eastern Mediterranean region: an introduction[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. Such extensional pulses, accompanied by magmatic activity caused the detachment of the Tauride Microcontinent, the Eratosthenes Continental Block and other small continental blocks off the Afro-Arabian continent (Jonah high- [START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF]Rosetta high-Sestini, G., 1989;Carmel high-Gardosh et al., 2006;[START_REF] Schattner | Transform margin of the northern Levant, eastern Mediterranean: From formation to reactivation[END_REF]Gardosh et al., 2010). The Tauride Microcontinent moved to the north, and Eratosthenes shifted slightly westwards from its initial position (Fig. 5.6; [START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF]Frizon de Lamotte et al., 2011;[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF][START_REF] Vrielynck | The Mesozoic palaeogeographic evolution of Anatolides[END_REF].

Figure 5.5: (A) A north-south cross-section of the Eratosthenes Seamount showing the location of the wells; (B) Stratigraphic column with the ODP results showing the main lithologies on the Eratosthenes

Seamount [START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF].

From the Middle Jurassic to the Middle Cretaceous, differential post-rift thermal subsidence was responsible for the differentiation between retrograding and aggrading shallow marine shelves on the Levant and Egyptian margins, and the onset of the deep marine environment in the Eastern Mediterranean (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a) [START_REF] Müller | Fracture zones in the North Atlantic from combined Geosat and Seasat data[END_REF][START_REF] Robertson | Probing continental collision in the Mediterranean Sea[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. During the Late Cretaceous, the drowning occurred in the Levant area interpreted as an acceleration of subsidence due to regional geodynamics (Fig. 5.5 and 5.7;Robertson 1998a;b;d;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. This interpretation is controversial as the Tethyan platforms were characterized by a global flooding event at the end of the Cretaceous [START_REF] Philip | Peri-Tethyan neritic carbonate areas: Distribution through time and driving factors[END_REF][START_REF] Haq | Cretaceous eustasy revisited[END_REF].

During the Oligocene, the region was marked by uplift and by erosion of the Afro-Arabian Plate due to the initiation of Red Sea rifting. The Levant Basin was characterized by siliciclastic input sourced by the proto-Nile delta and/or sediments coming from the Arabian shield (paleo-Euphrates; [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. This period corresponds to the beginning of the collision between the Afro-Arabian and Eurasian plates (Papadimitriou et al., 2017, accepted). A hiatus from the middle Eocene to Oligocene sedimentation on top of Eratosthenes isolated carbonate platform (Fig. 5.5 and 5.7; [START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF] interpreted by [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF] as the onset of the southward thrusting of Cyprus and the initiation of a flexural regime on its front, that enabled the uplift of the Eratosthenes platform. This interpretation is also controversial since this event is recorded regionally [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Burdigalian corals (e.g., Porites sp.) and large benthic foraminifera were recovered from the ODP wells at sites 965 and 966 (Fig. 5.5B and 5.7; Emeis et al., 1996 a;b) and are evidence for the major decrease in accommodation on top of the Eratosthenes Seamount before the fall in sea level during the Messinian Salinity Crisis (MSC).

During the late Miocene (ca. 5.96 Ma) the Mediterranean became isolated from adjacent oceans resulting in the desiccation of the Meditteranean Sea and hence the precipitation of evaporitic sediments in the deep basins (i.e, 1.6 km in the Levant Basin; [START_REF] Dewey | Plate Tectonics and the Evolution of the Alpine System Plate Tectonics and the Evolution of the Alpine System[END_REF][START_REF] Hsü | History of the Mediterranean salinity crisis[END_REF][START_REF] Hsü | Messinian Evaporites from the Mediterranean and Red Seas[END_REF][START_REF] Blanc | Of sills and straits: A quantitative assessment of the Messinian Salinity Crisis[END_REF][START_REF] Meijer | A box model of the blocked-outflow scenario for the Messinian Salinity Crisis[END_REF][START_REF] Gargani | Mediterranean Sea level variations during the Messinian salinity crisis[END_REF][START_REF] Gargani | Evaporite accumulation during the Messinian Salinity Crisis: The Suez Rift case[END_REF][START_REF] Krijgsman | Depositional environments of the Mediterranean "Lower Evaporites" of the Messinian salinity crisis: Constraints from quantitative analyses[END_REF]. This deposition coincided with intense subaerial erosion of the basin margins [START_REF] Denizot | Le Plioce`ne dans la valle´e du Rhoˆne[END_REF][START_REF] Barr | Late Tertiary channel system in northern Libya and its implications on Mediterranean sea level changes[END_REF][START_REF] Hsü | History of the Mediterranean salinity crisis[END_REF][START_REF] Hsü | Messinian Evaporites from the Mediterranean and Red Seas[END_REF][START_REF] Barber | Messinian subaerial erosion of the proto-Nile Delta[END_REF][START_REF] Savoye | The Messinian event on the margin of the Mediterranean Sea in the Nice area, southern France[END_REF][START_REF] Druckman | The buried Afiq Canyon (eastern Mediterranean, Israel): a case study of a Tertiary submarine canyon exposed in Late Messinian times[END_REF][START_REF] Lofi | Erosional processes and paleoenvironmental changes in the Western Gulf of Lions (SW France) during the Messinian Salinity Crisis[END_REF][START_REF] Ryan | Decoding the Mediterranean salinity crisis[END_REF][START_REF] Bache | Messinian erosional and salinity crises: View from the Provence Basin (Gulf of Lions, Western Mediterranean)[END_REF]. This major tectono-eustatic event is characterized by the deposition of thick evaporitic units in the deep basin [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF] pinching the Eratosthenes Seamount (45 m drilled at ODP site 967, Fig. 5.5B).

During the Lower Pliocene, the collision between Eratosthenes and Cyprus reached its climax, and the tectonic subsidence of Eratosthenes accelerated (Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF]Robertson, 1998b;d).

Benthic foraminifera recovered from core 967 showed that the Seamount reached its current vertical position (in the range of 1,800 -2,500 m; [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]. A set of bathymetric data (Emodnet) shows that the modern infilling of the Levant deep basin is sourced from the Nile by a channel-levee complex and pelagites [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF] The present-day bathymetry of the Seamount shows a staircase pattern with many faults at its northern slope (Fig. 5.4B; [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF]. The ENE-WSW oriented asymmetrical fault dipping northward suggests that the direction of the collision was roughly NNW-SSE [START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF]. 

Data and methodology

Petroleum Geo-Services (PGS) holds a huge multi-client seismic data library courtesy of PGS. The library includes 17,000 km of 2D seismic data shot with the dual sensor GeoStreamer® technology (Fig. 5.8; www.pgs/pressroom). For this study and with the authorization of PGS and the Ministry of Energy, Commerce, Industry and Tourism of Cyprus, we interpreted 24 lines of 2D seismic data that cover the Exclusive Economic Zone of Cyprus. The data were loaded and interpreted in Charisma GeoFrame (v 4.4) at IFP Energies Nouvelles. The Charisma seismic interpretation software is part of the Geoframe integrated reservoir characterization system. It is designed for 2D, 3D and 4D seismic interpretation with integrated modules including ASAP, Variance, Cube, InDepth and SeisClass, along with the traditional 2D and 3D interpretation modules (www.slb.com). The seismic interpretation including analysis of the seismic facies is based on seismic stratigraphic concepts from pioneer works (e.g., Mitchum et al., 1977a;b;[START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF] and recent publications [START_REF] Paumard | Evolution of Late Oligocene -Early Miocene attached and isolated carbonate platforms in a volcanic ridge context (Maldives type), Yadana field, offshore Myanmar[END_REF]. To better represent the geomorphology of Eratosthenes Seamount, we used gOcad software to generate isochron maps from the interpreted seismic packages. These maps were converted from time to depth using an InDepth interactive velocity model (the stacking velocities were courtesy of PGS). The drilling results and published work of the ODP Leg 160 have already been used to describe and correlate the stratigraphy at the vicinity of Eratosthenes Seamount over time (Fig. 5.5B and 5.7; Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF].

Results

Seismic stratigraphy

Based on the seismic reflector termination, we identified nine unconformities in the regional 2D seismic data (Fig. 5.9 to 5.12). Each unconformity corresponds to a major geodynamic or second order eustatic event documented and supported by regional studies (Gardosh et al., 2006;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. The carbonate platforms were identified by following geometrical and geophysical observations (e.g., positive antecedent topography discussed below, significant thickening, high-angle slopes, onlap of overburden sediments of the deep basin, stacking patterns and erosional features; Mitchum et al., 1977a;b;[START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF][START_REF] Burgess | Methods for identification of isolated carbonate buildups from seismic reflection data[END_REF]Fig. 5.9 to 5.12). These criteria enabled the identification of four main postrift carbonate platforms from the Mesozoic to the Cenozoic (Fig. 5.12). A description of the geometries and the lateral change of seismic facies in each seismic package of the Eratosthenes platform at the slope basin transition is provided in Papadimitriou et al., accepted. In the following paragraphs, we discuss the impact as well as the implication of each post-rift sequence of the Eratosthenes carbonate platform by comparing it with other Tethyan margins. In this paper, we use the terms "ESP" for the seismic units and "ER" or "R" for the seismic reflectors at the sequence boundaries. Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a and[START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF].

Figure 5.8: Structural magnetic map of the Eastern Mediterranean region (present day) showing the location of the interpreted seismic lines, the most prominent features of the Eastern Mediterranean as well as the Cretaceous carbonate platforms (after

The transition from the syn-rift structures to the Late Jurassic Carbonate platform: seismostratigraphic architecture.

The base of the first main post-rift carbonate platform is underlined by the ER1. The ER1 refers to a group of high amplitude low frequency continuous stacked reflectors that separates the seismic package of ESP1 sub-horizontal reflectors from a moderate amplitude, discontinuous frequency reflection pattern structured by the syn-rift faults (Fig. 5.9A, 5.10A and 5.11A). On the southern border of Eratosthenes, ESP1 could correspond to the base of the Middle Jurassic distally steepened platform, comprising the transition between syn-rift and post-rift sediments [START_REF] Read | Carbonate platforms of passive (extensional) continental margins: Types, characteristics and evolution[END_REF]. The ER1 continues as a gentle slope to the deep basin referred to as R1 (Fig. 5.9A and 5.12B). During the post-rift evolution of the isolated platform, an abrupt slope profile was progressively acquired (ER2-R2; Fig. 5.9A) as described in previous works on other areas [START_REF] Tucker | Carbonate Sedimentology: Chapter 2[END_REF][START_REF] Handford | Carbonate Depositional sequences and systems tract -Responses of Carbonate Platforms to relative sea-level changes,' Carbonate sequence stratigraphy[END_REF][START_REF] Pomar | Types of carbonate platforms: A genetic approach[END_REF]. Based on well and seismic data, previous authors, argued that the post-rift sedimentation in southern Tethys began during the Middle Jurassic (Bajocian- Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). This interpretation allowed us to assign the same age to the base of the ESP1 package by comparing ESP1 facies and geometries to neighboring platforms of the Levant Basin.

Seismic facies of ESP1 and ESP2 sequences also show alternating transparent mounded structures (f1) and sub-horizontal to horizontal parallel and continuous and discontinuous reflectors of high amplitude and low frequency (f2; Fig. 5.9A and 5.9B). They form relatively thick packages. The thickness of ESP1 ranges from ~300 to 900 ms TWT basinward at the toe of the slope of the carbonate platforms. ESP2 forms another thick package from 0 to 500 ms TWT and is topped by an erosive unconformity (Fig. 5.9A, 6.9B, 5.11A and 5.11B , ER3). Laterally, ESP1 is transitional with the SP1 seismic facies of the deep basin and in some locations, displays a slightly wavy internal configuration (Fig. 5.9A). For both seismic facies ESP1 and ESP2, the reflectors in some cases present a clear concave-down configuration with onlap onto a more transparent and mound-shaped structure (f1; Fig.

5.9B).

These facies are very similar to the Jurassic facies described onshore Morocco and Egypt [START_REF] Norton | Rock-stratigraphic Nomenclatures of the Western Desert, Egypt[END_REF][START_REF] Schutz | Structure and stratigraphy of the Gulf of Suez', Egypt[END_REF], and have been described on seismic lines, and drilled onshore in the Western Desert, (Tassy et al., 2015a). The ER2 horizon divides the Late Jurassic sequence into two seismic units with contrasted facies. The overlying ESP2 unit has a wedge-shaped geometry (Fig. 5.9A and 5.11B) and is interpreted as an overall retrograding sequence. The erosional surface on top of the unit ESP2 (Fig. 5.9A, ER3) might explain the difference in the thickness of ESP2 to the north and to the south of Eratosthenes.

Figure 5.9: (A) 2D north-south seismic profile crossing the Eratosthenes Seamount; (B) Seismic facies observed in ESP1-ESP3 seismic units on the south-eastern slope of the Eratosthenes Seamount; (C) Seismic facies observed in ESP1-ESP3 seismic units representing the transition from the platform to the deep basin; (D) Seismic facies observed in ESP2,ESP3 and ESP6 seismic units at the south-eastern slope of the Eratosthenes Seamount.

The combination of sedimentological data (well and field data) concerning the other Tethyan margins (Egyptian and Levant margins) allows more accurate interpretation of the paleoenvironments for the Late Jurassic carbonate platform in the Eratosthenes Seamount domain. Tassy et al., (2015a) identified two post-rift aggrading and retrograding Upper Jurassic sequences. The youngest between the two is limited by a regional erosive unconformity (stratigraphic gap of 10-15 Ma from the late Oxfordian to the Berriasian or Valanginian) marking the transition from the Cretaceous series. During the Late Jurassic, the Egyptian margin was built of oolitic shoals or reefal limestones (i.e., Massajid and Wadi Natrum carbonate formations, [START_REF] Norton | Rock-stratigraphic Nomenclatures of the Western Desert, Egypt[END_REF]Parisot, 1996) which on the 2D (TWT) seismic correspond to prograding clinoforms and stacked mound-shaped structures on the platform edges (Fig. 

Figure 5.10: (A) 2D north-south seismic profile crossing the Eratosthenes Seamount interpreted with colour code; (B) Seismic facies observed in ESP2-ESP5 seismic units on the southern slope of the Eratosthenes Seamount; (C) Seismic profile showing the location of well 967 and the facies observed in ESP3-ESP5 seismic units on the northern slope of Eratosthenes Seamount that are correlated with the wells (SGR); seismic facies (f1-3 is explained in detail in the text, the black line corresponds to an inverted extrados fault).

Sismostratigraphic architecture of the Cretaceous platform-slope-basin systems

The Cretaceous platform is divided into two major units: the ESP3 and ESP4 (Fig. 5.9A, 5.10A 5.11A and 5.12A). The ESP3 is a relatively transparent seismic unit limited at its base by the erosive unconformity ER3. It is 500-550 ms TWT thick and is characterized by low amplitude to transparent relatively continuous reflectors in the middle of the Eratosthenes platform (f3; Fig. 5.11C). On its southern and northern borders, the ESP3 changes from a succession of flat-top transparent seismic units to alternating concave and parallel reflectors (i.e., f1 and f2 in Fig. 5.9D and 5.10B).

The shelf edges identified on the borders of Eratosthenes (Fig. 5.9) show an aggrading geometry. These edges could have been tectonically controlled, but the age of faulting is not well constrained (Fig.

5.11A

). The top the ESP3 is marked by a high amplitude non-continuous reflector (ER4) that is well defined in the south of Eratosthenes (Fig. 5.10B and 5.11C). The ESP3 unit could represent a Lower Cretaceous rock unit formed by shallow water bioclastic and rudist-rich limestones. Indeed, at that time, in most peri-Tethys areas, the paleogeography was characterized by a system of wide Urgonian carbonate platforms [START_REF] Simo | Cretaceous Carbonate Platforms[END_REF]. In Provence, the rudist-rich inner platform was rimmed by outer platform bioclastics [START_REF] Masse | Cretaceous coral-rudist buildups of France[END_REF]. In Eratosthenes, the low amplitude to transparent seismic facies recognized in the middle of the platform (f3; Fig. 5.10B and 5.11C) interpreted as inner shelf rudist-rich limestone and the lateral variation of seismic facies on the platform edges (f1 and f2 on Fig. 5.9D and 5.10C) outer belt bioclastic carbonate buildups. In the internal platform, high amplitude reflectors can be identified and linked to flooding surfaces. Drowning events have also been recorded in the Provence Urgonian facies [START_REF] Masse | Drowning events, development and demise of carbonate platforms and controlling factors: The late Barremian-early Aptian record of southeast France[END_REF] as well as in other Levant platforms (Bachmann and Hirsh, 2006). The ESP4 member represents a deepening and shallowing upward cycle on the platform, associated with the onset and subsequent infill of an intra-shelf basin, which may be analogous with the Cenomanian Natih Formation in Oman [START_REF] Buchem-Van | The Cenomanian Turonian carbonate petroleum system of northern Oman (Natih Formation) e a stratigraphic organization of carbonate ramps and organic-rich intra-shelf basins[END_REF][START_REF] Droste | Stratal geometries and patterns of platform carbonates: The Cretaceous of Oman, Seismic Imaging of Carbonate Reservoirs and Systems[END_REF][START_REF] Droste | High-resolution seismic stratigraphy of the Shu'aiba and Natih formations in the Sultanate of Oman: implications for Cretaceous epeiric carbonate platform systems[END_REF]. Droste, (2010) described this geometry as a fill-up and spill out phase and these clinoforms were interpreted as outer shelf deposits that were filling the platform and appear to downlap the maximum flooding surface.

The slope and basin infilling (SP2) are characterized by alternating chaotic seismic facies, and high amplitude continuous reflectors that onlap the paleoslopes (Fig. 5.9A and 5.9C). These reflectors could correspond to alternating deepwater and gravity-flow carbonates derived from older carbonate platform successions, as described in the Gargano Peninsula [START_REF] Borgomano | The Upper Cretaceous carbonates of the Gargano-Murge region, southern Italy: A model of platform-to-basin transition[END_REF][START_REF] Hairabian | Depositional facies, pore types and elastic properties of deep-water gravity flow carbonates[END_REF] and the Maiella Mountain (Eberli et al., 2004). This succession is 1s TWT thick and is much thinner than the 3s TWT thick Mesozoic platforms units (Fig. 5.9A, 5.10A, 5.11A and 5.12A). During the Cretaceous, the deep basin was only filled with pelagic sediments and redeposited carbonate breccia.

Indeed, carbonate sediments are generally not redistributed within the basin except during extreme storms or mass collapse, which could explain the low rate of sedimentation in the deep basin [START_REF] Pomar | Types of carbonate platforms: A genetic approach[END_REF].

Late Cretaceous drowning of the Cretaceous carbonate platform.

The top Cretaceous platform is constrained by offshore-2D seismic and the ODP well data (967, Fig. 5.5). ESP4 unit on Eratosthenes is topped by the ER5 high amplitude and continuous reflector (ER5, Fig. 5.9, 5.10, 5.11A and C) which corresponds to the Coniacian Maastrichtian regional drowning event (Fig. 5.5 and 5.7). The Late Cretaceous interval in the ODP wells (i.e., site 967) is represented by pelagic carbonates. These pelagic limestones, which were drilled by ODP 967 (Emeis et al., 1996c;Robertson, 1998a;[START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF], are similar to the Santonian Maastrichtian pelagic chalks of Khoman Formation in Egypt [START_REF] Samir | Biostratigraphy and paleoecology of the Khoman formation (Upper Cretaceous) between the Bahariya and the Farafra oases, western desert, Egypt[END_REF][START_REF] Tantawy | Maastrichtian to Paleocene depositional environment of the Dakhla Formation, Western Desert, Egypt: sedimentology, mineralogy, and integrated micro-and macrofossil biostratigraphy[END_REF]Tassy et al., 2015a). This transgressive unit is also analogous to the Lebanon Chekka Formation, from Coniacian to Maastrichtian [START_REF] Walley | Peri-Tethys Memoir 6: Peri-Tethyan Rift/Wrench Basins and Passive Margins[END_REF], and Italian Scaglia Formation [START_REF] Bosellini | Pelagic limestone and radiolarite of the Tethyan Mesozoic: A genetic model[END_REF]. Therefore it is clear that from the Santonian to the early Maastrichtian, a general eustatic sea-level rise [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF][START_REF] Haq | Cretaceous eustasy revisited[END_REF] caused the drowning of most of the Tethyan margins and resulted in the deposition of chalky limestones (Robertson, 1998a;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Figure 5.11: E-W 2D Seismic profiles of the southern slope south of the Eratosthenes carbonate platform: (A) 2D seismic profile crossing the Eratosthenes Seamount interpreted with the colour code (dashed lines indicate the limit of the fault zone; (B) Seismic facies observed in ESP1-ESP3 seismic units at the southern slope of Eratosthenes Seamount; (C) Seismic facies observed in ESP2-ESP4 seismic units (Cretaceous platform) at the southern margin of the Eratosthenes Seamount.

Sismostratigraphic architecture of the Miocene platform-slope-basin system

Separated from ESP5 by a high-amplitude reflector (ER6), the ESP6 seismic package is composed of parallel configurations of moderate amplitude and continuity (Fig. 5.9D). Locally the parallel reflectors are replaced by high amplitude mound shaped reflectors to the south (Fig. 5.9D and 5.10B). We interpret these mounded reflectors as pinnacles reefs that vary from 150 to 200 ms TWT (Fig. 5.9D).

According to the ODP wells, the ER6 horizon marks the deposition of Neogene shallow-water carbonates including lagoonal facies and pinnacles reefs (Robertson, 1998c). The ODP wells (sites 965 and 966) revealed that the rocks recovered from this Miocene unit are dominated by bioclasts, with additional common benthic foraminifera, coral, mollusks, and echinoderms. Coral fragments appear to be encrusting Porites sp. (Emeis et al., 1996a;b). These ages and facies can be correlated with carbonate build-ups identified onshore Cyprus (Terra and Koronia members, [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF].

Seismic Geomorphology

Interpreting the 2D seismic data made it is possible to generate a 3D map of the Late Jurassic and Cretaceous carbonate platforms at the Eratosthenes domain (Fig. 5.13). These maps are described and will later be compared with other Tethyan margins in order to further examine and understand the reasons that led to the present shape of the platforms. The isolated carbonate platforms occur within several stratigraphic intervals and are distributed over a wide area comprising approximately 900 𝑘𝑚 2 .

Seismic geomorphology of the Jurassic platform-slope-basin system

The location of the isolated carbonate platforms appears to be related to an antecedent topography.

The 3D depth map of the ER1 break-up unconformity shows isolated elevated features (Fig. 5.13A).

These features might correspond to paleo reliefs, and continental Horst inherited from the rifting of Neotethys Ocean as described previously by [START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF]. The late Jurassic topographic map (Fig. 5.13B) shows the envelope of the ESP1 and ESP2 Jurassic carbonate units and the shelf edges of an isolated carbonate platform. Seismic geomorphology of the Jurassic platform shows a succession of convex slopes and embayments. In this area, the shelf edge could be controlled by a fault escarpment inherited from the rift and is probably affected by gravity deposits. Currently, the platform tilts northward under the present-day Cyprus Arc (Fig. 5.8).

Seismic geomorphology of the Cretaceous platform-slope-basin system

The depth maps in Fig. 5.13C and 5.13D reveal the top of aggrading carbonate units (ESP3 and ESP4).

The 3D Early Cretaceous depth shows a unit that appears to aggrade over the Jurassic platform. It shows locally high carbonate buildups in the south-eastern part of Eratosthenes. The late Turonian depth map (top of the ESP4 prograding units, ER5) shows that the small highs of ER4 are not preserved.The flat-top platform appears to be larger due to ESP4 progradation toward its center and the infilling of pre-existing topographic lows (see also seismic lines Fig. 5.9B and 5.11C).

Figure 5.12: (A) E-W seismic profile south of Eratosthenes carbonate platform; (B) E-W Seismic profile showing the overall distribution of the interpreted seismic packages (SP) and the seismic facies across the southern slope of Eratosthenes Seamount; (C) Color-coded profile showing the interpretation allocated to the seismic facies of the southern margin of Eratosthenes Seamount. See 5.8 for the location

Like the Jurassic carbonate platform, the Cretaceous southern shelf edge is well identified and shows a succession of convex slopes and embayments. However, these margins are steeper and are interpreted as rimmed margins along semi-circular embayment controlled by pre-existing morphologies. These morphologies have been described on modern platforms like the Bahamas and have been interpreted as tectonically controlled embayments [START_REF] Schlager | Bahamas carbonate platforms -The deep and the past[END_REF][START_REF] Ginsburg | The Growth Potential of a Bypass Margin, Great Bahama Bank[END_REF][START_REF] Reijmer | Carbonate slopes and gravity deposits[END_REF][START_REF] Tournadour | Origin and architecture of a Mass Transport Complex on the northwest slope of Little Bahama Bank (Bahamas): Relations between off-bank transport, bottom current sedimentation and submarine landslides[END_REF] [START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF].

Figure 5.13: Depth converted maps showing the geomorphology of the Jurassic (A-B) and the Cretaceous carbonate platforms (C-D) [1] = Levant Basin; [2] =Eratosthenes carbonate platform; [3] = Herodotus Basin; COB= Continental-ocean boundary (after

Discussion

Magnetic map anomalies: location of basement highs in the stretched continental crust of the Levant

To help understand the relationship between inherited rift structures and isolated carbonate platforms, in our interpretation we include a map of magnetic anomalies combined with the interpretation that was made in the other Levant margins.

Two linear series of positive and negative series of magnetic anomalies are interpreted in the magnetic anomaly map (Fig. 5.8). Along the Cyprus Arc, a set of moderate magnetic anomalies can be linked to the ophiolite belt that runs from Syria to Turkey, passing through the Cyprus Arc [START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. To the south, starting from the Israeli coastline, there is a linear series of positive anomalies in an NW-SE direction (Fig. 5.8,[1]). These anomalies are interpreted as transfer zones controlling the position of the hinge line onshore Egypt since the Jurassic. Fig. 5.8 shows that these transfer zones could also have been identified through the Levantine basin and could control the position of the basement highs inherited from rifting (Jonah High and Eratosthenes High). Indeed, in the Levant Basin, many magnetic anomalies are dipolar, implying compact localized sources. This change in magnetic field portrays horsts and grabens that might have been created by rifting, during the formation of the Levant Basin (Gardosh et al., 2010;[START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF]. [START_REF] Cochran | Constraints on the deformation and rupturing of continental lithosphere of the Red Sea: the transition from rifting to drifting[END_REF] interpreted similar patches of high magnetic anomalies in the Red Sea as extrusive igneous rocks and exposure of young basalts along segments of the basin axis. Moreover, [START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF] showed that the high magnetic anomaly associated with the Jonah High might be explained by the vertical offset of the top basement as well as by volcanic intrusions. Another high (the Carmel High) located offshore Israel is also worth mentioning as it appears to have similar magnetic anomalies to the Eratosthenes Seamount. The Carmel High is located at the northeastern edge of an elongated NE-SW oriented high magnetic anomaly (Gardosh et al., 2006). Drilling data revealed that the basement of this High developed from Lower Jurassic volcanics (referred to as Asher formation) associated with rifting (Gardosh et al., 2006). In the vicinity of the Eratosthenes Seamount, the most important set of anomalies appear to be on the south-eastern slope of Eratosthenes Seamount. Geophysical surveys revealed a positive peak in the SE (i.e., +250 nT positive) and a negative peak in the NE (i.e., 200 nT negative closures), interpreted as mafic or ultramafic material [START_REF] Ben-Avraham | Magnetic Anomalies in the Eastern Mediterranean and the Tectonic Setting of the Eratosthenes Seamount[END_REF]. Another possible analog of the Eratosthenes Seamount is the Rosetta High (60 x 60 km) [START_REF] Sestini | Nile Delta: a review of depositional environments and geological history[END_REF][START_REF] Tassy | Mesozoic carbonate-siliciclastic platform to basin systems of a South Tethyan margin (Egypt , East Mediterranean )[END_REF][START_REF] Makled | Neogene sequence stratigraphic architecture of the Nile Delta, Egypt: A micropaleontological perspective[END_REF]) located south of Eratosthenes (Fig. 5.8). Both correspond to isolated carbonate platforms characterized by steep cliffs and covered by Upper Cretaceous pelagic sediments (Memphis-1 for Rosetta high; ODP leg 160 for Eratosthenes; Robertson, 1998d;[START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF].

The evolution of Eratosthenes carbonate platforms

The evolution of carbonate platforms is linked to relative variations in sea level (i.e., rates of change in accommodation) that change and is affected by the interplay between eustasy, tectonism and the carbonate production rate [START_REF] Schlager | Bahamas carbonate platforms -The deep and the past[END_REF][START_REF] Belopolsky | Atlas of Seismic expressions and Interpretation of Carbonate Sequences: The Maldives Platform, Equatorial Indian Ocean[END_REF][START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF]. The Jurassic units are aggrading, and backstepping and the Cretaceous and the Miocene platforms are characterized by aggradation (Fig. 5.9, to 5.12, 5.14A and 5.14B). These geometries are recorded by maximum flooding surfaces and might have developed during the long-term relative rise in sea level.

The aggradation of the carbonate platforms in the vicinity of Eratosthenes is related to the different crustal thickness in the Eratosthenes Seamount and in the Levant Basin, as shown by the magnetic map in Fig. 5.8 and by the pre-existing compilation of crustal velocity models for Eratosthenes Seamount and the Levant Basin (Fig. 5.8;[START_REF] Makris | Seismic refraction profiles between Cyprus and Israel and their interpretation[END_REF]Netzeband et al., 2006a).

The Eratosthenes carbonate platform sits on top of a relatively thicker continental crust compared to adjacent basins and would have been subject to lower rates of subsidence than the Levant Basin (Gardosh et al., 2010;[START_REF] Inati | Lithospheric architecture of the Levant Basin (Eastern Mediterranean region): A 2D modeling approach[END_REF]. This differential subsidence between crustal segments of different nature is well described on other Mediterranean passive margins [START_REF] Leroux | Sedimentary markers in the Provençal Basin (western Mediterranean): A window into deep geodynamic processes[END_REF]. The early stages of the evolution of the Bahama Banks were also controlled by the Atlantic rift structures [START_REF] Eberli | Segmentation and coalescence of Cenozoic carbonate platforms, northwestern Great Bahama Bank[END_REF] before their evolution into a great platform. Offshore Brazil, [START_REF] Guardado | Petroleum geology of the Campos Basin, Brazil, a model for a producing Atlantic type basin[END_REF] documented Cretaceous platforms controlled by a horst, inherited from the rift structures.

Similar platforms are now exposed in southern Turkey (e.g., in the Antalya Complex, Fig. 5.6), or the attached Levant platforms [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a).

During the Cenomanian, the southern paleo-shelf of the Eratosthenes carbonate platform was covered by fill-up and spill out sediments (i.e., tangential clinoforms) followed by the drowning of the platform (Fig. 5.10B, 5.11C and 5.14C). The Cenomanian global sea level highstand is recorded regionally and 

14E). The numerous sinkhole features visible across the

Eratosthenes carbonate platform are proof that seismic unconformity R7 constitutes a subaerial exposure surface. It is thus probable that during the Messinian, the Eratosthenes flattop emerged. This is evidenced by the geometries of the upper Miocene forced regressions identified in a few lines (Fig.

5.10B

) illustrating a regional falling stage at the top of the Eratosthenes carbonates.

The MSC was followed by flooding of the Mediterranean basins (Garcia-Castellanos et al., 2009;[START_REF] Bache | Messinian erosional and salinity crises: View from the Provence Basin (Gulf of Lions, Western Mediterranean)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. During this period, the Eratosthenes Seamount subsided and was covered by deep marine sediments (Fig. 5.4A 5.9A, 5.10A, 5.11A, 5.14F;[START_REF] Wehausen | 17. The Formation of Pliocene Mediterranean Sapropels : Constraints From High-Resolution Major and Minor Element Studies[END_REF][START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF], and the margin of the Nile deep-sea fan was prograding (Fig. 7A and 8A; [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]. During the Messinian and the early Pliocene, the mobile salt, as well as the overburden, began to deform due to gravity tectonics [START_REF] Mascle | The Nile deep sea fan: Preliminary results from a swath bathymetry survey[END_REF][START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]. The front of the Nile deep-sea fan collided with satellites of the Eratosthenes Seamount, which acted as a passive buttress [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF]. The presence of pinnacles south of Eratosthenes and the Zohr Cretaceous/Miocene carbonate platform under 1 km of evaporite could be explained by the acceleration of the subsidence of a thinned continental crust in the deep basin during the salt deposition (see [START_REF] Leroux | Sedimentary markers in the Provençal Basin (western Mediterranean): A window into deep geodynamic processes[END_REF] and the over thrusting of distal domains (see Fig. 5.6A and 5.7A, flexure of the southern part of Eratosthenes) by the Messinian evaporites due to gravity spreading of the Nile [START_REF] Loncke | The Nile deep-sea fan: An example of interacting sedimentation, salt tectonics, and inherited subsalt paleotopographic features[END_REF].

To the north, the Eratosthenes Seamount was already in a collision with Cyprus and began to underthrust the allochthonous salt (Fig. 5.10A) whereas previously inverted extrados faults suggest the propagation of the thrust belt (Fig. 5.11C; [START_REF] Reiche | The impact of salt on the late Messinian to recent tectonostratigraphic evolution of the Cyprus subduction zone[END_REF]. The resulting depth subsidence of the Eratosthenes Seamount, ranging from 700 to 2,900 m, led to its current position. Apparently, much of this submergence took place rapidly, preventing the carbonate factory from starting up again.

The origin of the Late Cretaceous and late Miocene Demise of the Carbonate factory: Eustatism, Subsidence or productivity?

As part of the Southern Tethyan margin, the platforms on the Eratosthenes Seamount began to grow in the Middle Jurassic and drowned during the Late Cretaceous. From Santonian to the early Maastrichtian, global sea-level rise [START_REF] Haq | Cretaceous eustasy revisited[END_REF] caused the drowning of the Egyptian platform and the deposition of chalks and chalky limestones of the Khoman Formation (in Egypt) overlaying the shallow water carbonate sediments on the platform (Tassy et al., 2015a). This drowning is also recorded by the Chekka Formation in Lebanon (Coniacian -Maastrichtian; [START_REF] Walley | Peri-Tethys Memoir 6: Peri-Tethyan Rift/Wrench Basins and Passive Margins[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF], and the Scaglia Formation on the Apulia isolated platform [START_REF] Bosellini | Pelagic limestone and radiolarite of the Tethyan Mesozoic: A genetic model[END_REF].

Therefore, we assume that the Southern Tethyan Mesozoic carbonate platform drowning was not a local event. This flooding event was coeval with a first order eustatic sea-level rise [START_REF] Haq | Cretaceous eustasy revisited[END_REF]. [START_REF] Schlager | Bahamas carbonate platforms -The deep and the past[END_REF] states that in the case of healthy carbonate platforms with high accumulation rates, the demise cannot be simply the result of long-term geological processes (e.g. eustasy) because the carbonate platforms should be able to "keep up" [START_REF] Paumard | Evolution of Late Oligocene -Early Miocene attached and isolated carbonate platforms in a volcanic ridge context (Maldives type), Yadana field, offshore Myanmar[END_REF] Since shallow carbonates grow fast enough to keep up with the sea-level rise, the drowning of carbonate platforms could only occur under specific subsidence regime and/or change in environmental conditions. We propose that the most likely controlling factor for the drowning of the Southern Tethyan margins was a drastic change in environmental conditions (such as in sea temperatures and paleo-oceanographic circulations affecting carbonate productivity). The reorganization of connections between the future Mediterranean and the global ocean [START_REF] Jolivet | Neo-Tethys geodynamics and mantle convection: from extension to compression in Africa and a conceptual model for obduction[END_REF] as the result of plate tectonics (e.g. convergence of Afro-Arabia and Eurasia is attested to have occurred between 95 -85 Ma Robertson, 1998e;Gardosh et al., 2010;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].

The demise of carbonate production during the late Miocene and from then on is directly linked with two local events: (1) the MSC and the associated 800-1,000 m sea-level fall, (2) the collision between Cyprus and Eratosthenes and the subsequent flexural subsidence. During the Messinian sea-level fall, the Eratosthenes Seamount, which was in a shallow marine setting, emerged and underwent intense erosion (submarine instabilities; Fig. 5.4B, 5.5B and 5.14E). Since the MSC, the Eratosthenes Seamount subsided at depths ranging from 700 m to 2,700 m (Fig. 5.14F) and is now covered by hemipelagic sediments. Robertson, (1998d) proposed that this high subsidence rate took place between the MSC and the Pliocene and we suggest that the subsidence is the result of a regional flexure, probably due to the collision between the Eratosthenes Seamount and the Cyprus Arc. At the same time, the deposition of evaporites in the deep basins and the loading of the Pliocene Nile sediments over a thin continental crust could have also accelerated subsidence in the deep domain, as described in the western Mediterranean basins [START_REF] Leroux | Sedimentary markers in the Provençal Basin (western Mediterranean): A window into deep geodynamic processes[END_REF].

Comparison with other Tethyan margins

Our seismic interpretation suggests that the adjacent to the Eratosthenes carbonate platform infilling consists gravity and mass transport complexes (MTDs) as well as the deep pelagic sediments that onlap the paleoslopes. The mechanisms that triggered these large slope failures (maximum width 15-30 km) could be a combination of several parameters including (a) rapid sedimentary loading that can generate excess pore pressure, (b) earthquakes associated with the major geodynamic events, and (c) erosion of older succession due to sea-level fluctuations (e.g., Biscontin and Pestana, 2006;Garziglia et al., 2008;Twichell et al., 2009).

With our data (20 x 20 km grid) it is difficult to represent the directions and sources of MTDs identified at the platform-basin transition in detail. Several gravity driven deposits have been described either onshore or offshore Cyprus, Lebanon, Egypt and Israel (Gardosh et al., 2006;[START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a).The progressive onlapping of the base-of-slope units on the carbonate platform allows the comparison of the Eratosthenes platform -basin transition with the Egyptian, the Lebanon-Israeli and the Apulian margins. Indeed, deepwater gravity flow carbonates of the Upper Cretaceous outcropping in the Gargano Peninsula (Monte Sant'Angelo, Nevarra, Caramanica Formations;[START_REF] Borgomano | The Upper Cretaceous carbonates of the Gargano-Murge region, southern Italy: A model of platform-to-basin transition[END_REF][START_REF] Hairabian | Depositional facies, pore types and elastic properties of deep-water gravity flow carbonates[END_REF], and the Maiella Mountain [START_REF] Santantonio | The Ombrina-Rospo Plateau (Apulian Platform): Evolution of a Carbonate Platform and its Margins during the Jurassic and Cretaceous[END_REF] are analogous with Eratosthenes gravity driven deposits carbonate MTD deposits and turbidites (Fig.. 5.9C and 5.15). On the Lebanon-Israeli margin, the deep water gravity driven deposits correspond to the Albian-Turonian Talme Yafe Formation, which is outcropping onshore Israel [START_REF] Bachmann | Controls and evolution of facies patterns in the Upper Barremian-Albian Levant Platform in North Sinai and North Israel[END_REF]. Finally, on the Egyptian margin, Upper Cretaceous infilling consists of MTDs composed of mixed carbonate-siliciclastic deep water sediments onlapping the paleoslopes (Tassy et al., 2015a). Gardosh et al., 2010). The stratigraphy and the structure of the upper crust are taken from sections in Fig. 5.9 -5.12 of this study; crustal thickness and seismic velocities are based on wide-angle seismic refraction tests (Gardosh et al., 2010).

Figure 5.15: Crustal-scale sections across the Levant Basin and margin, from southern Israel (SE) to the Eratosthenes Seamount (NW) (adapted from

The Cretaceous is characterized by the retrogradation of the Egyptian and Lebanon platforms due to post-rift thermal subsidence (76 m per million years from the Aptian to Santonian; [START_REF] Tassy | Mesozoic carbonate-siliciclastic platform to basin systems of a South Tethyan margin (Egypt , East Mediterranean )[END_REF].

On Eratosthenes, the aggrading architecture of the Cretaceous platform could be linked to more carbonate production due to the location of these isolated platforms far from continental clastic sources.

The differential evolution of the sedimentological environments during the Jurassic and Cretaceous led us to interpret a major difference between Tethyan margins of Apulia, Egypt Lebanon and Eratosthenes. The Egyptian and Levant platforms have mixed carbonate-siliciclastic environments, while on the contrary, the Eratosthenes and Apulian platforms remain wholly carbonate (Fig. 5.16).

This difference is due to the specific paleogeographic setting of each platform. The Egyptian and Lebanon-Israeli platforms were epeiric platforms attached to the African and Arabic continents (Fig. 5.16) and invaded by fluvial clastic inputs sourced from southern Egypt (Parisot et al., 1996) and southern and eastern Lebanon [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. During the Mesozoic, the Apulian platform was isolated (Apennine and Adriatic platforms, Fig. 5.6), separated by epicontinental basins (Adriatic Basin, Umbria-Marche Basin, Bosnian Basin, e.g., [START_REF] Thierry | Early Kimmeridgian[END_REF] and hence free from continental influence. Similarly, the Eratosthenes Seamount corresponds to similar isolated platforms that developed during the Mesozoic. Nevertheless, all the Tethyan platforms show some similarities that emphasize the fact that the global (e.g., eustasy, environmental) and the local (e.g., subsidence) conditions in the Eastern Mediterranean were suitable for the development of widespread thick carbonate systems during the Mesozoic. (Tassy et al., 2015a); (B) Lebanese margin [START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]; (C) Apulia platform [START_REF] Santantonio | The Ombrina-Rospo Plateau (Apulian Platform): Evolution of a Carbonate Platform and its Margins during the Jurassic and Cretaceous[END_REF]; (D) Eratosthenes carbonate platform (this study).

Conclusions

New insights into the Jurassic to the present-day stratigraphic architecture, structural framework and paleogeography of the carbonate Eratosthenes Seamount were gained by integrative interpretation of newly acquired marine 2D seismic reflection profiles and the results of ODP Leg 160. The Eratosthenes Seamount can be considered as a subsiding giant paleo-high in a post-rift context from the Middle Jurassic to the early Oligocene, and as a foreland basin since the late Oligocene that promoted the aggradation of 4-5 Km (2s TWT) of shallow-deeper marine carbonates until the recent final Pliocene drowning. Both the structure and subsidence of the seamount were controlled by the geodynamic evolution of the Levant. Except in two cases (Late Cretaceous-Eocene and Plio-Quaternary), the subsidence rates never exceeded the potential growth rate of the carbonate platform, with a possible contribution of environmental changes for the first, and a major geodynamic event for the second.

Six major post-rift seismic units were defined from offshore seismic data on the isolated Eratosthenes • During the Middle Jurassic, break-up unconformity shows horsts inherited from the rifting.

The Late Jurassic seismic unit corresponds to an isolated carbonate platform, with well-marked shelf edges. The lower Cretaceous carbonate sequence is aggrading on top of the Jurassic paleo-topography. Carbonate buildups were growing asymmetrically and rimmed an intrashelf basin in the south. The Upper Cretaceous platform shows progradation of the platform towards its center, and the infilling of the topographic lows, before the acceleration of the sealevel rise and further drowning during the Santonian-Maastrichtian. Upper Cretaceous and Eocene deep-water carbonates were followed by a reduction of the accommodation space and deposition of shallow carbonate pinnacles during the Miocene.

• The Jurassic and Cretaceous carbonate platform shows variations in slope geometry with a succession of large embayments and convex slopes. Gravity deposits and mass transport complexes (MTDs), as well as deep pelagic sediments, onlap the paleoslopes of the Eratosthenes carbonate platform. Late Cretaceous (ca. 92 -85 Ma; [START_REF] Mukasa | Uranium-lead isotopic ages of plagiogranites from the Troodos ophiolite, Cyprus, and their tectonic significance[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. These sediments are reffered the 'Circum-Troodos sedimentary sequence (Fig. 6.1) and are separated into different formations, which were affected by complex tectonic and paleoenvironmental events [START_REF] Pantazis | Cyprus evaporites[END_REF][START_REF] Eaton | Carbonate platform to basin transitions on seismic data and in outcrops: Great Bahama Bank and the Maiella Platform margin, Italy[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to subduction and incipient continental collision in southern Cyprus, easternmost Mediterranean region[END_REF]. Overall, these sediments record gradually shallowing depositional conditions from a deep sea (Eocene-Lefkara Formation) to shallow marine (Miocene-Pakhna Formation) and the exposure of Cyprus including erosion and fluvial deposits (Quaternary). [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

This chapter is based mainly on sedimentological investigations that were undertaken during two field campaigns in southern Cyprus. The lateral variation of the facies within the Pakhna Formation was influenced by local and regional tectonics rather than global eustatic sea-level changes [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. In order to understand the impact of tectonics on sedimentation during the Miocene, it is considered of great importance to investigate the Polis and the Limassol basins. The two basins represent two tectonically controlled depressions with differences in the depositional environments, the thickness of the Pakhna Formation, and the deformation style.

These basins are bounded by a transverse zone which extends from the Kouklia village to the Xeropotamos River (Fig. 6.1). [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF] has shown that this zone has a folding area with sigmoid geometry due to the existence of a strong sinistral component on two main groups of thrusts located to the north and the south of the Mamonia Suture Zone (Fig. 6.1). The northern group appears as a narrow strip of serpentinite bodies well observed, between the area south of Episkopi (Pafou) village and north of the Nata village. The southern group forms the main part of the serpentinite belt and can be seen very clearly in the landscape south of Marathounta village and also south of the Nata village (Fig. 6.1).

It seems that this transverse zone had a significant impact on the geological evolution of the two basins that will be discussed in section 6.4 [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF].

This chapter is divided into two sections. The first includes an updated synthesis of the depositional environments of southern Cyprus, while the second is a geological analysis of the Polis and Limassol basins. The tectonostratigraphic framework of these two basins will be compared to attest the different controlling factors (such as tectonics, eustatism, and paleoenvironmental conditions), which involved into the geological evolution of the southern part of Cyprus. It is expected that the basin analysis of the Polis and Limassol depressions, and later comparison between the two, will also shed more light on the impact of the substratum as well as the transverse zone that is separating the two basins and how it is linked with the main tectonic events that are recorded onshore Cyprus. Finally, at a larger regional scale, we will try to highlight the influence of the Eratosthenes Seamount on the tectonostratigraphic evolution of these basins.

Geological framework

The sedimentation in Cyprus began after the obduction of the Troodos Ophiolites and is represented by the Pera Pedi, the Kathikas, and the Kannaviou formations (Chapter 2.4;Fig. 6.2;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

From the late Maastrichtian until the late Eocene, Cyprus was covered by deep marine sediments rich in planktonic foraminifera and calcareous nannofossils, which correspond to the first three members of the Lefkara Formation (Robertson, 1977a;[START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. As presented previously in this thesis, the Lefkara Formation is subdivided into four geological units, (for more detailed information check Chapter 2.4.2: (a) the Lower Marl Unit consists of pinkish marls, (b) the Chalk and Chert Unit, (c) the Chalk Unit, and (d) the Upper Marl Member which is composed of marly chalks [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF]. Robertson (1977) identified some in-situ benthic foraminifera in the upper levels of this unit and proposed a gradual shallowing of the region during the Late Eocene (Fig.

6.2).

The Oligocene until the early Miocene is the time of the collision between the African and the Eurasian plates [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF]. Onshore Cyprus, this event is recorded by a drastic change in the depositional environment and the subsequent formation of several Neogene basins such as the Polis Basin, the Limassol Basin, and the Mesaoria Basin. These basins show differences in the sedimentary cover and are bounded by major thrusts of Miocene age.

The Mesaoria Basin shows an E-W elongation and is located, in central Cyprus, between the ophiolitic Troodos Massif and the Keryneia Range (i.e., Ovgos Fault System; Fig. 6.1). The Limassol Basin is bounded by the Troodos Ophiolites to the north, which overthrust the Lefkara Formation and by the Akrotiri High to the south (Fig. 6.1). Finally, the Polis Basin is located in the western part of the island and is bounded by a series of thrust faults verging towards the south-west and starting from the southern slope of the Troodos Ophiolites (Fig. 6.1; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF]2000;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

The transition between the Lefkara and the overlying Miocene Pakhna formations depends on the tectonic history of each basin. In some places, there is a gradual change in the deposition, whereas in others the transition is marked by erosional surfaces (Eaton, 1982;[START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF]1996). The Miocene succession shows a lateral change in facies from reefs to hemipelagites and turbidites [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF]. The reefs are known as the Terra and the Koronia members and can be found at the base and the top of the Miocene succession, respectively [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF]. The Terra Member consists of several coral framestones, comprising of faviids sp. and Porites sp. These reefs grew as upstanding patches under a relatively deep and calm sea, on isolated carbonate shelves [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF]. In contrast, the Koronia Member is a bindstone comprising of monospecific, laminar poritid corals [START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF] and were mainly grew in a shallower sea with varying turbulence (Fig. 6.2).

Pakhna Formation is overlain by Messinian deposits (Kalavasos Formation) that are exposed in localized depocenters such as Polemi, Pissouri, and Psematismenos, and they consist of alternating sapropel, marl, and carbonates (Fig. 6.1 and 6.2). The Kalavasos Formation records the whole Messinian Salinity Crisis (MSC) on the island. Eventually, the evaporitic deposits of the Kalavasos Formation are succeeded by the calcarenites and the relatively deep-water marls of the Nicosia Formation, which in turn passes into stacked fluvial deposits that consist of well-bedded gravels, flood deposits, and palaeosols (Fig. 6.2; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

Figure 6.2:

A synthesized chronostratigraphic chart with the main lithologies onshore Cyprus (modified from [START_REF] Pantazis | Cyprus evaporites[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

II Sedimentological Analysis

Based on previous work (e.g., [START_REF] Eaton | Carbonate platform to basin transitions on seismic data and in outcrops: Great Bahama Bank and the Maiella Platform margin, Italy[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF] as well as the sedimentological and stratigraphic analyses that were conducted during this project we manage to constrain and present an updated scheme for the depositional environments from the Eocene until the late Miocene of southern Cyprus. The vertical and the lateral evolution of the Paleogene and Neogene depositional environments along the Polis and Limassol basins were deduced. In each sequence, we identified various sedimentary facies from the middle Eocene until the late Miocene period. Then based on macro and micro-scale sedimentological observations as well as the biostratigraphy results we differentiated four facies associations. These facies associations are presented in the order of the most proximal to the most distal depositional environment (Fig. 6.3).

Figure 6.3:

Simplified scheme with main depositional environments in a rimmed shelf that are described and examined onshore Cyprus.

Facies association 1 Fa 1A

Fa 1A is characterized by an alternation of clays (0.2 m) with cross-bedded, bioclastic, dolomitized grainstones (0.2 m). The laminated clays show traces of mud-cracks and contain flat pebbles, while at the base of the section; the grainstones show traces of mega ripples (Fig. 6.4A-6.4D). This facies refers to the intertidal zone that is dominated by tidal-flat deposits. The studied outcrop is located at the northern edge of the Limassol Basin. Biostratigraphic results have shown that these sediments were deposited during the middle Miocene (Fig. 6.1; Table 6.1). 

Fa 1B

Fa 1B consists of massive, parallel beds of coarse-grained, bioclastic grainstones, alternating with bioturbated wackestones rich in benthic foraminifera (Fig. 6.5B and 6.5C). In the Limassol Basin, near the Yerasa Fault (Fig. 6.1), the grainstones grade into calcarenites (allochthonous) that exist in laterally continuous, parallel beds (0.3-0.5 m thick; Fig. 6.5B, 6.5C and 6.5D). Also, bioturbation is occasionally present and corresponds to Thalassinoides burrows [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. The grain textures of these rock units, as well as the traces of Thalassinoides, suggest a shallow, highenergy environment, and in more particular sand shoals (Fig. 6.3; Table 6.1). The bioclastic material was mostly derived from patch reefs, which are referred to as Koronia Member. In contrast, the allochthonous calcarenites have been transported from the Troodos Ophiolites and/or the Mamonia Complex [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF][START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. Exposures of this facies are mainly located along the northern parts of Polis (34°47'16.07"N; 32° 54'53.99"E) and Limassol basins (34°43'19.76"N; 33° 1'2.19"E). 

Facies association 2

Fa 2A

Typically identified reefs onshore Cyprus have a circular shape attaining a width of 100 m and a thickness of 80 m (Fig. 6.6A). The primary frame builders of these reefs are the Porites sp. (Fig. 6.6C) which in some cases are abundant while in others their number decreases towards the top of the sequence, and they are replaced by Poritis sp. Secondary frame builders include red algae and small benthic foraminifera (miliolids, nummulitids, echinoderms, bivalves) which appear to floor grainstone and rudstone textures (Fig. 6.6A, 6.6B and 6.6D). Occasionally some reefs consist of allochthonous clasts probably derived from the Mamonia Complex (Fig. 6.6D). The presence of the in-situ corals (i.e., Porites sp.) reveals that these sediments deposited in a very shallow and protected euphotic environment (Fig. 6.3 and 6.6D and Table 6.1). The reefs have been dated as of early and late Miocene age. The early Miocene reefs (Terra Member) are identified only in the Polis Basin deposited in early Burdigalian and/or late Burdigalian times [START_REF] Follows | Tectonic Controls Miocene Reefs Related Carbonate Facies[END_REF][START_REF] Boudagher-Fadel | Illusory stratigraphy decoded by Oligocene-Miocene autochthonous and allochthonous foraminifera in the Terra Member, Pakhna Formation (Cyprus)[END_REF]. In contrast, the late Miocene reefs (Koronia Member) have been mostly recognized resting on top of Late Cretaceous sediments along the southern slopes of the Troodos mountains as well as in the southern coast of the Limassol Basin (i.e., 34°40'53.06"N; 32°49 '47.32"E). 

Fa 2B

The studied outcrops associated with Fa 2B facies present grainstone grading into wackestones rich in red algae (Fig. 6.7B [1]) and benthic foraminifera (Fig. 6.7B, i.e.,[2] crinoids and [3] Lepidocyclina)

and corals debris (Fig. 6.7C.and 6.8). Incisions, appear to cut this wackestone to grainstone units. The incisions are represented by 1-2 m thick structureless rudstone units with abundant bioclasts, bioturbation, benthic foraminifera (Fig. 6.7D; miliolids; [4]) as well as some allochthonous pebbles (Fig. 6.7E). These facies indicate a high-energy environment and the abundant red algae and coral fragments suggest a fore-reef setting (Fig. 6.3 and 6.7). Fore-reef deposits have been observed in a small distance from in-situ reefs of early Miocene age (i.e., Burdigalian; Terra Member), mainly in the Polis Basin (34°53'27.35"N, 32°21'56.77"E). 

Facies association 3 Fa 3A

Fa 3A consists of highly-bioturbated packstones, which are found intercalated with less bioturbated wackestones (Fig. 6.8A and 6.8B). Both packstones and wackestones are rich in benthic ( [1] Lepidocyclina, [2] Nummulites and [3] crinoids) and planktonic foraminifera ([4] Globigerina; Fig.

6.8C and 6.8D) as well as shell debris (Fig. Fa 4A corresponds to an alternation of bioturbated marlstone with packstones (Fig. 6.9A and 6.9b).

This unit is highly-bioturbated, with abundant foraminifera (benthic and planktonic) and shell debris (Fig. 6.9C). The packstones are cross-bedded and have sharp contacts with the laminated marls (Fig. 6.9A and 6.9B). The erosional contact at the base of the grainstone beds, and the gradual fining upwards to laminar marlstones suggest that this sedimentary facies corresponds to proximal slope turbidites; however, the absence of water escape-structures and sole-marks, suggest that these sediments correspond to calciturbidites (Fig. 6.3; Table 6.1). Previous works have defined that these sediments are Pakhna Formation equivalents, and are mainly exposed in the Limassol Basin. 

Fa 4B

Fa 4B is described by chaotic intervals, usually 3.5 m thick, which are composed of large, contorted fragments of laminated marls (Fig. 6.10A). These chaotic intervals occasionally pinch out on both sides, and are characterized by a basal shear zone (30-150 m long), and upward curved, or stepped, margins, indicating several distinct lobes. The Fa 4B has been interpreted to represent Mass Transport Deposits (MTDs; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Lee | Laterally contiguous, concave-up basal shear surfaces of submarine landslide deposits ( Miocene ), southern Cyprus : differential movement of subblocks within a single submarine landslide lobe[END_REF][START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF]. As slope deposits, the MTDs have different morphologies and geometries that can be related to pre-deformation conditions (e.g., different degrees of lithification, different porosity and water content, different composition, and/or variations in organic matter content). The MTDs have mainly been identified in the western and eastern sides of the Limassol Basin. In the western part of the Limassol Basin the MTDs are found along the recently constructed Limassol-Pafos highway (Fig. 6.10B; 34°41'34.66"N; 32°51'53.47"E) as well as in an outcrop 4 km north from Anogyra village (Fig. 6.10 A; 34°45 '13.72"N; 32°41'12.99"E). The studied outcrops are oriented in NE-SW or NW-SE direction (Fig. 6.10B), which is oblique to the inferred paleoslope direction as it is introduced by [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF] and [START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF]. Biostratigraphy results from Lee and Stow (2007), [START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF] and [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF] have shown that the MTDs are interbedded with late Miocene sediments. To the eastern part of the Limassol Basin, these landslides also correspond to late Miocene sediments because they are found below the bioclastic shoal deposits which are referred to as the Koronia Member equivalent. 

Fa 4C

Fa 4C consists of bioclastic grainstones, which fine upwards, and are intercalated with marl laminations (Fig. 6.11A and 6.11B). The whole unit is highly-bioturbated and contains abundant planktonic foraminifera (Fig. 6.11A and 6.11D). Moreover, the grainstones are cross-bedded, while the sedimentary structures faint upwards. These features, combined with the small cyclic sequences, seem to agree with the description that was given by Stow and Lovell (1979) and [START_REF] Stow | Fossil Contourites:type example from an Oligocene paleoslope system,Cyprus[END_REF] for contourite systems (Fig. 6.3). The interbedded marly units have been interpreted as calcilutic contourites formed by weak or moderated currents (Duan et al., 1993 summarised in Kähler and[START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF]. [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF] have shown strong evidence for contourite deposition from the early (eastern part of the island) and late Oligocene (western part of the island) until the early Miocene.

Biostratigraphy analysis (outcrop near Korfi village, Fig. 6.1 and 6.3) revealed the presence of Sphenolithus belemnos which is mainly restricted to the Burdigalian intervals (NN3). 

Facies association 5

Fa 5A

This facies (Fa 5A) consists mainly of thin, alternating beds of wackestone and marls, interbedded with some bands of packstone (Fig. 6.12A). All of the packstones and wackestones are highly bioturbated, with benthic and planktonic foraminifera and bioclasts (Fig. 6.12B -6.12D). These outcrops are well described by [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF] and are referred to as Basin-plain Association. In particular, they described these sediments as off-white with a high planktonic/ benthic foraminifera ratio (i.e., 85-95% [START_REF] Eaton | Carbonate platform to basin transitions on seismic data and in outcrops: Great Bahama Bank and the Maiella Platform margin, Italy[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. The bioturbation is characterized by Zoophycos, Chondrites and Planolites suggesting a deep-water setting (e.g., open shelf; 700-1100 m; [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. This facies is exposed in several outcrops in Limassol

Basin and marks the most common appearance of Pakhna equivalent. 

Fa 5B

Fa 5B consists of wackestones intercalated with marl that usually form 150 m high cliffs onshore Cyprus (Fig. 6.13A and 6.13B). These sediments have been described by [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF] in outcrops

near the Lefkara village whereas during the present study they have been described near the Margi village (35° 1 '47.86"N; 33°19'30.83"E) and they represent deep pelagic sediments of Paleogene age (Fig. 6.2, 6.3 and Table 6.1). Wackestone with an abundance of planktonic foraminifera, few benthic interbedded with chert bands and nodules (silicified calciturbidites).

Basinal setting III Basin Analysis

Polis Basin

The Polis Basin is located in the western part of Cyprus and it is 23 km long (east-west) and 20 km wide (north-south) (Fig. 6.2 and 6.15;[START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF].

Detail mapping of the Polis Basin led to the recognition of several stratigraphic units. Late Cretaceous to more recent marine and non-marine sediments partly fill the basin and are presented in a composite lithostratigraphic chart in Fig. 6.16. Each lithostratigraphic package has a variable thickness, which reflects: (a) lateral and vertical variations in the depositional architecture, (b) syn-and postdepositional faulting and (c) erosion.

The oldest formation in the Polis Basin is the Kathikas Formation which is composed of Late Cretaceous allochthonous sediments derived from the Mamonia complex. The Paleogene carbonate sedimentation corresponds to the Lefkara Formation and is represented by the Chalk and Chert and Chalk units (Fig. 6.15). On top of the Lefkara Formation, the Miocene units reflect a sequence of mainly hemipelagic chalks, reefs and shallow-water calcarenites (Fig. 6.15). The reefs that are identified in the Polis Basin correspond to either Terra or Koronia Member (Follows and Robertson 1990). The Aquitanian-Burdigalian Terra Member can be observed in small outcrops throughout the Pegeia and Androlikou quarry (Fig. 6. 15 and 6.16). In contrast, the late Tortonian Koronia Member reefs are localized along highs on both the eastern and the north-western part of the basin (Akamas Peninsula and Peristerona block; Fig. 6.15 and 6.16). The overlying Kalavasos Formation is mainly outcropping in the center of the Polis Basin (Fig. 6.15 and 6.16). From borehole data (Fig. 6.16;APPENDIX;1994/v18;1994/v10; 2004/015; Geological Survey Department of Cyprus) and outcrop evidence, neither the north of the Polis Basin nor the Pegeia region appears to have any gypsum deposits (Fig. 6.15 and 6.16). The Nicosia Formation in the Polis Basin is represented by fine-grained calcarenites on the marginal areas and grey marls in the center of the basin (Fig. 615 and 6.16). On the eastern and the western flanks of the Polis Basin, the Pliocene rock interval is absent, and the Pakhna Formation directly overlies the Pleistocene sediments (Fig. 6.16).

Figure 6.15:

A simplified stratigraphic log that is illustrating the main formations found in the Polis Basin (based on maps from the Geological Survey of Cyprus from [START_REF] Pantazis | Cyprus evaporites[END_REF].

Two cross-sections in an SW-NE direction, crossing the Polis Basin were constructed in order to investigate the geometry and the sedimentary filling of the basin (Fig. 6.17 The spatial distribution of the formations within the basin led us to propose four structural units (Fig.

6.16

). To the west, the topography of the basin (i.e., the Structural Unit 1-Pegeia region) is controlled by N-S trending thrusts (Fig. 6.16). This area experiences significant differential uplift and erosion, and this is evident by the exposure of the Late Cretaceous sediments as well as their juxtaposition to the early Miocene units [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. Similarly, to the north (i.e., Structural Unit 2-Akamas Peninsula), a serpentinite belt is exposed and juxtaposes the Pleistocene marine terraces while the late Miocene reefs are occasionally sitting on top of the Mesozoic sediments which is referred to as Mamonia Complex (Fig. 6.16). The largest Structural Unit 3 in the Polis Basin is referred to as "Polis

Graben" and corresponds to an asymmetrical depression NNW-SSE oriented that is approximately 20 km at its widest point (Fig. (see the location on the map Fig. 6.16).

Sedimentological Results

Structural Unit 1 (Pegeia region)

Located in the western part of the Polis Basin, the Pegeia region is bounded to the northeast by the Kathikas Formation which is juxtaposed to the Quaternary marine terraces. The boundary between the Lefkara and Pakhna formations found in this region is unconformable. For instance, the Late Cretaceous sediments are overlain by the Miocene Formation while the Paleogene succession (Lefkara Formation), is locally absent (Fig. 6.18). This contact also appears to be diachronous. Hence, towards the coastline, the early Miocene sediments rest unconformably on top of the Lefkara Formation (Fig. 6.18) while towards the east (i.e., Kathikas village; Fig. 6.15 and 6.17 and 6.18) the Lefkara Formation pinches on the slopes of the Cretaceous Kathikas Formation. Hence, the Miocene sediments are sitting directly on top of the Cretaceous strata (Fig. 6.18 and 6.19). 

Cretaceous

The lowest part of the investigated section (from 0 to 40 m, in Fig. 6.20A) is composed of poorly sorted brownish to grey clasts supported by argillaceous matrix. The beds of this interval are 1-3 m thick, and they can be defined by the variation in the size of clasts and fabrics, or the interbeds of pelagic chalks (Fig. 6.20A; [START_REF] Swarbrick | The Kathikas Melange, SW Cyprus; Late Cretaceous submarine debris flows[END_REF]. These sediments correspond to Kathikas Formation and are deposited in a deep marine bathyal setting as a result of gravitational forces. The pelagic interbedded units composed of chalk contain coccolith fragments and foraminifera dated back to late Maastrichtian indicating pauses in debris flow sedimentation [START_REF] Urquhart | Biostratigraphy of the supra-ophiolite sediments of the Troodos Massif, Cyprus: the Cretaceous Perapedhi, Kannaviou, Moni and Kathikas formations[END_REF][START_REF] Morse | Biostratigraphical constraints ( calcareous nannofossils ) on the Late Cretaceous to Late Miocene evolution of Cyprus[END_REF] 

Paleogene

The Cretaceous interval is overlain by a sequence which consists of alternations of wackestone to mudstone beds, with pelagic foraminifera (40-120 m, in Fig. 6.20A and 6.20B). Biostratigraphy results have shown that these sediments were deposited during the early Eocene [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF]. The chalks are occasionally alternated with chert bands and they dip slightly (14°) to the west (40-100 m, in Fig.

6.20B

). The micritic limestone is progressively fining upwards, and the very top of the section consists of laminated marls (0.05 m) with abundant pelagic foraminifera (100-120 m) indicating deep marine sediments (Fa 5C; Table 6.1).

Early Miocene

The Eocene-Miocene contact in the Pegeia region is occasionally erosive, marked by a conglomeratic lag of about 0.5 m thickness, consisting of carbonate matrix mixed with allochthonous clasts and suggesting karstification (Fig. 6.20C). The overlying unit (120-150 m, in Fig. 6.20A and 6.20D) is composed of thinly-bedded (0.2 m to 0.3 m), well-bioturbated, bioclastic packstones, which are alternated with laminated mudstones.

The alternations of packstone to mudstones are occasionally cut off by channelized conglomerate sheets (1-2 m thick), with an abundance of red algae fragments and bioclasts. The presence of the calcareous nannofossils such as Sphenolithus heteromorphus (restricted to Nannofossil Zones NN5-NN4), Helicosphaera ampliaperta, and H. scissura confirms an early Miocene age (Burdigalian; NN4a). These units, have been described in several locations (near Kathikas Village: 34°53'45.58"N, 32°23'6.74"E; Pegeia village: 34°53'27.70"N; 32°21 '16.46"E), and are interpreted as having been deposited in a quite agitated, fore-reef setting, favoring gravity-driven processes along the slope. This facies association is referred to as Fa 2B (Table 6.1) and has been described along the western Mediterranean region by [START_REF] Brandano | The Oligocene -Miocene stratigraphic evolution of the Majella carbonate platform[END_REF].

The fore-reef facies evolve into a 20 m-thick unit of highly-bioturbated packstone to wackestone textures (Fig. 6.20D). The base of this unit consists of thin parallel beds, whereas its uppermost part is cross-bedded. Moreover, the contacts between the wackestone and packstone beds are marked by erosional surfaces. The small number of red algae debris and the absence of corals suggest a deepening of the depositional environment. These sediments have been interpreted as open-shelf deposits (Fa 3A).

In-situ early Miocene reefs (Fa 2A; Table 6.1) have been identified along the south-western coastline of Cyprus and near Androlykou village (Fig. 6.16). The majority of these reefs appear to be 50 m thick, with few signs of deformation (i.e., breccia) that occur due to younger tectonic activity.

Middle Miocene

A shift towards creamy well-bioturbated marlstones to packstones occurs at 200 m and continue up to 280 m (Fig. 6.20A and 6.20E). Biostratigraphy results have shown that these sediments persist from the Langhian until the Tortonian and correspond to the Pakhna Formation. In the Pegeia region, these chalks are intercalated by reworked material of early Miocene age (Fig. 6.15;[START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. Bioturbation, foraminifera (benthic/pelagic) and shell debris are abundant in the whole unit.

Also, there are some grainstone intervals indicating high-energy conditions during the deposition. This facies has been interpreted as open shelf deposits with some channel incisions (Fa 3A; Table 6.1). 

Structural Unit 2 (Akamas Peninsula)

Located in the north-western part of Polis Basin, the Akamas Peninsula correspond to a serpentinite belt which is found on top Mamonia Complex through a series of thrusts (Fig. 6.16;[START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF].

Cretaceous

The allochthonous rocks of the Mamonia Complex are characterized by volcanic breccias (Loutra tis Aphroditis Formation) intercalated with pink calcilutites and radiolarian mudstones (Fig. 6.16 and 6.21C)

Miocene

On top of grey Mesozoic sediments reef limestones were identified (Fig. 6.21A and 6.21B). The contact between the Upper Cretaceous sequence and the Miocene reefs is marked by an erosional surface suggesting a hiatus in the sedimentation (Fig. 6.21C). The reefs are 60 m thick and are mainly composed of boundstone intervals with corals (i.e., Porites sp.; Fig. 6.21D), and red algae.

In an investigated outcrop to the northern part of Polis Basin (35° 1'36.80"N; 32°19'39.60"E) it has been noticed that the base of the reefs (0-10 m) consists of red algae fragments, corals, bioturbation and greyish beds of clay. The next unit comprises massive boundstones (3-5 m thick) with abundant corals, shell debris red algae, benthic foraminifera and some patches of allochthonous pebbles probably derived from older rocks (Fig. 6.21D). The irregular wavy poritid sheets are alternated with thin marl to packstone beds. These beds should correspond to deeper facies and most probably to the fore-reef facies (Fa 2B; Table 6.1). Based on the presence of Orbulina in the marly units [START_REF] Follows | Patterns of reef sedimentation and diagenesis in the Miocene of Cyprus[END_REF] first dated this structures and named them as the Koronia Member. 

Structural Unit 3 (Polis Graben)

To the eastern edge of the Kathikas plateau NNW-SSE striking faults, dipping toward the north-east are observed (Fig. 6.22). These faults subside the Pakhna and the Messinian formations between the villages of Theletra to Kritou Tera and Pano Akourdalia (Fig. 6.16) and create an NW -SE depression which is known as the Polis Graben (Fig. 6.16). In the "Polis Graben," Pliocene shallow marine [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF], as well as Quaternary nonmarine to coastal deposits [START_REF] Poole | Quaternary uplift and sea-level change at an active plate boundary, Cyprus[END_REF]1998;2000) (34°57'6.77"N; 32°25'43.89"E).

Miocene

The most profound unit in the borehole corresponds to Miocene marly chalk that has been interpreted as open shelf deposits (Fig 6 .23A; Fa 3A; Table 6 

Messinian

The transition from the Pakhna to Kalavasos formations (Fig. 6.23A and 6.23B) is found at 220 m below ground level (bgl), where whitish marly chalks pass to the thinly laminated gypsum (Fig. 6.23B).

The Messinian is presented by 50 m of gypsum that are found between 150-220 m bgl. Although the description of the borehole is only brief, outcrop evidence found in the center of the basin, reveal that the Kalavasos Formation is represented by parallel-laminated (Marmara) gypsum and massive finegrained (alabaster) gypsum.

Pliocene

At 135-150 m bgl, a set of thinly bedded limestones with allochthonous pebbles marks the end of the MSC. These are succeeded by 130 m of grey marl with bivalves which indicate a shallow marine restricted environment (Fig. 6.23C and 6.23D; Fa 1B; Table 6 The eastern flank of the Polis Basin is referred to as Pelathousa-Peristerona block (Fig. 6.16) and is located 10 km to the east of the Akamas Peninsula (Fig. 

Paleogene

Chalk and Chert Unit is identified in borehole data and is illustrated in the cross-sections of Fig. 6.17.

Similar to the other Paleogene sediments found onshore Cyprus these sediments were most probably deposited in deep marine settings (Fa 5B and FA 5C; Table 6.1)

Miocene

The lower part of the Miocene interval is investigated near Evretou dam (Fig. 6.16 and 6.26B; (34°58'36.30"N, 32°28'24.60"E). It is composed of alternating highly bioturbated bioclastic packstone to grainstones with whitish cross-bedded wackestones (Fig. 6.26A). The alternation of high energy and low energy facies might correspond to small cycles that indicate flooding and shallowing of the region.

The packstones are rich in red algae (Fig 6.26C [2]), small benthic foraminifera (Fig. 626C [1], and 6.26D [4]), echinoderms, bivalves and gastropods (Fa 1B; Fig. 6.26C and 6.26D) and are interpreted as sand shoal deposits (Fa 1B; Table 1). Biostratigraphy studies have shown that these layers represent a Serravallian sequence. This is based on the presence of Cyclicargolithus floridanus (NN7a or older) age and the absence late Miocene assemblage. Furthermore, the biostratigraphy results have shown poor presence S. heteromorphus (NN5 -NN4) and Z. bijugatus (NN2a) which is early Miocene nannofossil and is interpreted as reworked material that has been deposited contemporaneously with the Serravallian succession.

Moving upwards in the sequence, we observed that the Miocene unit is composed of massive limestone structures which are characterized by thick (3-5 m) alternated, porous rudstone to grainstones (Fig. 

Tectonostratigraphic Evolution of the Polis Basin since the Cretaceous

The two cross-sections, combined with the sedimentological results and our existing knowledge about the region, point out that the evolution of the Polis Basin is controlled by thrusts verging towards the south-west. Piggyback basins are usually formed on the wedge-top of a foreland basin since new thrusts cut up through the existing footwall while it is separated from the deep basin by an anticline or an syn-depositional growth structure [START_REF] Ori | Sedimentary basins formed and carried piggyback on active thrust sheets[END_REF][START_REF] Zoetemeijer | Modelling of piggyback-basin stratigraphy: Record of tectonic evolution[END_REF]. Having this definition in mind, we propose that the Polis Basin is a piggyback basin formed on the wedge-top of the Cyprus thrust belt. Detailed reconstructions of the basin, including facies distribution, will be used in order to constrain the timing of deformation since the Cretaceous. Having applied such workflow on field outcrops, we can generalize such findings on similar piggyback basins found in the offshore and described only by means of seismic so far.

Late Cretaceous to Oligocene

The formation and the obduction of Troodos Ophiolites during the Late Cretaceous as a result of the convergence between the African and Eurasian plates was followed by the juxtaposition of the ophiolites with the Mamonia Complex [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF][START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF]. The collision of the two microplates resulted in the intense deformation of the region and erosion of the Mamonia Complex. In the Polis Basin, this event is recorded by northward dipping thrusts along the southern slopes of the Troodos Mountains, as well as the deposition of the Kathikas Formation.

The early phase of sedimentation occurred in the late Maastrichtian [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF]Fig. 6.27A) and is marked by the pelagic sediments of Lefkara Formation. These sediments are found directly on top of the Mesozoic sediments (referred to as Troodos Ophiolites and/or Mamonia Complex) all over the island. Hence, it is assumed that the Polis Basin was a part of a deep basin with the nearest land being further north and represented by the Taurus Mountains of southern Turkey (Fig. 6.27A; Robertson, 1975).

Oligocene -early Miocene

From the late Oligocene to the early Miocene, the Eastern Mediterranean experienced a regional uplift coeval to a long-lived lowstand [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF]. The timing of this uplift coincides with the southward thrusting observed in the southern part of Cyprus and is linked to the collision of African and Eurasian plates [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF]Robertson, 1998;[START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Dargahi | Petrogenesis of post-collisional A-type granitoids from the Urumieh-Dokhtar magmatic assemblage, Southwestern Kerman, Iran: Constraints on the Arabian-Eurasian continental collision[END_REF]. The inferred uplift in the Polis area is identified by blind thrusts and karstification on top of the Lefkara Formation exposed locally, near the Kathikas village (Fig. 6.18 and 6.20B). It seems that the Late Cretaceous thrust which was bounding the Troodos Ophiolites propagated further to the south-west near Kathikas village. This thrust (near Kathikas village see location in Fig. 6.16) became the southwestern margin of a newly formed basin (Fig. 6.27B). 4 These reefs (i.e., Terra Member) were mainly formed on the margins. It is possible that the early Miocene corresponds to a tectonically active period since reworked material from Cretaceous (Kathikas Fm) and Oligocene (Lefkara Fm) formations are found in the early Miocene sediments. The fore-reef facies identified in an NW-SE trending zone parallel to the linear trend of the reef patches (Fig. 6.27B). Although there are no signs for the direction of the paleoslope, the borehole data (borehole 1980/076, APPENDIX) suggest that the high energy fore-reef sediments evolved into shelf low energy deposits in the center of the Polis Graben. Hence, it is suggested that during this period the northern margin of Polis Basin was located along the southern slope of Troodos Mountains whereas its southern margin was an NW-SE trending zone along the present-day coastline (Fig. 6.27B).

Langhian to Tortonian

During the Langhian, a global sea-level rise occurred [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In the Polis Basin, the bioclastic shallow marine sediments with fore-reef and reefal facies were succeeded by open shelf deposits including neritic sediments (Fig. 6.27C). The two studied outcrops of the Pakhna Formation have shown that the region was characterized by unstable conditions. In particular, the microscale analysis revealed that the middle Miocene sediments were floored with reworked early Miocene material (i.e., C. fenestratus, Z. bijugatus, and S. dissimilis).

Only sea-level rise, cannot explain the deepening of this region, and it is unlikely that no tectonic activity was involved in the sedimentary evolution of the basin during this period. [START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF] suggest that the dominant deformation mechanism is connected with an extensional regime expressed by large normal faults on the flanks and is related to slab rollback of the northward subduction of the African plate during the Miocene. Indeed, during our field studies, we observed east of the Kathikas high/plateau NNW-SSE normal faults cutting Pakhna beds (Fig. 6.16). These faults have been interpreted by [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF] as pronounced escarpments associated with gravitational forces and not as deep structures.

A possible mechanism that should be considered is the tilting of the basement. The tilting of the basement might have been occurred due to the SW propagation of the thrust belt and the contemporaneous uplift of the southern slopes of the Troodos Mountains. As a consequence, some gravitational faults were created in the center of the basin which was covered by relatively deeper sediments. In contrast, the north-eastern flank of the basin (near the slopes of Troodos Mountains) was covered by sand shoal deposits which were prograding to the south-west (Fig. 6.27C). Taking all these parameters into account, during the present study we consider that this would be the primary triggering mechanism for the subsidence of the basin.

Nevertheless, we should not neglect the fact that the key factor in the creation of local accommodation in piggyback basins is the tectonic activity of the upstream thrust sheet and the subsequent migration of the depocenter [START_REF] Zoetemeijer | Modelling of piggyback-basin stratigraphy: Record of tectonic evolution[END_REF]. Usually, the depocenters in piggyback basins migrate towards to the fore deep as a result of the propagation of the thrust belt. Out of phase thrusting (back thrust) can lead to the migration of the depocenter towards the inner land. Thus, further investigation should be undertaken in order to examine the mechanisms of subsidence during this period.

Late Tortonian

During the late Tortonian, reefs (Koronia Member) have been developed along a linear trend in the eastern (Pelathousa) and the western flanks (Akamas Peninsula) of the Basin (Fig. 6.28D). The deposition of the Koronia Member should be connected with a late Miocene thrust activity which propagated towards the SW (Pafos Thrust) and/or the sea-level drop before the MSC [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF].

The thrust activity at the slopes of Troodos Mountains is thought to be ceased during this period since the thrust faults in the Pelathousa Region are sealed by the Koronia Member (Fig. 6.28D).

Messinian

The Tortonian was followed by the MSC and the deposition of Kalavasos Formation [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF][START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. [START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF] and [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF] through a series of structural studies conducted in the western part of Cyprus suggested that late Miocene to Pliocene extensional events led to the reactivation of earlier NNW-SSE-faults dipping to the NE and SW and as a consequence the creation of a small graben in the center of the basin.

Our sedimentological and structural studies partly agree with [START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF], [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF] and [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. In particular, the extensional faults in the western flank of Polis Graben have been well identified (Fig. 6.16). In the eastern flank, no extensional traces before Pleistocene have been identified. Nevertheless, the presence of Messinian evaporites on top of the neritic carbonates of Pakhna Formation as well as the thick sequence (150 m) of Pliocene marine sediments in the center of the basin [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF], led us to propose the formation of a N-S asymmetrical depression during the post Tortonian period (Fig. 6.17). This NW-SE depression formed within the present-day Polis valley (Structural Unit 3;Fig.;6.16 Follows, 1990 andPayne andRobertson, 1995) and was controlled by normal gravitational faults that created during after the tilting of the basin due to the propagation of the thrust belt (Fig. 6.16 and 6.28E).

Field observations confirmed that each part of the Polis Basin did not record the MSC in the same manner. The Kalavasos Formation is absent from the northern part of the Polis Graben as evidenced by karst and the deposition of locally-derived fluvial and sub-aerial deposits [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. In addition, within the eastern and the western flanks of the graben the Miocene carbonates are directly overlain by the Pleistocene deposits without any evidence of Messinian or Pliocene sedimentation (Fig.

6.28E

). In contrast, the southern part of the inherited graben in the center of the basin was submerged and filled with the Messinian evaporites as indicated by the presence of outcropping laminated gypsiferous marls and gypsum in the boreholes (Fig. 6.23 and 6.28E).

During the Pliocene, the deposition of evaporites was followed by the inundation of the basin with sea waters (Robertson, 1998d;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. The increased thickness of the Nicosia Formation towards the center of the Polis Graben (cross-sections; Fig. 6.17) and its absence from the Pegeia region and Akamas Peninsula reflects the infill of the existing basin.

The deposition of shallow water calcarenites within the Polis Graben during the late Pliocene and early

Pleistocene combined with the non-deposition elsewhere reflects the first stages of the general uplift of Cyprus [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The continuous shallowing during this time can be linked with the southward propagation of the thrust activity and thus the migration of the depocenter towards the foredeep. It is assumed that the youngest thrust-sheets are located offshore and are the equivalent of the Cyprus Arc. 

Limassol Basin

Located in southern Cyprus, the Limassol Basin is bounded by the Yerasa Fault System the Limassol Forest Block and the Troodos Ophiolites to the north (Fig. 6.29). The Yerasa Fault System has been described as an early to middle Miocene group of faults which extend from the Agios Mamas up to Moni villages (Chapter 2.4.3: Fig. 6.29;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The southern boundary of the Limassol Basin is probably located offshore Cyprus and is marked by the Akrotiri High which is now buried under the Pliocene sediments (Chapter 2.4.3). The Akrotiri High is trending in the same direction with the Yerasa Fault System and has been described as a thrust system controlled by a basement high [START_REF] Mccallum | Seismostratigraphy and Neogene-Recent depositional history of the south-central continental margin of Cyprus[END_REF]. To the west, the Limassol Basin is separated from Polis Basin by a transverse zone which extends along the Xeropotamos River (Fig. 6.1 and 6.29).

Detailed mapping of the Limassol Basin and its adjacent margins led to the construction of a composite stratigraphic log that represents the main lithostratigraphic units (Fig. This section will be focused on the stratigraphic contacts between the main formations that are described above as well as three composite sedimentary logs: the Paramali log (Fig. 6.40 and 6.41) in the western flank, the Koilani log to the north (Fig. 6.40 and 6.41) and the Armenochori log at the eastern side of Limassol Basin (Fig. 6.40 and 6.41).

The three sedimentary logs will be then correlated in order to document the sedimentary infill and the stratigraphic architecture of the basin and further understand the interplay between tectonics and eustatism during the Miocene. 

Sedimentological Analysis

Southwest of Limassol Basin

Cretaceous -Paleogene

The south-western margin of the Limassol Basin extends from the Paramali village up to the Petra tou Romiou (Fig. 6.29) where brownish siliciclastic and volcanogenic sediments (referred to as Mamonia Complex) are overlain by chalky limestones with chert nodules (referred to as Lefkara Formation; Fig.

6.31A

). The contact between the Cretaceous and the younger Paleogene sediments can be defined by the change in color between the strata. Near Petra tou Romiou location (34°39'50.48"N; 32°38 '13.30"E), the contact between the two formations is unconformable, indicating a time gap (Fig.

6.31B

). No evidence of karstification has been observed, but the Cretaceous rock unit is overlain by deformed chalky limestones (Fig. 6.31C). The presence of the Chalk and Chert Unit (FA 5C; Table 6.1) indicates that at least during the Eocene this region was under deep marine settings (Fig. 6.31C).

Moreover, the Lefkara Formation is occasionally pinching on the paleoslopes of the Mamonia Complex (Fig. 6.31). This observation combined with the deep pelagic conditions that occurred during the Paleogene suggest an uplift and subsequent erosion of the younger Chalk and the Upper Marl Member after their deposition. 

Paleogene -Miocene

The chalky limestones with chert nodules are overlain by rudstone breccias with occasional coral fragments (Fig. 6.32). Although no contact has been found between the Paleogene and the Miocene formations, we assume that this abrupt change in the lithology is also marked by a sharp erosional surface (Fig. 6.32). The contact between the Lefkara and Pakhna formations is faulted and not observed and, thus, its exact age cannot be defined. However, the base of this log is thought to represent the early stages of Pakhna Formation in the Limassol Basin. The lowest interval in this log (0-10 m) is marked by highly bioturbated bioclastic grainstones with intraclasts, alternating with thin beds of mudstone (0.1 m). This interval has been interpreted as bioclastic shoals (Fa 1B; Table 6.1) and the measurements of the dip direction have shown that are prograding to the NE (60 𝑜 ).

At the base of the log a major change in texture occurs and the bioclastic sands pass (between 10 and 40 m, Fig. 6.40A and 6.41A) to fine-bedded m/w (0.1-0.3 m) with bivalves, common benthic and pelagic foraminifera, as well as bioturbation (34°39'41. 10"N; 32°48'26.50"E). These sediments are interpreted as open shelf deposits (Fa 3A; Table 6.1) suggesting a deepening of the depositional environment (Fig. 6.33A and 6.33 B).

The open shelf deposits are overlain by alternations of thickly-bedded bioclastic floatstones, (0.5-1 m) composed of coral debris, red algae and benthic foraminifera with highly-bioturbated wackestones 0.2 m thick (40)(41)(42)(43)(44)(45)(46)[START_REF] Bertello | Egypt: Zohr, an Outstanding Gas Discovery in a New Deep-Water Hydrocarbon Play[END_REF](48)(49)(50)in Fig. 6.40A and 6.41A;34°40'23.56"N;32°49'10.61"E). The contacts between the wackestone and floatstones are erosional, and the whole unit has been interpreted as fore-reef deposits (Fa 2B; Table 6.1; Fig. 6.33C and 6.33D).

Another fine-grained unit in Fig. 6.40A and 6.41A;34°40'31.01"N;32°49'26.02"E), comprised of alternating wackestone and mudstones (0.2 m) with abundant bioturbation and foraminifera, overly the fore-reef sediments (Fa 3A; Table 6.1; Fig. 6.33E and 6.33F). The (Fa 3A) open shelf deposits are topped by a channel incision (at 80-95 m), which is filled with floatstone that is rich in bioclastic coral debris and benthic foraminifera (Fa 2B; Table 6.1; Fig. 6.33G).

The fore-reef and reef limestones are overlain by thin (0.3-0.4 m) alternating wackestone to mudstone beds, which are well bioturbated and rich in foraminifera, suggesting shallow marine conditions (Fa 3A; Table 6.1; 95-140 m, in Fig. 6.40A and 6.41A). This unit shows progressive upward shallowing and is overlain by a set of bioclastic floatstones, containing an abundance of coral debris, red algae, and benthic foraminifera, such as Lepidocyclina (Fa 2B; Table 6.1; Fig. 6.33G). The floatstone beds are occasionally interbedded by brecciated units (140-145 m), with coral fragments and red algae (Fig.

6.33G

). On top of the fore-reef sediments small patches of reefs have been observed (Fig. 6.34A, 6.40A and 6.41A).

The next unit (165-440 m, in Fig. 6.40A and 6.41A), is composed of fine-grained well-bioturbated wackestones, rich in foraminifera (Fa 5A; Table 6.1). The wackestones are interbedded with moderately-bioturbated packstones that fine upwards, passing into highly-bioturbated marls, suggesting turbiditic deposits. In general, this unit is perceived to have been deposited in a slope to basinal setting (Fa 4A and B;Fig. 6.34B). Slope deposits do not show a wide lateral continuity, and they are cut by chaotic intervals of mudstone to wackestone sediments ([at 170-175, 180-185, and 195-210 m; 34°40'42.91"N, 32°48'7.51"E]; Fa 4B; Table 6.1; Fig. 6.34B and 6.34C). Based on the presence of Globigerina praebulloides, Globigerinoides ruber, G. trilobus, and Orbulina suturalis a late Miocene age is suggested (early Tortonian; N10-N11).

The next unit (440-480 m, in Fig. 6.40A and 6.41A) measured south of Sotira village (34°42'33.80"N; 32°51'25.20"E) corresponds to moderately-bioturbated, bioclastic wackestone to mudstone textures, with some benthic foraminifera, suggesting an open shelf depositional environment (Fa 3A; Table 6.1; Fig. 6.34C).

The overlying chalky limestones pass into bioclastic packstones rich in benthic foraminifera, which in turn is grading into bioclastic grainstones. This interval corresponds to bioclastic sand shoals (Fa 1B;Fig. 6.34D and 6.34E;(480)(481)(482)(483)(484)(485)(486)(487)(488)(489)(490)in Fig 6.40A and 6.41A). The bioclastic sands (Fa 1B; Table 6.1) appear to prograde to the NE, and they are topped by laminated marls (1-2 m thick). This cycle of sediments grades into brecciated limestones composed of coral fragments, benthic foraminifera, and red algae. The same cycle is observed in the overlying unit (490-500 m, in Fig. 6.40A and 6.41A).

Alternations of bioclastic wackestones to packstones, which are well-bioturbated and rich in benthic foraminifera, are observed in the following unit (Fa 3A; 500-525 m, in Fig. 6.40A and 6.41A). The chalky limestones evolve into massive beds that are composed of red algae and coral fragments, suggesting the transition to a reefal setting (Fa 2B; 525-540 m, in Fig. 6.40A and 6.41A).

The next unit is characterized by intercalations of highly-bioturbated wackestones and mudstones, with an abundance of bioturbation and planktonic foraminifera (Fa 3A; 540-680 m, in Fig. 6.40A and 6.41A). These sediments are occasionally interrupted by a large brecciated surface and they change into massive, bioclastic grainstones (590-595 m, in Fig. 6.40A and 6.41A). This unit is interpreted as bioclastic sands (Fa 1B; Table 6.1) and suggests a shallowing of the depositional environment in the area.

Finally, another significant change in the sedimentary facies was noted, south of the Pakhna village (34°46 '10.14"N; 32°45'23.44"E) and the bioclastic sands (Fa 1B; Table 6.1) are evolved into open shelf deposits (Fa 3A; Fig. 6.35A). These sediments coarsen upwards and pass into another massive grainstone to rudstone unit (680-720 m, in Fig. 6.40A and 6.41A). An erosional surface has been observed between the two lithofacies (Fig. 6.35A and 6.35B). The base of the grainstone to rudstone unit is dominated by conglomerates, which include reworked, rounded pebbles. The conglomerate grade into boundstones and rudstones, which are mainly composed of bioclasts, corals and red algae debris (Fa 2A; Fig. 6.35C). 

Paleogene -Miocene

An outcrop near Koilani village is composed of monotonous, marly chalks rich in foraminifera which are interpreted to be deposited in a deep marine setting (FA 5B; Table 6.1). These sediments might correspond to the Upper Marl Member of Lefkara Formation [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF].

The contact between the Lefkara and Pakhna formations in the northern flank of Limassol Basin has been identified near Korfi village (Fig. 6.36A and 6.36B; 34°50 '15.52"N; 32°51'31.12"E). In this outcrop, muddy limestones with abundant pelagic foraminifera are overlain by clays alternated with bioclastic packstone to grainstone beds (Fig. 6.36A). The contact between the two units corresponds to an unconformity showing a hiatus in sedimentation during the Burdigalian. In particular, the nannofossil analysis of sample N36 has demonstrated that it is composed of Oligocene, Aquitanian -Chattian boundary nannofossil assemblage whereas sample N39 consists of a middle Miocene (Serravallian) nannofossil assemblage (Fig. 6.36A).

Miocene

The first 20 m above the unconformity show an alternation of clays (0.1 m) with cross-bedded, bioclastic, dolomitized grainstones (0.2 m; Fig. 6.36A and 6.40B). The laminated clays show traces of mud-cracks and flat pebbles, while, at the base of the section, the grainstones show traces of megaripples (Fa 1A; Table 6.1; Fig. 6.4C and 6.36D). The dolomitized limestones evolve into fine-grained packstone to grainstones, abundant in bioclastic content (such as gastropods). They also show traces of bioturbation, while the benthic/planktonic foraminifera ratio appears to be high. These sediments are interpreted as tidal (Fa 1A; Table 1) to subtidal deposits and are 20 m thick (Fig. 6.9 and 6.36A; see from 170-190 m in the log Fig. 6.40B). On top of the subtidal deposits, another unit of thickly bedded grainstones, rich in bioclastic content, is observed (190-200 m, in Fig. 6.40B).

The following unit is characterized by alternations of wackestone to packstones, with some bioturbation and bioclastic content. These textures are also occasionally interbedded with bioclastic grainstones (0.5 m) and have been interpreted as open shelf shallow marine sediments (Fa 3A; Fig. 6.37B and 6.37C; 34°49'37.40"N; 32°48'1.90"E). The overlying unit consists of packstones, rich in bioclastic content, red algae debris, and benthic foraminifera, such as miliolids. The packstones are fining upwards into mudstones which in turn is overlain by another packstone layer (Fig. 6.37C, 240-280 m; in Fig. 6.40B). The transition from the mudstone to the packstones is marked by erosional surfaces (Fig. 6.37C and 6.37D). According to our interpretation, these sediments correspond to turbidites (Fa 4A; Table 6.1). The turbiditic sequences do not show lateral continuity, and they are occasionally cut off by massive, deformed marlstone to wackestone intervals (Fa 4B). For instance, between 270 and 280 m, in the sedimentary log (Fig. 6.40B; 34°48'26.07"N; 32°47'33.97"E), a massive chaotic interval has been described (Fig. 6.37D).

Next, highly-bioturbated grainstones (0.3 m thick) fining upwards change into micritic chalks, are observed (280 and 360 m, in the sedimentary log Fig. 6.40B). These sediments are also highly bioturbated, and rich in bioclastic content, suggesting an open shelf setting (Fa 3A; Table 6.1).

Between 360 and 370 m, in the composite sedimentary log (Fig. 6.40B), the turbiditic sequence and the open shelf deposits evolve into unconsolidated, bioclastic calcarenites, with coral fragments, miliolids, and some bioturbation (Fa 1B; Table 6.1). This packstone to rudstone units fine upwards, switching to wackestones/packstones, with some bioclastic content. At the very top of the sequence, there is another unit of unconsolidated grainstone, similar to the one that was observed below (370-390 m, in Fig 6 .40B), indicating another unit of bioclastic sands, and thus a shallowing trend of the depositional environment (Fa 1B; Table 6.1). The facies (Fa 4A) changes into rudstones/grainstone units, alternated with highly-bioturbated mudstones (Fig. 6.39A and 6.39B; 250-320 m, in Fig. 6. 41B). The base of each rudstone bed consists of exotic pebbles and grains, which are fining upwards (Fig. 6.4B and 6.39C). Also, the rudstones are cross-bedded and their contacts with the laminated mudstones erosional, whereby the whole unit progrades toward the NW (Fig. 6.39A). In the mudstones, some mud-cracks, and abundant of bivalves have been observed, indicating deposition in an intertidal zone. The grainstones with bioclastic content in this unit are derived from the Koronia Member, (Fig. 6.39B) whereas the noncarbonate component, associated with sandstones, feldspar aggregates, and rare quartz (Fig. 6.39C), was transported, from the Troodos Ophiolites [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF]. Locally, Miocene succession is represented by rudstones, with abundant red algae debris and corals (40 m in Fig 6 .41B). The bioclastic rudstones is thought to be an equivalent of the Koronia Member that was described in the Polis Basin (Fa 2A; Fig. 6.25 and 6.26). The progressive shallowing of the basin to the south can be explained by sea-level fall and/or uplift.

In this case, the highstand systems tract and normal regression evolved as a forced regression. The continuous deposition of shallow marine sediments observed to the north and east excludes this hypothesis. The bioclastic sands were mainly observed near Anogyra village, and prograde to the NE.

The base of the fifth sequence corresponds to another transgressive surface, above the bioclastic sand to the south, and below the first turbiditic interval in the northern and eastern parts of the basin. In particular, to the south, this surface records a further deepening of the area and deposition of shallow marine sediments. To the north and east, this cycle is characterized by slope deposits. The end of this cycle is marked by progressive shallowing of the basin, which is represented by coral reefs to the south, and bioclastic sands to the north and east. No thickness differences were observed for this cycle between the three sedimentary logs (Fig. 6.40 and 6.41).

The sixth sequence is marked by drowning of the coral reefs and the bioclastic sands to the south and the north-east respectively. It seems that the entire basin was filled up with shallow-marine/open-shelf deposits. The following highstand, recorded in the basin by the upward coarsening of the open-shelf deposits, which ultimately pass into bioclastic bars with some patches of coral reef facies to the south, and another bar of bioclastic sand to the north and east (Fig. 6.40 and 6.41). The bioclastic sands to the south prograd towards the NE whereas those that deposited to the eastern part of the basin prograde towards the NW.The thickness of this cycle varies from the south to the north. In particular, the most significant thickness of these sediments occurs in the southern part of the basin (180 m), whereas the northern and the eastern parts account for only 60 m of sediments. 
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The tectonostratigraphic evolution of Limassol Basin

Based on biostratigraphic results and field observations, it is suggested that the Limassol Basin created during the early to middle Miocene (Burdigalian -Langhian). During this time, compression and propagation of the thrust belt, from Keryneia Range to the south, resulted in the initiation of several thrusts, in an NW-SE direction (i.e., the Yerasa and Akrotiri fault systems), which bounded the Limassol Basin. The sedimentary record shows an unconformity to the north of the basin, where basinal deposits (contourites) are directly overlain by intertidal sediments (Fig. 6.42A). This abrupt shallowing of the region marks an episode of uplift that, on a regional scale, might be attributed to the precarious position of Cyprus, in the complex zone of convergence between Africa and Eurasia [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF].

It is possible that the initiation of the Yerasa Thrust combined with the sea-level rise that occurred in Langhian resulted in the formation of a shallow basin. To the south, the basin was characterized by small, mounded bioherms, surrounded by reef-talus and shallow-water carbonates whereas to the north by bioclastic shoals (Fi. 6.42B; [START_REF] Stow | The Pissouri Basin fan-delta complex, southwestern Cyprus[END_REF]. It is assumed that the reefs in the southern margin of the basin colonized the relief topography that was created by a blind thrust (referred to as Akrotiri High or Akrotiri Fault System). Unstable conditions on the margins result in the flow of reefal detritus down-slope (Fig. 6.42B).

During the Tortonian, the Limassol Basin experienced significant subsidence and the Miocene reefs to the south as well as the bioclastic sands to the north were covered by slope to deep marine sediments (Fig. 6.42C). Progressive thickening of the Tortonian sediments, from north to south, suggests a southward migration of the depocenter (Fig. 6.40, 6.41 and 6.42C). In particular, to the south, 500 m of slope to basinal sediments have been measured, whereas the northern part of the basin accounts for only 80 m of sediments. The subsidence of the basin can be explained by the thrust activity at the southern slopes of Troodos Mountains. The early Miocene Yerasa Thrust System was still active during the Tortonian and as a basement thrust caused the displacement of the Troodos Ophiolites to the south and thus the thickening/stacking of the crust. Consequently, the northern part of the Limassol Basin was out of isostatic equilibrium and must have partially sunk. Therefore, the relatively thinner adjacent crust to the south which was supporting the Cenozoic sedimentary cover, subsided, allowing further subsidence of the overlain sedimentary basin (Fig. 6.42C).

In the flanks of the basin Mass Transport Deposits of Tortonian, ages have been identified. Previous works suggest that the MTDs are oriented in east-southeast [START_REF] Farrell | Slump strain in the Tertiary of Cyprus and the Spanish Pyrenees. Definition of palaeoslopes and models of soft-sediment deformation[END_REF][START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF], or in the east-west direction [START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF]. During the present study, measurements along the Limassol-Pafos highway to the south (34°41'12.51"N, 32°41'24.64"E), and near Dora village to the north (34°45'14.42"N, 32°41'19.12"E), agree with [START_REF] Eaton | Carbonate platform to basin transitions on seismic data and in outcrops: Great Bahama Bank and the Maiella Platform margin, Italy[END_REF] results

(i.e., east-southeast slope). However, it is unlikely that the slope was dipping uniformly away from the Troodos Ophiolites, since [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF] noted two exceptions near Agia Fila and Happy

Valley, depicting a palaeoslope direction towards the north. Thus the direction of the slope must have also been controlled by a northward dipping structure probably located south of Cyprus. This structure could correspond to the Pafos Thrust [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF]. It has been postulated that the MTDs record intense seismic activity (e.g., earthquakes; [START_REF] Alves | Submarine slide blocks and associated soft-sediment deformation in deep-water basins: A review[END_REF][START_REF] Arfai | Mass-transport deposits and reservoir quality of Upper Cretaceous Chalk within the German Central Graben, North Sea[END_REF][START_REF] Guan | Recurrent mass transport deposits and their triggering mechanisms in the Kaiping Sag, Pearl River Mouth Basin[END_REF]. Hence, it is proposed that, during the Tortonian, the thrust belt propagated further to the south resulting in the initiation of the Pafos Thrust which in turn controlled the direction of the MTDs in the basin (Fig.

6.42C)

Before the Messinian, the Limassol Basin was filled with shallow marine sediments (Fig. 6.42D) and the basin experience an uplift probably associated with the southward propagation of the thrust belt.

Along the eastern margin of the basin, bioclastic sand shoals began to prograde to the NW, (Fig. 6.39A and 6.42D) whereas to the south the bioclastic sands were prograding towards the NE (Fig. 6.34D and 6.42D). Two third-order cycle sequences record this event (Fig. 6.40 and 6.41).

Eustatic sea-level changes combined with the southward propagation of the thrust activity controlled the sedimentation in the Polis Basin at the latest stages of Miocene. Two sub-cycles at the very top of the Pakhna sequence enhance this interpretation (Fig. 6.40 and 6.41). This interval is characterized by bioclastic shoals near the slopes of the Troodos Mountains and patch reefs to the center of the basin (near Pakhna village, Fig. 6.35C). Moreover, the Troodos Mountains must have been already uplifted and emerged during the Tortonian. Evidence of this uplift has been found in the bioclastic shoals near Yermasogia dam which have been flooded by exotic grains derived from the Troodos Ophiolites (Fig.

6.39C).

During the MSC, the sea-level fall resulted in the exposure of previous shallow areas [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF][START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. At that time the southern part of the Limassol Basin (near Pissouri village) formed a depression which remained under restricted marine environment and covered by an evaporitic sequence [START_REF] Manzi | The Messinian salinity crisis in Cyprus : a further step towards a new stratigraphic framework for Eastern Mediterranean[END_REF]. 

Discussion

Onshore Cyprus, the opening and the closing of Neotethys are recorded by the formation and the subsequent obduction of the Troodos Ophiolites during the Late Cretaceous [START_REF] Robertson | Development of concepts concerning the Troodos ophiolite and adjacent units in Cyprus,' Magmatic Processes and Plate Tectonics[END_REF][START_REF] Garfunkel | Constraints on the origin and history of the Eastern Mediterranean basin[END_REF]Garfunkel, , 2004;;[START_REF] Stampfli | A plate tectonic model for the Paleozoic and Mesozoic constrained by dynamic plate boundaries and restored synthetic oceanic isochrons[END_REF]. 

A new model for the Cenozoic tectonostratigraphic evolution of Cyprus

In light of the new field data presented in this chapter, and recently published geophysical data, a new paradigm for the tectonostratigraphic evolution of southern Cyprus since the Late Cretaceous can be proposed. This model is aiming to resolve the impact of the substratum on the evolution of a sedimentary basin that is located at an active plate boundary.

A northward-dipping subduction zone is thought to have been initiated during the Turonian, with the opposing movement of the Afro-Arabian and Eurasian plates, resulting in the formation and obduction of the Troodos Ophiolites [START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. As its already discussed (Chapters 2.4.1 and 6.1.2) after their obduction, the ophiolites collided with the Mamonia Complex [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF]. According to [START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF] Complex onshore Cyprus and has been interpreted as the prolongation of the COB, that is identified offshore Cyprus (Fig. 6.43 and 6.45;[START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF].

From the Maastrichtian until the late Eocene, the Mediterranean basins were under deep marine setting, with no evidence of ongoing plate convergence (Fig. 6.44A and 6.46;[START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF]. It is believed that during the late Eocene the convergent plate boundary migrated southwards, following the collision of the Keryneia Range with the Troodos Ophiolites (Fig. 6.44B; [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF]. The collision and the southward propagation of the thrusting resulted in the submergence of the Keryneia Range and the subsequent development of an extensive submarine fan system (Kythrea Flysch, Chapter 2.4.2, Fig. 2.11, [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF].

In southern Cyprus, this event is expressed by the deposition of the Upper Marl Member (Lefkara Formation), which is characterized by basinal deposits controlled by bottom-currents [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF][START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF]. The deposition of the Upper Marl Member was diachronous in the Limassol and Polis basins, suggesting a differential uplift, experienced by the two basins. For instance, in the Polis Basin, this unit is very thin or absent (Fig. 6.18 and 6.19). The inferred uplift in this basin is also recorded by the deposition of shallow marine carbonates (Fig. 6.27B, 6.44B and 6.46). Furthermore, the southern margin of this basin (near Kathikas villages) was controlled by thrust faults, where small reefs have been formed (Terra Member) suggesting southward propagation of the trusts from the southern slopes of the Troodos towards the Kathikas village (Fig. 6.44B and 6.46) On the other hand, in the Limassol Basin, a relatively deeper marine environment prevailed until the early Miocene (Fig. 6.46). Late Burdigalian to Langhian intertidal deposits, with some mudcrack traces, are found on top of the late Oligocene to early Miocene Upper Marl Member (i.e., contourites and hemipelagites) at the southern slopes of the Troodos Mountains (Koilani and Korfi villages; Fig. 6.36). It has been suggested that the uplifted area was controlled by southward verging thrusts (YFS) that are visible on the slopes of the Troodos Mountains (Chapter 6.2.3). During the following period (Langhian -Serravallian), the Limassol Basin was already a small basin, under shallow marine setting (Fig. 6.44C and 6.46). The southern part of the Limassol Basin was characterized by subtidal deposits, with small reefs developed along the southern coastline (Paramali area, Fig. 6.42B, 6.44C and 6.46).

In contrast, the Polis Basin experienced a progressive deepening, which continued until the Tortonian.

This deepening coincided with global sea-level rise [START_REF] Haq | Chronology of fluctuating sea levels since the triassic[END_REF][START_REF] Hawie | Sedimentological and stratigraphic evolution of northern Lebanon since the Late Cretaceous: Implications for the Levant margin and basin[END_REF], and is marked by the drowning of the early Miocene reefs and the deposition of open-shelf deposits (Fig.

6.46).

The deepening of the Limassol Basin has been recorded only during the Tortonian (Fig. 6.42C and 6.44D), and our sedimentological measurements revealed a thickness of 500 m of deep marine deposits in the southern part of the basin, depicting significant subsidence (Fig. 6.44D).

Until now, the prevailing theory about the subsidence of the Polis and southern part of the Limassol basins is associated with extensional tectonics. In particular, [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF] reported that the deepening of the two basins was related to a widespread extension that occurred in the easternmost Mediterranean related associated with a slab rollback [START_REF] Robertson | The Role of the Kyrenia Range Lineament, Cyprus, in the Geological Evolution of the Eastern Mediterranean Area[END_REF][START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. An alternative depicts that the normal faults found in the Polis and Limassol basins created due to gravitational forces [START_REF] Monnet | Final Report study of active tectonics in Cyprus for Seismic Risk Migitation WP8[END_REF]. Following this interpretation and taking into account the diachronism recorded by the differential subsidence between the two basins, as well as the differences in the deformation style, it is unlikely that a widespread extensional event would cause the subsidence of the two basins.

In the present study, Polis Basin has been described as one of a series of piggyback basins (Fig. The MTDs observed in Limassol Basin have been described as the result of submarine mass-wasting processes [START_REF] Alves | Submarine slide blocks and associated soft-sediment deformation in deep-water basins: A review[END_REF][START_REF] Arfai | Mass-transport deposits and reservoir quality of Upper Cretaceous Chalk within the German Central Graben, North Sea[END_REF][START_REF] Guan | Recurrent mass transport deposits and their triggering mechanisms in the Kaiping Sag, Pearl River Mouth Basin[END_REF]. Similar to the onshore, MTDs have been traced in the eastern and western sites of the Eratosthenes Seamount (Fig. 4. 15 and 5.12). It is proposed that both represent catastrophic events, which can be associated with the collision of Cyprus Arc and the Eratosthenes Seamount (Chapter 5.5). Evidence for this collision has also been seen in the seismic;

due to the underthrusting of the northern slope of Eratosthenes Seamount below allochthonous salt offshore Cyprus [START_REF] Reiche | Fault-controlled evaporite deformation in the Levant Basin, Eastern Mediterranean[END_REF][START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF] as well as the inversion of, prior extrados faults, located on the flat-top of the seamount suggesting a climax of the compression (Chapter 5.5, Fig. 5.10).

During the Tortonian, the Polis Basin began to uplift and its marginal areas emerged. In contrast, the Limassol Basin was a deeper basin whereby the Yerasa Fault System continue to control its depocenter (Fig. 6.44E). The depocenter in Polis Basin at that time must have been controlled by a series of thrusts extending from the southern slopes of Troodos Mountains to the western coastline of the island (Fig. 6.45). The nature of the substratum (Chapter 6.3.2) and the "subducting" crust between the two basins (oceanic in Polis and thin continental in Limassol) can explain the diachroneity of the thrusts, and the different intensity in the deformation style between the two. As it is mentioned above (Chapter 6.3, Fig. 6.43) recently Granot, (2016) defined the location of the COB to the south-west of Cyprus. The COB could be elongated onshore Cyprus along a traversal zone which separates the two basins (Fig. 6.44). Thus, it is suggested that in the Polis Basin, the subduction of the oceanic crust would occur faster, causing mild deformation. In contrast, the thrust activity in the Limassol Basin, due to the probable collision of the thin continental crust of the Levant and the thick continental crust of the Eurasian Plate, might cause strong, but delayed, deformation, contemporaneous with the crustal shortening.

The Serravallian-Tortonian deepening was followed by a progressive shallowing of the two Neogene basins during the latest stages of the Miocene as a result of the collision between Eratosthenes Seamount and Cyprus Arc (late Tortonian and Messinian; Fig 6 .44E). During this time, pre-existing normal faults continued to control the central part of the Polis Basin, (Polis Graben) whereas, on its flanks, small patch reefs were developed (Fig. 6.46). In the Limassol Basin, the sedimentation was dominated by prograding bioclastic sands with some patch reefs in the eastern and the southern margins (Fig. 6.42D).

Also, during the late Miocene, the relative plate motion between Africa and Eurasia shifted from N-S to NW-SE [START_REF] Le Pichon | The Hellenic arc and trench system: A key to the neotectonic evolution of the eastern Mediterranean area[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Harrison | TectonicHistoryNorthernCyprusHarrison2004.pdf[END_REF][START_REF] Jolivet | Lithospheric-scale geodynamic context of the Messinian salinity crisis[END_REF]. The proposed NE-SW direction of the collision may have resulted in the westward propagation of the COB (Fig. 6.44E) and explain the eastward migration of the apparent deformation observed onshore Cyprus (Fig. 6.43 and 6.44E).

During the MSC, in response to the sea-level drop, the deepest parts of each basin were covered by evaporites, whereas their marginal uplifted areas emerged (Fig. 6.44E). The Messinian Crisis was followed by a regional and rapid sea-level rise [START_REF] Gorini | New imaging of the salinity crisis: Dual Messinian lowstand megasequences recorded in the deep basin of both the eastern and western Mediterranean[END_REF]. This event is recorded by bioclastic marine sediments that observed in the Polis 'Graben' (Fig. 6.28 and 6.46).

The Quaternary is marked by the intense uplift of Cyprus probably due to the collision of Eratosthenes and Cyprus Arc (Robertson, 1998;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF], Robertson et al., 2012). Evidence of this uplift has been found within the Polis and Pissouri basins (Fig. 6.16 and 6.29). In particular late Pliocene and early Pleistocene age shallow water calcarenites observed in the center of the Polis Basin (i.e., Polis Graben) whereas its marginal areas emerged (Fig. 6.46; [START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

In the Pissouri area, Gilbert-type fan delta deposits exist at an elevation of 280 m above mean sea (Kinnaird, 2998). Furthermore, generated magnetostratigraphy for the Pissouri and the Mesaoria basins have shown that the Troodos Mountains experienced a rapid uplift during the late Pliocene (Fig. 6.44F; 2.58 Ma: [START_REF] Mccallum | Late Pliocene-early Pleistocene Athalassa Formation, northcentral Cyprus: carbonate sand bodies in a shallow seaway between two emerging landmasses[END_REF][START_REF] Robertson | Collision-related processes in the Mediterranean region-introduction[END_REF][START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF], with moderate uplift rates during the middle to late Pleistocene (0.08 mm/yr; Kinnaird, 2008).

The uplift of Cyprus: Slab break-off model

Seismic models, illustrating the crustal architecture and evolution of the plate boundary in the vicinity of the Cyprus Arc, indicate that the geometry of the slab, and the subsequent uplift of the island, are better described by the slab break-off model [START_REF] Schildgen | Earth-Science Reviews Linking slab breakoff, Hellenic trench retreat, and uplift of the Central and Eastern Anatolian plateaus[END_REF].

Numerical modeling has shown that the slab break-off, occur 20 Myrs after the onset of continental collision between the African and Eurasian plates. This result is in coherence with the timing of the initiation of the collision between the two plates (late Eocene -Oligocene; [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Dargahi | Petrogenesis of post-collisional A-type granitoids from the Urumieh-Dokhtar magmatic assemblage, Southwestern Kerman, Iran: Constraints on the Arabian-Eurasian continental collision[END_REF]. Recent constraints provided by a set of geophysical and agrees with the initiation of uplift in southern Turkey (between 7 and 5.5 Ma), whereas the shallow break-off, is potentially associated with locking of the subduction zone following the collision of the Eratosthenes Seamount [START_REF] Schildgen | Earth-Science Reviews Linking slab breakoff, Hellenic trench retreat, and uplift of the Central and Eastern Anatolian plateaus[END_REF]. Although it is not clear yet which of the two mechanisms resulted in the final uplift of central Anatolia, one argument supporting the shallow slab break-off scenario is that the ca. 120 km width of the uplifted region in Eastern Anatolia is more consistent with a shallow break-off event (ca. 100 km expected width), compared with an intermediate (ca. 300 km width) or deep break-off event (ca. 400 km width) [START_REF] Schildgen | Earth-Science Reviews Linking slab breakoff, Hellenic trench retreat, and uplift of the Central and Eastern Anatolian plateaus[END_REF].

Through the onshore and offshore observations, we confirmed that the collision between Eurasia and the Eratosthenes Seamount reach its climax during the late Miocene (Tortonian; Papadimitriou et al.,accepted,Chapter 5.5). The westward propagation of the slab break-off is recorded by the rapid uplift of Cyprus during the late Pliocene [START_REF] Şengör | The North Anatolian Fault: a New Look[END_REF][START_REF] Faccenna | Slab detachment beneath eastern Anatolia: a possible cause for the formation of the North Anatolian Fault Earth and Planetary[END_REF][START_REF] Özeren | The dynamics of the eastern Mediterranean and eastern Turkey[END_REF].

This model is also supported by recent studies conducted by [START_REF] Dilek | Geochemical and temporal evolution of Cenozoic magmatism in western Turkey: mantle response to collision, slab break-off, and lithospheric tearing in an orogenic belt[END_REF] who recognized, a sharp cusp as well as different convergence velocities between the Hellenic and Cyprus trenches, to the west of Cyprus (ca. 40 mm/yr. at the Hellenic vs 10 mm/yr. at the Cyprus trench).

These authors proposed a lithospheric tearing of the subducted African Plate to the west of Cyprus.

This interpretation is in coherence with the existence of the COB to the west of Cyprus (Fig 6.43;[START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF]. Therefore, it is suggested that the oceanic crust to the west of the island, continued to subduct, whereas to the east, the continental collision resulted in slab break-off and the subsequent uplift of Cyprus [START_REF] Dilek | Geochemical and temporal evolution of Cenozoic magmatism in western Turkey: mantle response to collision, slab break-off, and lithospheric tearing in an orogenic belt[END_REF].

Piggyback vs. flexural basins

Both Limassol and Polis basins developed under a compressive regime (discussed above). However, the thrust activity behaved differently in the two basins in respect to the timing of deformation, and sedimentation style (Fig. 6.45 and 6.46). The transition from one basin to the other has been defined by a slightly oblique ramp outcropping from the coastline to the southern slopes of the Troodos Mountains, through the Xeropotamos River trending in a north-south direction (Fig. 6.45). [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF] suggested that gradual uplift and an increase in sediment input from the northeast can explain this lateral change in depositional environment between the two basins.The question that arises from this statement is: What might be the cause of the progressive and differential uplift between the two basins?

The pre-structured substratum in the western part of the island associated with the collision of the Mamonia Complex with the Troodos Ophiolites appears to give the main explanation for the differential uplift of the two basins [START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF][START_REF] Lapierre | The Mamonia Complex (SW Cyprus) revisited: remnant of Late Triassic intra-oceanic volcanism along the Tethyan southwestern passive margin[END_REF]. This hypothesis does not explain the diachroneity and the spatial distribution of Miocene thrusts alongside the Limassol and Polis basins (Fig. 6.45). In the Polis Basin, the early Miocene thrust sheet extends from Mesogi to the Akamas Peninsula, whereas in the Limassol Basin, this thrust is referred to as Yerasa Fault System (Fig. 6.45). The two faults are connected through the transverse fault zone, across the Xeropotamos River that separates the Limassol and Polis basins (Fig. 6.45). This zone seems to control the limit of the Mamonia Complex extension below the Cenozoic sediments onshore Cyprus (Fig. 6.45). The sedimentary cover of the Mamonia Complex is composed of a mixed carbonate/siliciclastic system.

For instance, it is comprised of sandstones with fossil plant remains, pelagic limestones, mudstones, siltstones and bituminous shales (near Agios Photios village), or dark green sandstones (Chapter 2.4.2; [START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF]. The Cenozoic sedimentation in the Polis Basin rests on top of the Mesozoic sedimentary cover of the Mamonia Complex. In contrast, the Cenozoic sediments of the Limassol Basin overly the rigid ophiolitic complex (Fig. 6.46). The different nature of the substratum beneath the two basins should be further examined in order to understand its impact on the sedimentation and the style of deformation between the two basins. As one of a series of piggyback basins, the Polis system must have been formed in association with an upper crustal, thin-skinned NW-SE thrusts, detached from their basement along a decollement horizon.

These NW-SE-oriented thrusts controlled the geometry and sedimentation of the basin, along with the migration of the different depocenters (Zoetemeijer et al., 2013;[START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF]. It is expected that the decollement level of such thrusts is within the weak sediments of the Mamonia Complex. In • The slightly oblique ramp (referred as a transversal zone along the Xeropotamos River)

determines the transition between the shallow marine sediments deposited in Polis Basin and the slope to basinal setting observed in the Limassol Basin. This ramp corresponds to the maximum extent of the Mamonia Complex onshore Cyprus, and this limit marks the elongation of the COB that has been recently identified and mapped to the west of Cyprus (offshore).

• The MTDs identified in the Limassol Basin are associated with an intense tectonic activity that occurred during the late Miocene. Similar MTDs, but with different scale have been identified

to the eastern and the western sites of Eratosthenes Seamount offshore Cyprus. It is proposed that both, onshore and offshore MTDs are to related the collision between the Eratosthenes Seamount and Cyprus.

• The integration of structural, sedimentological, and paleomagnetic data permitted to portray the tectonostratigraphic evolution of the Polis and the Limassol basins, and to propose a reconstitution of their evolution between Oligocene to late Miocene. The kinematic model that best matches all the observed data is that of the forward propagation model. their impact on the sedimentary filling of the basin (e.g., [START_REF] Macgregor | The development of the Nile drainage system: integration of onshore and offshore evidence[END_REF][START_REF] Csato | A three-dimensional stratigraphic model for the Messinian crisis in the Pannonian Basin, eastern Hungary[END_REF]. To reduce the uncertainties, compiling different kind of datasets and various methodologies was considered of great importance (well data, biostratigraphy, thermochronology; e.g., [START_REF] Allen | From landscapes into geological history[END_REF][START_REF] Martinsen | Source-to-sink systems on passive margins: theory and practice with an example from the Norwegian continental margin[END_REF].

The main objective of this thesis was to propose a conceptual stratigraphic model for the western part of the Eastern Mediterranean region, (Chapter 4.5,Fig. 4.14 and Chapter 5.5,Fig. 5.14) based on such integrated studies onshore and offshore Cyprus, and to show how the sedimentary filling of a basin can record the main geodynamic events . Furthermore, these studies point out the fundamental differences between shallow carbonate and basinal systems and the way these systems recorded extension, the post-rift subsidence and the following compression processes during the basin history.

Offshore Studies

New seismic lines in the western part of the Levant Basin have been proven a powerful tool for investigating and analyzing the tectonic and the stratigraphic components of basin evolution.

The use of seismic stratigraphy concepts and seismic facies distribution analysis permitted to identify The shallow wells from ODP Leg 160 across the Eratosthenes carbonate platform as well as the margin-basin correlation with the eastern (Levant margin) and the southern (Egyptian margin) part of the basin contributed to the reduction of any uncertainties associated with the age of the interpreted seismic packages offshore Cyprus (Chapter 4.4, Fig 4.5 -4.12 ;Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]Tassy et al., 2015).

Analyses of the seismic facies distribution allowed the identification of clusters with similar seismic trace shapes. Each group is considered to represent variability in lithology and rock properties, permitting the prediction of the related depositional environment (Chapter 4, Section II; Table 4.1).

The spatial and temporal distribution of specific lithologies in the basin brings out a better understanding of the sediment provenance from local and regional sources (Chapter 4.5, Fig. 4.14;

Levant margin, Nile, Latakia ridge and Arabian platform). Unfortunately, some limitations regarding the validity of the seismic facies interpretation, the age and the provenance of the sediment input remain because of a sparse grid of the seismic lines and the lack of borehole data offshore Cyprus.

The studies on Eratosthenes carbonate platform point out the fundamental differences between platform facies and basinal facies, and the organizations of depositional systems in an isolated platform (Chapter 5, Fig. 5.9-5.12). ). These platforms have either been isolated (e.g., Apulia platform) or attached to the continent (Levant and Egyptian platforms). The Egyptian and the Levant platforms were invaded by terrigenous siliciclastics during the Jurassic-Cretaceous interval (Chapter 4.5, Fig.4.13;Parisot et al., 1996;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]Tassy et al., 2015a). In contrast, the Eratosthenes and Apulia platforms located in a long distance from the continent were free from the continental influence (Chapter 5.5

Fig .:5.16;[START_REF] Borgomano | The Upper Cretaceous carbonates of the Gargano-Murge region, southern Italy: A model of platform-to-basin transition[END_REF][START_REF] Thierry | Early Kimmeridgian[END_REF][START_REF] Hairabian | Depositional facies, pore types and elastic properties of deep-water gravity flow carbonates[END_REF]. Nevertheless, the Tethyan carbonate platforms show some similarities. They were all drowned during the Late Cretaceous. The drowning of the carbonate platforms coincided with the global reorganization of the oceans depicting that the demise and the onset of the carbonate factory is depended on the global sea level changes in response to long-term, deep processes such as rifting collision and not only by the eustatism (Chapter 5.5.3 and 5.5.4; [START_REF] Curray | Structure, tectonics and geological history of the northeastern Indian Ocean[END_REF]Robertson, 1998d;[START_REF] Schlager | Carbonate Sedimentology and Sequence Stratigraphy, Carbonate Sedimentology and Sequence Stratigraphy[END_REF].

Onshore Studies

Through onshore field investigations, a conceptual model illustrating the major geodynamic events and their impacts on sedimentary processes and resulting facies has been proposed (chapter 6.31; Fig.

6.44

). Sedimentological observations are in line with the seismic interpretation and this permitted to predict the succession and the timing of major geodynamic events that occurred in the Eastern Meditteranean. (Chapter 6; Section III).

Five distinct facies associations have been described onshore Cyprus mainly for the Cenozoic rock series (Chapter 6, Section II, Table 6.1). These facies associations are: (a) shallow-water bioclastic sands (Fa 1); (b) barrier reef deposits (Fa 2, Tabe 6.1) that have been described in the peripheral areas of Limassol and Polis basins; (c) open shelf deposits (Fa 3, Table 6.1) accumulated mostly in the Polis Basin and record a period of progressive shallowing in the Limassol Basin; (d) deepwater carbonate material was gravitationally reworked from marginal areas by turbidity currents and mass flow processes (Fa 4, Table 6.1) and (e) deep pelagic/ hemipelagic carbonates that accumulated in the basin (Fa 5, Table 6.1). The onshore investigations (Chapter 6) coupled with the literature review (Chapter 2.4) brought significant constraints to the sedimentary facies distribution onshore Cyprus.

Hiatuses and erosional surfaces (e.g., karstification) identified onshore (e.g., late Eocene to middle Miocene) has been interpreted as the result of the continuous deformation and subsequent sediment erosion, in response to the regional compression.

The basins onshore Cyprus show different characteristics regarding the geometry, the timing of the formation, the paleodepths and deformation style. The Polis has been described as one of a series of piggyback basins which started to be formed during the early Burdigalian and evolved from the interaction of four thrusts (Chapter 6. 1.2 and 6.3.2,Fig 6.45). This basin was always under shallow marine settings and its sedimentary cover sits on top of the allochthonous and weak layers of the Mamonia Complex (Chapter 6. 1.2 and 6.3.2,Fig 6.45 and 6.46). It is suggested that the Cenozoic sediments in Polis Basin detached along the Mesozoic sediments of Mamonia complex forming the Kathikas and Pafos thrusts and thus resulting in the southward migration of the depocenter. On the other hand, the Limassol is referred to as a flexural basin that was formed during the late Burdigalian and controlled only by basement thrusts (Chapter 6.3.2,Fig 6.45). Sitting on top of the Troodos Ophiolites, the Limassol Basin experienced significant subsidence during Tortonian. This subsidence accommodates the displacement of the basement thrusts (YFS). It is proposed that the nature of the substratum has a substantial impact on the tectonostratigraphic evolution. Furthermore, the evolution and development of the two basins onshore Cyprus has been compared with the Graus-Tremp-Ainsa basins in the southern Pyrenées (Fig 6.45 and 6.47;[START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF]. This comparison confirmed our hypothesis depicting that the sedimentary infill of the basin records and can resolve the timing of tectonic processes. ).We propose that the intense seismic activity linked to a geodynamic event, as well as the increased gradient of the slopes of the platform due to its deformation, are the most important triggering mechanisms of these MTDs. Therefore, MTDs events might be the witnesses of the initiation of the collision between the Eratosthenes Seamount and Cyprus and thus record major geodynamic events.

Conclusions

Stratigraphic studies onshore and offshore Cyprus were first based on exhaustive literature review.

Interpretation of 2D seismic data covering the Levant Basin and the Eratosthenes Seamount has permitted to propose a robust tectonostratigraphic scheme of the western part of the Levant Basin (Chapter 4.5,Fig. 4.14 and Chapter 5.5,Fig. 5.14) as well as onshore Cyprus, (Chapter 6.3,Fig. 6.44) constrained by onshore fieldwork in the southern Cyprus. The proposed conceptual models show that the Levant region witnessed multiple episodes of deformations since the rifting of Neotethys as follows:

Rifting phase began in the Early Mesozoic and ceased during the Middle Jurassic (Garfunkel, 2004;Gardosh et al., 2010). After the end of the rifting, the Eastern Mediterranean was divided into different domains characterized by the different crustal thickness (Chapter 2.3, Fig. 2.4) and subsidence rates [START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF][START_REF] Inati | Lithospheric architecture of the Levant Basin (Eastern Mediterranean region): A 2D modeling approach[END_REF]. The Levant Basin during the post-rift phase was dominated by deep marine carbonates while on the margins epicontinental shelves were built on top rift inherited continental blocks (Gardosh et al., 2006[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]Tassy et al., 2015a.;[START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF] In the vicinity of Eratosthenes Seamount four significant periods of carbonate The Jurassic -Cretaceous boundary is marked by regional uplift and a change in the depositional environment in the Levant Basin (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In particular, the inferred uplift resulted in the transportation of siliciclastic material in the basin (Gardosh et al., 2006). It is suggested that during this period previous highs were eroded and carbonate and siliciclastic material were transported within the basin (Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. Gardosh et al., (2006) demonstrated that one possible transportation pathway was the submarine Gevar'am Canyon which is located the eastern margin of the Levant Basin (Chapter 4.5). On the Egyptian and Levant margins, carbonate systems during the post-rift and the latter compression due to the collision of two main tectonic domains. Further investigations of this complex region remain to be of great importance. A few points which include additional work that needs to be conducted to consolidate the findings of the current study and/or to propose venues for future scientific research are presented here:

Sampling campaign: In order to confirm our age model for the Eratosthenes carbonate platforms many new sites could be now proposed for a long core campaign and/or a new IODP deep drilling, located far from tectonic structures. Detailed biostratigraphic analysis and additional sedimentological investigations of the rock units that are exposed in the onshore basins, particularly in the Limassol

Basin should be conducted in order to consolidate the proposed integrated conceptual model for all the Eastern Mediterranean. Dating remains a major issue for better understanding the geology of Cyprus.

Additional fieldwork, petrological and biostratigraphy analysis for the sedimentary cover of Cyprus island eastern and northern basins would also provide invaluable geological data.

3D seismic interpretation: Focus on 3D seismic interpretation of carbonate platforms in order to achieve a detailed mapping of the lagoonal and the reefal facies that are distributed along the platform.

3D interpretation will also allow mapping and delineation of stratigraphic traps (carbonates and turbidites), giving the net-to-gross of the different components (sand, shale, calcarenite) for each stratigraphic sequence.

Forward Stratigraphic modeling:

The proposed stratigraphic model for the western part of the basin cannot provide a quantitative evaluation of strata architecture (including time evolution) and address all the uncertainties. Therefore, forward stratigraphic modeling is proposed to simulate the source to sink filling versus carbonate production and thus the evolution of the Levant Basin via a 4D approach.

Such methodology allows testing different sequence stratigraphic conceptual models and constraining the controlling factors. The evolution of the Levant can be examined using the DionisosFlow TM (IFP Energies Nouvelles). Parameters such as the sea level variations, the basin and strata deformation induced by compaction or vertical uplift and subsidence, will be controlled by the accommodation space. The supply of sediment may correspond either to the boundary conditions, basement erosion, carbonate production or evaporite precipitation [START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, diffusive model in stratigraphic modeling. Numerical experiments in stratigraphy: recent advances in stratigraphic and sedimentologic computer simulations[END_REF].

Structural backstripping: Backstripping would be useful in order to analyze the subsidence history of the Levant Basin and further determine the lithosphere stretching from the post-rift subsidence rate [START_REF] Sclater | Continental stretching: An explanation of the Post-Mid-Cretaceous subsidence of the central North Sea Basin[END_REF]. A better understanding of the magnitude of lithosphere stretching will contribute on mapping specific geological features, such as palaeobathymetry and palaeotopography and delineated the basement geotherm perturbations for hydrocarbon maturation modeling [START_REF] Nadin | Palaeocene uplift and Eocene subsidence in the northern North Sea Basin from 2D forward and reverse stratigraphic modeling[END_REF][START_REF] Roberts | Subsidence of the Vøring Basin and the influence of the Atlantic continental margin[END_REF]. 
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Figure 2 . 1 :

 21 Figure 2.1: Simplified map of the Eastern Mediterranean is illustrating the general motion of the African, Arabian and Eurasian-Anatolia plates (black arrows). Large arrows indicate general plate motion; small arrows represent relative motion. Abbreviations: S -Sicily; E -Etna volcano; Ty -Tyrrhenian Sea; Cl -Calabria; Ap -Apennine mountains; CA -Calabrian arc; ME -Malta escarpment; HA -Hellenic arc; GC -Gulf of Corinth; C -Crete; R -Rhode; N&M -Napoli and Milano mud volcanoes; C-A-B -Cilicia-Adana basins; ESM -Eratosthenes Seamount; CYA -Cyprus Arc; IK -Iskenderun bay; NAF -North Anatolian fault; EAF -East Anatolian fault; DSF -Dead Sea fault. Numbers along the NAF and DSF represent the following basins that developed as pull-apart and were crossed by a diagonal through-going fault: (1) Erzincan, (2) Suşehri-Gölova, (3) Erbaa-Niksar, (4) Bolu-Yeniçağa, (5) Izmit-Sapanca, (6) Marmara Sea and (7) Hula. Inset: regional tectonic settings. DSF -Dead Sea fault; OFZ -Owen fracture zone[START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across the entire eastern Mediterranean?[END_REF].
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 23 Figure 2.3: Paleogeographic maps of the Levant region illustrating the tectonic evolution: (A) Mesozoic rifting phase; (B,C) Initial closure of the Neo-Tethys due to convergence ;(D) Initial folding along the Levant margin; (E) Initiation of the westward expulsion of the Anatolian microplate and (F)Present-day tectonic regime (after[START_REF] Ghalayini | Growth of layer-bound normal faults under a regional anisotropic stress field[END_REF].

Figure 2

 2 Figure 2.4: (A) Crustal scale section across the Levant Basin, from southern Israel (SE) to the Eratosthenes Seamount (NW) (adapted fromGardosh et al., 2010). Structure and stratigraphy of the upper crust. The crustal thickness and seismic velocities are based on wide-angle seismic refraction tests. The thinned crust in the center of the Levant Basin is interpreted as the remaining, attenuated upper continental crust that is heavily intruded by mantle material. In the Eratosthenes Seamount, relatively thick crust with low seismic velocity and conspicuous magnetic anomaly may be explained
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 27 Figure 2.7: Bathymetry map of the Eastern Mediterranean showing the topography as well as the most important structural elements bounding the Levant Basin (modified from[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].
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 28 Figure 2.8: Simplified structural profile showing the structural evolution of Cyprus from the Late Cretaceous (A) until the present day (D). For more details read the text (see the location in Fig. 2.7; modified from[START_REF] Sage | Convergence of the African and Eurasian Plate in the Eastern Mediterranean[END_REF] Robertson, 1998a;[START_REF] Kinnaird | Tectonic and sedimentary response to oblique and incipient continental-continental collision the easternmost Mediterranean (Cyprus)[END_REF].

  (a) the Troodos Ophiolites, considered as the core of the island; (b) the Keryneia Range to the north; (c) the Mesaoria valley between these two ranges; (d) the Mamonia Complex to the west; and (e) the Circum Troodos sedimentary succession which is a varied carbonate and siliciclastic sedimentary sequence that fringes the Troodos Massif (Fig.2.9; Kinnaird, 2008).
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 29 Figure 2.9: Simplified geological map of Cyprus illustrating the distribution of the different features found onshore Cyprus: (a) the Troodos Ophiolites; (b) the Mesaoria Valley; (c) the Mamonia Complex; (d) the Keryneia Range and (e) Circum Troodos Sedimentary cover. Abbreviations as follows: AL= Akrotiri lineament; YFS= Yerasa Fault System; OFS= Ovgos Fault System; ATFS=Arakapas Transform Fault; PFS=Pafos Fault System (modified from Kinnaird, 2008).
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 210 Figure 2.10: Simplified geological map of Cyprus showing the distribution of Troodos Ophiolites and Mamonia Complex in the island (based on maps from the Geological Survey of Cyprus).

  2.12A); (b) the Intermediate Breccia Unit (Fig. 2.12B); (c) the Upper Gypsum and (d) the Lago-Mare deposits (Fig. 2.12C).

  2.12B; locally termed Marmara); (b) massive, fine-grained gypsum (locally termed alabaster);(c) stacked selenite; (d) swallow selenite; and (e) botryoidal selenite.
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 212 Figure 2.12: Composite log of the Kalavasos Formation (modified from Manzi et al., 2016): (A) the pre-evaporitic unit ;(B) Lower gypsum Unit "barre jaune" ;(C) Lago-Mare and Upper Gypsum deposits.
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 213 Figure 2.13: (A) Relief map of the Eastern Mediterranean highlighting the bathymetry of Eratosthenes Seamount; (B) Bathymetry map of the Eratosthenes Seamount with the current geomorphology, showing three main features: (a) marine canyons on the SE and SW slopes; (b) the white lines represent E-W trending normal faults on the top and northern slopes and (c) indications for submarine landslides across the north and north-western slopes. White circles indicate the position of the ODP wells (modified from Schattner, 2010).
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 214 Figure 2.14: (A) Schematic illustration of a north-south cross section illustrating the present-day bathymetric position of the Eratosthenes Seamount and the location of the ODP wells across the Seamount; (B) Synthesized stratigraphic column, presenting all the results from the ODP wells (modified from[START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF].
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 31 Figure 3.1: Bathymetry map of the Eastern Mediterranean region showing the twenty-four 2D seismic profiles offshore Cyprus; Onshore and offshore structures as well as the delineation of the offshore exclusive economic zone (EEZ) of Cyprus (modified from https://www.pgs.com).
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 32 Figure 3.2: Reflection terminations delimiting the boundaries of seismic sequences and the different configurations of reflections used to characterize the seismic facies (modified fromMitchum et al., 1977a; b).

  Seamount from the south to the north as follows: (a) site 966: 360 m deep recovering Pliocene to Eocene sediments; (b) site 965: 250 m deep Pliocene to Miocene; (c) site 967: 600 m deep which penetrates Pliocene to Early Cretaceous sediments and (d) site 968: 310 m deep with Pliocene to middle
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 34 Figure 3.4: Multigraph in depth (m) showing: (A) Caliber; (B) Sonic Velocity; (C) RHOB=Density (green from the log and purple corresponds to edited RHOB); (D) SGR=Spectral Gamma Ray; (E) Depth to time Law; (F) Porosity.

3. 7 )

 7 . The locations of logging were thoroughly chosen based on accessibility, dating requirements (to constrain the Upper Cretaceous to Pliocene rock successions), and variety of the facies attested during the Miocene in order to propose a conceptual geological model for the Polis and Limassol basins.
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 37 Figure 3.7: Photographs showing the fieldwork approach conducted during this thesis: a coupling between various scales investigations leading to an in-depth assessment of the sedimentology, stratigraphy and depositional environments prevailing from Paleogene onwards onshore Cyprus.

  carbonate platform in response to the flexure subsidence and later deformation, due to the convergence of two African and Eurasian plates. Besides, based on the sedimentary infill of the Levant Basin and the Eratosthenes Seamount this study, reveals the timing of the initiation of the collision between the two plates as well as the subsequent collision of Eratosthenes Seamount with the Cyprus Arc. Finally, it discusses the impact of the Messinian Salinity Crisis (MSC) and the major influx of siliciclastics through the Nile deep sea fan on the architecture and the sedimentary filling of the Eratosthenes Seamount.I.Tectono-stratigraphic evolution of the western margin of the Levant Basin (offshore Cyprus)composed of dominant retrograding and aggrading Mesozoic carbonate build-ups and its evolution partly resembles that of the Egyptian margin. Deep-water mixed carbonates and siliciclastics probably prevailed in the basin during the Early Cretaceous. During the Late Cretaceous, these platforms were drowned. Following the convergence of the two plates, both the Eratosthenes Seamount (ESM) area and the Levant Basin progressively became part of a foreland basin along the Cyprus Arc. Different units in the Eratosthenes carbonate platforms (ECPs) and the transition to the deep Levant Basin are detailed here for the first time. We present a 3D conceptual model for the evolution of the western margin of the Levant Basin.We discuss the effect of the Miocene collision between the Cyprus Arc and Eratosthenes to further understand the presence of upper Miocene Mass transport complexes (MTCs) in the deep basin and the tilting of the top of the adjacent ECPs. We briefly examine the deformation mechanisms of the Messinian salt near the paleo-shelves of the ECPs.
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 41 Figure 4.1: Structural bathymetry sketch map of the Eastern Mediterranean (present day). Abbreviations as follows: CA: Cyprus Arc, AM: Anaximander mountain, DSTF: Dead Sea transform fault, FR: Florence rise, LR: Latakia Ridge, MdR: Mediterranean Ridge, PTF: Pafos transform fault, EEZ: Exclusive Economic Zone of Cyprus.

  aim of the present study was to complete previous work by studying the western margin of the basin including the isolated carbonate platforms (ICPs) in the vicinity of ESM and compare it to the Egyptian and Levant margins. In particular, based on 2D seismic reflection and well data, we identified a succession of isolated platforms (seismic units showing the rapid lateral variability of typical seismic facies), and paleo-shelf breaks that mark the transition to paleo-slopes and the deep basin seismic units. Based on these observations and by defining the seismic facies, we propose a simple stratigraphic model to illustrate the Mesozoic and Cenozoic evolution of the western part of the Levant Basin.

Fm;

  Fig. 4.3;[START_REF] Abdel-Rahman | Mesozoic volcanism in the Middle East: geochemical, isotopic and petrogenetic evolution of extension-related alkali basalts from central Lebanon[END_REF]. During the Middle Jurassic (Fig.4.2B) a continental shelfand-slope system developed along the Levant margins due to differential post-rift thermal subsidence (Fig.4.2;

  significant uplift occurred in the Early Cretaceous along the western part of the Afro-Arabia plate (Fig. 4.2B) and siliciclastic sediments (e.g., Fig. 4.3; Chouf Formation; Lebanon) were deposited in the Levant Basin due to the erosion of previous highs in the continental hinterlands (Fig. 4.3; Hawie et al., 2013). Onshore Lebanon, the Early Cretaceous uplift is characterized by a major unconformity topped by the Chouf Formation, which is made of fluvial, aeolian and shallow marine sediments (Fig. 4.3).

Figure 4 . 2 :

 42 Figure 4.2: Paleogeographic reconstructions showing the different depositional environments and the main geodynamic events that have formed the Eastern Mediterranean region since the Late Triassic (modified from[START_REF] Dercourt | Atlas Tethys palaeoenvironmental maps[END_REF][START_REF] Barrier | MEBE Atlas of the Paleotectonic maps of the Middle East[END_REF][START_REF] Vrielynck | The Mesozoic palaeogeographic evolution of Anatolides[END_REF].

  uplifted, and the basin was filled with mixed carbonate-siliciclastic sediments(Figs. 4.2E and 4.3). Along the north-western border of the Arabian Plate (i.e., part of the eastern margin of the Levant Basin), the Dead Sea Transform Fault System is linked to the Levant Fracture System which consists of three major segments (south to north): (a) Dead Sea Transform Fault (DSTF), (b) Lebanese restraining bend with the Yammouneh Fault, and the Ghab Fault in Syria[START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF][START_REF] Nader | The petroleum prospectivity of Lebanon: An overview[END_REF]. The DSTF displays a sinistral motion extending 107 km south of the Lebanese restraining bend. The sinistral movement of the DSTF system occurred in two phases. The first shows 65km of displacement and took place in early Miocene (Fig.4.2F;[START_REF] Brew | Tectonic and geologic evolution of Syria[END_REF]. The second phase of deformation occurred in the late Miocene and accounted for 42 km of northward motion of the Arabian Plate and the development of the restraining bend across Lebanon and the Palmyrides inSyria (Fig. 4.2F;[START_REF] Nader | The hydrocarbon potential of Lebanon: New insights from regional correlations and studies of Jurassic dolomitization[END_REF]. Recent works show that the Levant Fracture System was still active during the Messinian resulting the expulsion of eastern Anatolian block towards the southwest (Fig.4.2E;
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 43 Figure 4.3: Onshore-offshore chronostratigraphic chart showing the major hiatus and the main lithologies of the eastern margin of the Levant Basin, in the Levant Basin and onshore Cyprus (modified from[START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF] Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF].

Description:

  R1 is a continuous high amplitude horizon that separates a moderate amplitude seismic package with a chaotic reflection pattern from the overlying moderate amplitude, relatively continuous reflectors (SP1; Fig. 4.4B, 4.5B and 4.6A). This horizon is a basin-wide seismic boundary. Above the R1 unconformity, within the basin, the SP1, consists of alternating sub-parallel discontinuous reflections (Fa 1; Fig. 4.6A), whereas close to the ECPs, the low amplitude reflections (Fa 1; Fig. 4.6A) become more chaotic (Fa 2; Fig. 4.6A and 4.7).

  and the beginning of the post-rift phase. The chaotic reflector pattern on the slope of the platform may correspond to gravity-flow carbonates ripped from the Jurassic platform and transported to the deep basin (Fa 2; Fig. 4.6A).
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 44 Figure 4.4: (A) E-W 2D (TWT) Interpreted seismic profile that intersects the Levant and Herodotus basins through the Eratosthenes Seamount, and illustrates the four mega-sequences (M1-M4) and the main seismic boundaries; (B) E-W 2D (Depth converted using an analogous profile from Klimke and Erdhard 2014; for the location of the profile, see 4.4C).
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 45 Figure 4.5: (A) N-S 2D (TWT) seismic profile crossing the Eratosthenes Seamount; (B) Interpreted seismic profile that intersects the Eratosthenes Seamount and illustrates the four mega-sequences (M1-M4) and the main seismic boundaries identified in the western part of the Levant Basin.

Description:

  The lower boundary (R3) of this package corresponds to a major onlap surface (Fig. 4.4B, 4.5B and 4.6A). The SP3 is composed of low amplitude discontinuous reflectors (Fa 1; Fig. 4.6A) with some minor chaotic configurations (Fa 2; Fig. 4.6A).

SP4Description:

  This seismic unit is delimited from the previous unit by a high amplitude discontinuous horizon (R4; Fig. 4.4B, 4.5B and 4.6A). Based on the seismic pattern, the SP4 unit can be divided into two subunits (SP4a and SP4b; Fig. 4.6A). In the lower part (SP4a) of the unit, the Fa 1 displays moderate amplitude, with locally progradational to sub-parallel reflections. The upper subunit SP4b is comprised of moderate amplitude, parallel to subparallel continuous reflectors (Fa 1; Fig. 4.6A) interbedded by high amplitude reflectors that pinch out laterally (Fa 5; Fig. 4.6A).

Description:

  The lower boundary of the SP5 unit is a continuous high amplitude reflector recording a conformable surface (R5; Fig. 4.4B, 4.5B and 4.6A). The SP5 unit consists of subparallel reflectors of moderate amplitude, and continuity (Fa 1) interbedded with continuous high amplitude parallel reflectors (Fa 6) and onlap the slopes of the ECPs (Fig. 4.4B, 4.5B, 4.6A, 4.8B and 4.9B).

Fig 1 ;

 1 [START_REF] Gardosh | EAGE/SPE Workshop on Subsalt Imaging The Challenges of Subsalt Exploration and Imaging in Deep Water of the Middle East and North Africa 16-19[END_REF]. The Tamar Sands are three continuous sand layers that were penetrated by wells in the north-eastern part of the basin, 50 to 150 km west of the Levant coastline (Fig.4.1;[START_REF] Gardosh | EAGE/SPE Workshop on Subsalt Imaging The Challenges of Subsalt Exploration and Imaging in Deep Water of the Middle East and North Africa 16-19[END_REF]. Hence, Fa 6 could represent continuous turbiditic sand sheets. Although the origin and the mode of transport of these sands are not well constrained, the authors proposed two hypotheses. The first is a single source model showing that the sands derived from the African Plate through the proto-Nile river system. The second is a multiple source model suggesting that the sands were eroded from the Arabian Plate and fed the Levant Basin through several canyons (e.g., Afiq Canyon). The triggering mechanism of the uplift and the feeder system was hypothesized to be the uplift of the shoulders of the Afro-Arabian Plate in response to the Afar mantle plume that occurred in Yemen[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. SP6 Description: The lower boundary of this unit (R6; Fig. 4.4B, 4.5B and 4.6A) corresponds to a high amplitude horizon characterized by an onlap of the SP6 sequence and a minor truncation of the SP5 unit (Fig. 4.6A). The SP6 seismic unit is mainly composed of chaotic configurations (Fa 2; Fig. 4.6A) showing structures we interpreted as gravity-driven fold and thrust systems (Fig. 4.6C) interbedded with parallel to sub-parallel reflectors (Fa 1) and some local high amplitude lobes (Fa 5). Interpretation: The lower boundary of this package (R6; Fig. 4.4B, 4.5B and 4.6A) suggests

M2Description:

  The M2 seismic mega-sequence or SP7 seismic unit is a relatively transparent unit intercalated by high amplitude discontinuous reflectors (SP7; Fig. 4.4B, 4.5B, 4.6B and 4.7A). It is divided into five subunits and its thickness ranges from 0 to 0.9 s (TWT) in the deepest part of the basin (Fig. 4.4B and 4.5B). This mobile seismic mega-sequence is affected by fold structures (Fig. 4.6B) and thrust faults (Fig. 4.7A). The primary unit (A) is comprised of high amplitude reflectors with some chaotic intercalations (Fig. 4.6B). Unit (B) is a relatively transparent unit (Fig. 4.6B). The overlying unit (C) is composed of a set of high amplitude reflectors separated by more transparent intervals (Fig. 4.6B). The next unit (D) resembles the (B) unit. Finally, the uppermost part of this mega-sequence is characterized by high amplitude and high frequency mounted reflectors. This unit recalls he frequent hydrological changes at the top of the MSC Megasequence (unit E;

Description:

  The base of the M3 seismic mega-sequence or SP8 seismic unit corresponds to a high amplitude discontinuous reflector that can be traced throughout the basin and marks a significant change in the depositional environment (R8; Fig. 4.6B). The lower part of this unit consists of high amplitude hummocky reflectors (Fa 8; Fig. 4.6B) that evolve into low amplitude parallel to sub-parallel configurations (Fa 1; Fig. 4.6B and 4.7B) interbedded with high amplitude lobes (Fa 5, Fig. 4.6B and 4.7C) and occasional wavy configurations (Fa 9, Fig.

  turbidites and lobe deposits derived from the Nile deep-sea fan (Fig 1 and 7C). The east and south-east provinces of Eratosthenes Seamount are characterized by a gently folded seafloor (Fig. 4.1). This undulating morphology resulted from progressive sediment compression within the Messinian evaporites (contractional salt-cored fold and thrust systems, SP8 in Fig. 4.5B).

  seismic unconformities (ER1 to ER6) encompassing six seismic units (ESP1 to ESP6) that can be traced across the Eratosthenes Seamount (Fig.4.4B and 4.5B). A correlation with the deep basin is attempted.

Figure 4 . 6 :

 46 Figure 4.6: Seismic profiles illustrating the seismic facies observed in the Levant Basin: (A) Seismic facies in (M1); (B) Messinian (M2) and Pliocene (M3); (C) Mass transport complexes (MTCs). The interpretations of each of the fourteen identified seismic facies are based on previous works (e.g.,Gardosh et al., 2006;[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF].

ESP1Description:

  The deepest seismic sequence boundary ER1 (Fig. 4.5B and 4.7A) separates a seismic package with high amplitude, sub-continuous, sub-horizontal reflections (Fa 10; Fig. 4.7A), from another package with a moderate amplitude irregular reflection pattern (Fa 11; Fig. 4.7A). The ER1 crosses a gentle slope setting in the Levant Basin (Fig. 4.4B, 4.5B and 4.7A).To the south, the ESP1 unit is relatively transparent(Fa 11; Fig. 4.5B) while to the north, it is composed of high amplitude discontinuous reflectors(Fa 12; Fig. 4.7B). Details concerning the internal facies of this unit are beyond the scope of this paper[START_REF] Papadimitriou | Seamount: The evolution of an isolated carbonate platform at a major plate boundary (offshore Cyprus)[END_REF].Interpretation: Previous interpretations based on well and seismic data argued that the postrift sedimentation began during the Middle Jurassic (Bajocian/Bathonian) and aggrading carbonate platforms were identified onshore Lebanon and Egypt at that time (Fig.4.8A and 4.9A;Gardosh et al., 2010;[START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. The ER1 referred to as ER-F in[START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF], were identified onshore Lebanon and Israel, and possibly mark the transition from syn-rift sediments (Fa 10; Fig. 4.7A) to the first transgressive carbonate platforms developed on the syn-rift structural highs (ESP1; Fa 11 Fig. 4.7A, 4.8 and 4.9;

  succession of mound shaped (convex-up) configurations in ESP1, suggests an early backstep and aggradation of the platform margin (build-ups) to the north (ESP 1; Fig. 4.5B). ESP2 Description: Separated from the ESP1 by a 100-150 ms thick high amplitude, non-continuous reflector (ER2; Fig. 4.4B, 4.5B, 4.7A) the ESP2 seismic package is composed of high amplitude and frequency discontinuous or poorly continuous reflectors (F12; Fig. 4.7B). The top of this seismic unit is an erosional truncation that can be traced regionally (ER3; Fig. 4.4B, 4.5B and 4.7B).

4. 3 ;

 3 [START_REF] Hirsch | the Jurassic Facies in the Levant[END_REF], Lebanon[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] as well as along the Egyptian coastline (i.e., Upper Massajid Formation;[START_REF] Schutz | Structure and stratigraphy of the Gulf of Suez', Egypt[END_REF] Tassy et al., 2015a). The geometry of ESP2 represents a sequence that thickens to the north. Furthermore, the erosional surface on top of ESP2 labeled ER3 in Figs. 4, 5 and 7, must control the shape and the thickness of this seismic unit. The seismic reflection pattern of this unit could be compared to the equivalent unit observed on the Egyptian margin(Fa 12; Fig. 4.8A

  Fig. 4.7C) and to the north is composed of discontinuous low-amplitude high-frequency reflectors (Fa 10).

Figure 4 . 7 :

 47 Figure 4.7: Seismic profile showing the main seismic facies identified on the Eratosthenes Seamount: (A) Seismic facies identified on the southeastern edge of the Eratosthenes Seamount; (B) ESP2 and ESP3 with identified seismic facies; (C) Seismic facies in ESP2, ESP3 and ESP4 on the southern slope of the Eratosthenes carbonate platform.

Figure 4 . 8 :

 48 Figure 4.8: Interpreted seismic profiles for the eastern and the western margin of the Levant Basin: (A) Color coded east-west seismic profile showing the interpretation of the seismic facies of the Levant margin (Hawie et al., 2013); (B) Color coded east-west seismic profile showing the interpretation of the seismic facies of the Eratosthenes carbonate platform and the western part of the Levant Basin. The location of these profiles is shown in Fig. 1.

Figure 4 . 9 :

 49 Figure 4.9: Interpreted profiles for the Egyptian and the western margins of the Levant Basin: (A) Color coded northwest-southeast seismic profile showing the Jurassic and Cretaceous platform edges and slope deposits in the Egyptian margin (after Tassy et al., 2015a); (B) Color coded north-south seismic profile showing the interpretation of the seismic facies of the Eratosthenes carbonate platform. The location of the seismic profiles is shown in Fig. 1.

Figure 4 . 10 :

 410 Figure 4.10: (A) Synthesized stratigraphic column with the ODP results (modified from[START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF]; (B) Oxygen and carbon isotope record (𝜹 𝟏𝟖 𝜪 𝒂𝒏𝒅 𝜹 𝟏𝟑 𝑪) of the Cretaceous sequence (Well 967, modified from[START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF] vs. the planktonic foraminifera zone, ages, depth; (C) Oxygen and carbon isotope record (𝜹 𝟏𝟖 𝜪 ) of the Cretaceous sequence (plotted from Contessa Section,[START_REF] Haq | Cretaceous eustasy revisited[END_REF] vs. the planktonic foraminifera zone, ages, depth. The red bullets show the correlation between the two trends confirming the validity of Well 967 data.

Figure 4 . 11 :

 411 Figure 4.11: Correlation of the well with seismic data (line 2012) using the SGR (Spectral gamma ray) converted in time: (A) Flat top of the Eratosthenes Seamount (site 966); (B) Northern slope of the Eratosthenes Seamount (site 967).

Figure 4 . 12 :

 412 Figure 4.12: An updated onshore-offshore chronostratigraphic chart showing the most important lithologies and the major geodynamic events in the Eastern Mediterranean region (from[START_REF] Payne | Neogene supra-subduction zone extension in the west Cyprus Polis graben system[END_REF][START_REF] Flecker | 40. Structural Evidence for the Nature of Hiatal Gaps in the Upper Cretaceous To Holocene Succession Recovered From the Eratosthenes Seamount[END_REF][START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] Tassy et al., 2015a).

  Fig. 4.7C and 4.13C;[START_REF] Droste | High-resolution seismic stratigraphy of the Shu'aiba and Natih formations in the Sultanate of Oman: implications for Cretaceous epeiric carbonate platform systems[END_REF].Therefore after the Cenomanian, the platform was not able to keep up with the rise of the sea level resulting in the progressive deepening of the inner platform facies until the final drowning of the platform during the Coniacian (Fig.4.12 and 4.13C).The obduction of the ophiolites to the north during the Late Cretaceous could have enhanced the subsidence of the margin and the Levant Basin (flexural component, Fig.4.12 and 4.13D), and is marked by a major unconformity (i.e., Senonian unconformity; ER5; Fig.4.5B and 4.6) onshore

  and 12; Robertson, 1998a). The Cretaceous-Paleogene succession is known as the Lefkara formation and shows upward shallowing(Fig. 4.3 and 4.12;[START_REF] Robertson | Pelagic Chalks Robertson[END_REF][START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF]. The Paleogene succession observed onshore Cyprus differs from that of the Eratosthenes in two ways. First, the Paleogene sequences in Cyprus and in the Levant Basin are more continuous than the Paleogene succession on the Eratosthenes Seamount. Second, the equivalent interval of the Chalk and Chert unit observed onshore Cyprus is composed of reworked calcareous microfossils in the vicinity of the Eratosthenes Seamount

Figure 4 . 13 :

 413 Figure 4.13: Simplified sketch-diagrams showing the 3D conceptual model proposed for the western part of the Levant Basin (offshore Cyprus). Retrogradation, aggradation and progradation of isolated carbonate platforms are confirmed along the western margin, while deep water mixed settings prevail in the basin.

  Fig. 4.14B, which shows a partly depth converted S-N profile located at the southeastern edge of the ECPS. The effect of the Messinian thick salt velocities (pull up of the southern part of ECPs) have been corrected. Fig. 4.14C clearly shows that the southern part of the ECPs has been tilted (8°) at least since the Miocene. The MTCs in the deep basin (Fig. 4.6C) could be coeval to this tilt. Consideringthe whole structure (ECB), we propose that the ECPS was deformed in an antiformal structure due to the collision between the Cyprus Arc and the ECB. The northern flank of this structure has been described in[START_REF] Welford | Crustal seismic velocity structure from Eratosthenes Seamount to Hecataeus Rise across the Cyprus Arc, eastern Mediterranean[END_REF] and is overthrust by Cyprus Arc.

  we have included the maximum MSC sea level drop(1,500 m, CIESM 2008) and the level of the last MSC pale shore (800m;[START_REF] Bache | Messinian erosional and salinity crises: View from the Provence Basin (Gulf of Lions, Western Mediterranean)[END_REF]Bache, , 2015));[START_REF] Urgeles | New constraints on the Messinian sealevel drawdown from 3D seismic data of the Ebro Margin, western Mediterranean[END_REF][START_REF] García | The Catalan margin during the Messinian Salinity Crisis: Physiography, morphology and sedimentary record[END_REF] before the

Figure 4 . 14 :

 414 Figure 4.14: (A) S-N seismic interpreted profile; (B) Zoom of the southern edge of the Eratosthenes Seamount; (C) Partly depth converted seismic profile showing the main geometries on the southern edge of ECPs; (D) Zoom of the flat-top of ESM in order to show the MES.

Fig. 4 .

 4 Fig. 4.14 also shows that if the ECPS was deformed before the MSC, the Miocene build-ups could not have developed outside the ESM area (Fig. 4.14C) because the edge of the ECPS was already deep.

  The significant sources of sediments in the Levant Basin are considered to be (a) the northern sediment entry point through the Latakia region; (b) a possible southern source linked to the Nile Delta; (c) several canyons along the Israeli and Levant coasts; and (d) the Eratosthenes carbonate platform. • The upper Miocene part of the infilling of the deep basin could have derived from the deformation (8° of tilting) and dismantling (MTCs) of the ECPS and Cyprus arc due to the collision.
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 415 Figure 4.15: (A) E-W seismic profile in front of the Latakia Ridge, offshore Cyprus; (B) Interpreted E-W seismic profile showing the main seismic facies as well as the main interpreted seismic packages in front of the Latakia Ridge offshore Cyprus.
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 416 Figure 4.16: (A) E-W seismic profile crossing the northern slope of Eratosthenes Seamount and the Levant Basin offshore Cyprus; (B) Interpreted seismic profile showing the overall distribution of the interpreted seismic packages (SP) and the broadscale stratigraphic architecture across the northern slope of Eratosthenes Seamount and the Levant Basin offshore Cyprus.

Figure 4 .

 4 Figure 4.17: (A) E-W seismic profile passing from the Levant to the Herodotus Basin through the flattop of Eratosthenes Seamount; (B) E-W Seismic profile showing the overall distribution of the interpreted seismic packages (SP) and the broadscale stratigraphic architecture of the western part of the Levant Basin.

Figure 4 .

 4 Figure 4.18: E-W and N-S interpreted seismic profiles in the south-eastern margin of Eratosthenes Seamount showing the overall distribution of the interpreted seismic packages (SP) and the stratigraphic architecture of the carbonate platform to the south.

Figure 4 .

 4 Figure 4.19: (A) 2D north-south seismic profile crossing the eastern edge of Eratosthenes carbonate platform; (B) Interpreted seismic profile showing the overall distribution of the interpreted seismic packages (SP) as well as the seismic facies (Fa) along the eastern edge of Eratosthenes carbonate platform; (C) Color coded north-south seismic profile showing the interpretation allocated to the seismic facies of the Eratosthenes Seamount as well as the Levant Basin.

  , 1-1.25 km; Fig. 4.20D). Moreover, the sediments pinch out westwards on the slopes of Mesozoic carbonate platforms. The thickness of the rock unit at the Eratosthenes Seamount is relatively very low. Thus, the seamount appears to have been isolated from the siliciclastic sources (i.e., Nile and Levant margins; Fig. 4.20D).In the early Miocene (SP5), the depocenter shifted to the south with a maximum estimated thickness of about 1.2 km. This change may be occurred due to the uplift of the African and Arabian margins and the shoulders of the Red-Sea and the resulting input of eroded siliciclastics to the Levant Basin[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]. In contrast, around the Latakia Ridge area, the thickness decreases to less than 500 m (Fig.4.20E).The middle to the upper Miocene unit is somehow thicker than the previous unit. It reaches a thickness in the order of 1.5 km and the sediments appear to be evenly distributed in the western part of the Levant Basin, (Fig.4.20F). The Miocene canyons in the Levant margin combined with the MTDs that are interpreted near the Eratosthenes Seamount as well as the presence of Nile Delta indicate that the sediments are driven into the basin from several sources. On the flat-top of Eratosthenes Seamount, the isopach maps show some thin patches of sediments. These patches correspond to small pinnacle reefs (ca. 125-150 m) that are interpreted from the seismic data. The overlain Messinian sequence (SP7) represents the 1.5-2 km thick mobile unit in the center of the basin (Fig. 4.20.G). To the west this unit pinches on the slope of the Cenozoic and Mesozoic carbonate platforms where a maximum of 200 m of Plio-Quaternary (SP8) sediments reside (Fig. 4.20F). The following Plio-Quaternary succession is uniformly distributed in the Levant and exceeds the 1.4 km. On the contrary, the Herodotus Basin is covered by a thicker Plio-Quaternary unit (ca. 2-3 km) that might be related to the initiation of the Nile deep sea fan as well as the active Mediterranean ridge (Fig. 4.20F).

Figure 4 . 20 :

 420 Figure 4.20: Isopach maps showing the depocenters in the western part of the Levant Basin since the Middle Jurassic. The arrows mark the potential sediment pathways in the western part of the Levant Basin. Red dash line delineates the Continental Oceanic Boundary as it is defined by Granot, (2016).

Fault-

  Block platforms develop in rift basins such as the Red Sea on the footwall to rotating faultblocks. They have a wedge-shaped geometry and are formed when the fault-blocks rotates. Within this platform, rimmed-shelves characterize the fault-truncated footwall margins to fault-blocks, whereas hanging wall slopes are ramps and they pass down-dip into basin clastics (Fig.5.2A;[START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF].Salt Diapir platforms are located in passive margins and foreland basins. These platforms are formed on top of rising salt diapirs. They usually have circular, arcuate shapes and are characterized by a shallowing-upward depositional sequence, in aggradational stratigraphic pattern, in response to the relative shallowing of the rising diaper (Fig.5.2B).

Figure 5 . 2 :

 52 Figure 5.2: Tectonostratigraphic models for (A) Fault-Block carbonate platforms; (B) Salt Diapir platforms; (C) Subsiding Margin platforms; (D) Offshore Bank, or detached platforms; (E) Volcanic Pedestal platforms; (F) Thrust-Top platforms; (G) Delta-Top platforms; (H) Foreland Margin platforms[START_REF] Bosence | A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic[END_REF].
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  Fig. 5.4A). Both the Herodotus and Levant basins are covered by an infill about 12 km thick, mostly made of deepwater sediments. The four wells drilled during the Ocean Drilling Program (ODP Leg 1960)

  Fig. 5.7 is a stratigraphic summary chart of the Eastern Mediterranean based on offshore well data from the Ocean Drilling Program (ODP) and previous regional studies (e.g.,[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF] Tassy et al., 2015a; Papadimitriou et al., accepted). The Egyptian and the Levant margins are characterized by Mesozoic and Cenozoic mixed carbonate-siliciclastic systems (Fig. 5.7). After the opening of Neotethys Ocean during the Late Triassic, the Egyptian and Levant margins allowed the development of a wide Jurassic to Cretaceous carbonate platforms attached to the Afro-Arabian Plate. During the Early Cretaceous, the shallow carbonate system was replaced by terrigenous sediments originating from the inner continent. In contrast, in the Eratosthenes domain, shallow carbonate sedimentation continued until the Late Cretaceous (Fig. 5.7).

Figure 5 . 6 :

 56 Figure 5.6: Paleogeographic reconstruction map showing the position of the Eratosthenes Seamount and the different environments prevailing in the Eastern Mediterranean region during the Callovian (modified from[START_REF] Vrielynck | The Mesozoic palaeogeographic evolution of Anatolides[END_REF].The drillings of the ODP Leg 160 on the Eratosthenes Seamount provided the first record of the pre-Messinian pelagic and shallow-water carbonates from the Eastern Mediterranean (Fig.5.5 and 5.7;[START_REF] Silva | 30. Cretaceous Foraminiferal Bio-Isotope Stratigraphy of Hole 967E[END_REF]. The stratigraphic record of ODP Leg 160 shows a transition from neritic carbonates to deep marine carbonates during the Coniacian. At that time, the Afro-Arabia and Eurasia began to converge and ophiolitic material obducted on the Arabian and Eurasian plates (e.g., Troodos Ophiolites;Fig. 5.7;[START_REF] Müller | Fracture zones in the North Atlantic from combined Geosat and Seasat data[END_REF][START_REF] Robertson | Probing continental collision in the Mediterranean Sea[END_REF][START_REF] Bowman | Regional seismic interpretation of the hydrocarbon prospectivity of offshore Syria[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF] 

Figure 5 . 7 :

 57 Figure 5.7: Updated onshore-offshore chronostratigraphic chart depicting the major hiatuses' ages of the Eastern Mediterranean region(Papadimitriou et al., accepted).

  5.10B and 5.11B, with ESP2 f1 facies and prograding geometries). The specific seismic facies of units ESP1 and ESP2 are very similar, thereby reinforcing our interpretation of an Upper Jurassic age for units ESP1 and ESP2.The seismostratigraphic architecture of ESP1 and ESP2 shows a slightly retrograding geometry of the shelf edge to the north. However, the location of the ESP1 shelf edge is difficult to determine due to possible escarpment control by faulting (see dashed line in Fig.5.11A). Towards the deep basin, the ER1/R1 horizon corresponds to a basin-wide seismic boundary and is interpreted as the transition from the Lower Jurassic, shallow marine carbonates to the Middle-Upper Jurassic deep marine sediments (see also inGardosh et al., 2006;[START_REF] Lie | New Insights into the Levantine Basin[END_REF].The slope of the platform is characterized by alternating transparent units (see SP1 Fig.5.9A and 5.9C) and high amplitude low-frequency seismic reflectors (see SP2, Fig.5.9C). The SP2 reflector that onlaps the toe of the Jurassic paleoslopes may correspond to resedimented carbonate that dismantled from the external platforms and slopes in the deep basin. The subaerial exposure of the Upper Jurassic platform edge which is marked by karstification could have triggered destabilization along the slopes.Data from wells offshore Egypt and Israel have shown that the Late Jurassic unit is represented by redeposited reefal limestones, oolitic and pellet grainstones, fining towards the basin, suggesting a transition from a shallow to a deep marine setting (i.e., the Delta and Yam formations,Tassy et al., 2015a).

  The ESP4 Seismic package shows a lateral change of the seismic facies from the south to the north and variations in thickness. To the north, the seismic pattern is similar to the ESP3 and could represent an aggrading carbonate platform (keep-up, Fig.5.10C). The top of the aggrading sequence is marked by a moderate amplitude continuous reflector (ER5) (Fig. 5.9A 5.10A, 5.10B, 5.11A and 5.11C). On the southern part of Eratosthenes carbonate platform, the ESP4 unit consists of disordered, with moderate amplitude clinoforms that downlap on the ER4, showing shelf progradation (f4; Fig.5.10B and 5.11C). The clinoforms are multi-directional and prograde some 18 km northwards and 12 km southwards, completely filling an intra-shelf basin (E-W-trending depression).

  The different seismic sequences (ESP1, ESP2, ESP3, ESP4, ESP6) in the vicinity of Eratosthenes document five major periods of carbonate aggradation, retrogradation and progradation separated by the main unconformities and flooding surfaces. These are (a) the Late Jurassic carbonate platforms (ESP1 and ESP2; Fig. 5.9A, 5.10A, 5.11A, 5.12 ,5.13B and 5.14A); (b) the Early Cretaceous carbonate platform (ESP3 Fig. 5.9A, 5.9D, 5.10B, 5.11, and 5.14B); (c) the Late Cretaceous carbonate platform (ESP4) and (d) the Miocene (ESP6, Fig. 5.12C and 5.14D).
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 514 Figure 5.14: Simplified diagrams showing the 3D conceptual model proposed for the stratigraphic evolution of the Eratosthenes carbonate platform. The seismic interpretation, as well as ODP Leg 160, confirmed that the evaporitic sequence is missing from the flat-top of the Eratosthenes Seamount and that the Pliocene sediments rest uncomfortably on the shallow Miocene marine carbonates. According to Bottcher et al., (1998) the early Pliocene sediments are inferred to be paleosols (Fig. 5.14E). The numerous sinkhole features visible across the
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 516 Figure 5.16: Seismic profiles of four Tethyan carbonate platforms: (A) Egyptian margin(Tassy et al., 2015a); (B) Lebanese margin[START_REF] Hawie | Tectono-stratigraphic evolution of the northern Levant Basin (offshore Lebanon)[END_REF]; (C) Apulia platform[START_REF] Santantonio | The Ombrina-Rospo Plateau (Apulian Platform): Evolution of a Carbonate Platform and its Margins during the Jurassic and Cretaceous[END_REF]; (D) Eratosthenes carbonate platform (this study).

  platform. A depth-map of the successive stages of the carbonate platform to slope system, showing different physiography was produced. Concerning the Mesozoic -Cenozoic platform paleogeography and structural framework, the most important results of the present study are: • The Eratosthenes Seamount corresponds to a fault block platform, where the position of basement-high and post-rift aggradation was controlled by inherited structures of the Tethyan rifting (i.e., transform faults and different crustal thickness between the Eratosthenes Seamount and the Levant Basin). • Carbonate platforms developed on this structural high during four periods of carbonate aggradation, retrogradation and progradation, punctuated by major unconformities and drowning surfaces:(a) the Late Jurassic, (b) the Early Cretaceous, (c) the Late Cretaceous and (d) the Miocene.

•

  During the late Oligocene to early Miocene, the geodynamic context evolved into a foreland basin along the Cyprus Arc. A flexural regime deformed the Eratosthenes Seamount after the Oligocene, with a peak during the late Miocene (pre-Messinian Salinity Crisis) and its northward tilting under Cyprus Arc. of Cyprus accounts several Paleogene and Neogene basins. These basins are (from east to west): (a) the Mesaoria Basin; (b) Psematismenos Basin (PSB), (c) Limassol Basin (LB), and (d) Polis Basin (PB) (Fig. 6.1). All these basins are thought to record the main tectonic events that are related to the convergence of the Africa and Eurasia after the formation of the Troodos Ophiolites. A thick sequence (~200-1000 m) of sedimentary rocks accumulated on the Troodos Ophiolites, since the
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 61 Figure 6.1: Simplified geological map of Cyprus illustrating the distribution of the basement terranes: the Troodos Ophiolites in purple, the Mamonia Complex in brown, and the Keryneia Range in greyand sedimentary cover and the main sedimentary basins. A distinction is made between circum-
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 6 Figure 6.4:(A) Studied outcrop near Koilani village (34°50'15.52"N; 32°51'31.12"E); (B) Thin bedded bioclastic grainstones; (C) Traces of mega-ripples in a bioclastic grainstone; (D) Photomicrographs (PPL -Plane Polarized) of packstone/grainstones with abundant benthic and pelagic foraminifera; (E) Photomicrographs (PPL -Plane Polarized) of micritic wackestone to packstone containing pelagic foraminifera.

Figure 6 .

 6 Figure 6.5: (A) Studied outcrop of the upper Pakhna Formation in the eastern part of Limassol Basin (34°43'19.76"N; 33° 1'2.19"E); (B) Grainstones interbedded with wackestones; the base of the calcarenitic unit is composed of allochthonous grains; (C) Bioturbated w/p grading to grainstone; (D) Photomicrograph (PPL -Plane Polarized) of calcarenite with shell debris and quartz.
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 66 Figure 6.6: (A) Reef limestones found near the Androlykou quarry (35°0'0.91"N; 32°23'7.70"E); (B) Photograph showing coral fragments in a boundstone; (C) Photograph showing corals that are probably in place; (D) Photograph showing allochthonous pebbles in the reefal limestone (floatstone).
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 67 Figure 6.7: (A) Photograph showing a studied outcrop of fore-reef deposits in the Pegeia region(34°53'27.35"N, 32°21'56.77"E); (B) Photomicrograph (PPL -Plane Polarized ) of a packstone to grainstone with benthic foraminifera ([1].red algae-cross section;[2]crinoids;[3] Lepidocycnlina; (C) coral fragment; (D) Photomicrograph (PPL-Plane Polarized) of packstone with benthic foraminifera ([2] crinoids;[4]Miliolids); (E) Photograph showing allochthonous pebbles found within the reefal limestones

  6.8B). Red algae debris is only occasionally present, while coral fragments are not present at all. The variety of fauna in these textures (bivalves, and benthic foraminifera, such as ([1] Lepidocyclina and [2] Nummulites), indicate normal salinities and, thus, open-shelf conditions (Fig. 6.3; Table 6.1). This facies is mainly exposed in the Pegeia region, (i.e., in the western side of the Polis Basin 34˚53'10.57" N, 23˚20'52.2" E). Biostratigraphy analysis has shown the presence Helicosphaera ampliaperta (NN4 -NN2) and (SABN) Sphenolithus heteromorphus (NN5 -NN4) indicating an early Miocene -middle Miocene age.

Figure 6 . 8 :

 68 Figure 6.8: (A) Studied outcrop of open shelf deposits (Fa 3A) in the Pegeia region(34;53;10.57 N; 23; 20; 52.2); (B) Wackestone with some bioturbation; (C-D) Photomicrographs (PPL -Plane Polarized) of (C) Packstone with medium to low porosity ([2] Nummulites, [3]crinoids, [4] Globigerina planktonic foraminifera ); (D) Packstone with benthic foraminifera ([1]Lepidocyclina, [2] nummulites [5] red algae)

Figure 6 .

 6 Figure 6.9: (A) Photograph showing a turbidite system in the Limassol Basin (34°48'23.30"N; 32°47'29.49"E); (B) Wackestone grading to packstone; (C) Highly bioturbated mudstone grading to packstone.

Figure 6 . 10 :

 610 Figure 6.10: (A) Panoramic view of the MTDs identified along the Limassol-Pafos highway (34°45'21.30"N, 34°45'21.30"N); (B) Photograph of the MTDs in the north-western part of the Limassol Basin, near Anogyra village (34°45'21.30"N, 32°41'31.20"E).

Figure 6 .

 6 Figure 6.11: (A) Sedimentary log of an outcrop near Korfi village illustrating the upper Lefkara contourites (34°48'10.11"N; 32°58'41.68"E); (B) Cross-bedded grainstones fining to marlstones; (C) Mudstone overlain by gross bedded grainstones suggesting the initiation of a new cycle; (D) Micritic non-porous mudstone, rich in pelagic foraminifera.

Figure 6 . 12 :

 612 Figure 6.12: (A) Studied outcrop of basinal sediments near Monagri village (34°47''16.07''N 32°54'53.99''E); (B) Alternations of mudstone/wackestones with packstones; (C) Highly bioturbated mudstone; (D) Photomicrograph (PPL -Plane Polarized) of wackestone with benthic and planktonic foraminifera.

Figure 6 .

 6 Figure 6.13:(A) Photograph of a cliff formed of marly chalks; (B) Closer view of the wackestone/marlstone unit(35° 1'48.35"N; 33°19'24.35"E). Fa 5C Some chalky beds composed of wackestones and mudstones with planktonic foraminifera of Paleogene sediments are interbedded by chert nodules (Fig.6.15A and 6.15B). The chert bands have different color regarding their position in the sequence. In particular, they are yellow at the base of the sequence, and they become grey higher up in succession. According to[START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF] this sequence corresponds to the Chalk and Chert Unit of the Lefkara Formation. Based on the faunal assemblage of these sediments he proposed that the whole succession deposited in a bathyal setting (between 2000 to 3000 m water depths) most probably below the Araganonite Compensate Depth (ACD).

Figure 6 .

 6 Figure 6.14: (A) Photograph showing of the Chalk and Chert Unit in an outcrop near Nata village (34°46'27.60"N; 32°34'1.62"E); (B) Photomicrographs (PPL -Plane Polarized) of micritic mudstone containing pelagic foraminifera.

  ). The first (A-A') is along the southern part of the basin (Fig 6.16 and 6.17A) while the second (B-B') intersects its northern part through the Akamas Peninsula and towards the Pelathousa village (Fig.6.16 and 6.17B). The thicknesses of the formations are based on field observations, as well as on some boreholes drilled by the Cyprus Geological Survey.

Figure 6 . 16 :

 616 Figure 6.16: Simplified geological map of the western part of Cyprus showing the main geologic formations with their ages (Adapted from Cyprus Geological Survey Department 1995). The black lines show the trend of the two constructed cross-sections during the field campaign. [1] Pegeia region; [2] Akamas Peninsula; [3] Polis Graben; [4] Peristerona-Pelathousa Block.

  6.16). The Structural Unit 4 is located along the eastern flank of Polis Graben (Unit 3) along NW-SSE trending faults. The faults are defined by the juxtaposition of the Troodos Ophiolites and the Pliocene to Quaternary successions (Fig. 6.16).

Figure 6 .

 6 Figure 6.17: Cross-sections that are intersecting Polis Basin: (A) SW-NE cross-section intersecting the southern part of Polis Basin from Pegeia region to the Pelathousa village and (B) SW-NE crosssection through the northern part of Polis Basin from Akamas Peninsula to the Pelathousa village; (see the location on the map Fig. 6.16).

Figure 6 . 18 :

 618 Figure 6.18: Panoramic view of the contact between the Miocene (Pakhna Fm), Paleogene (Lefkara Fm) and Late Cretaceous (Kathikas Fm) sediments. The contact between the Miocene and the Cretaceous sediments is shown by the red line (34°55'33.81"N; 32°24'57.09"E).

Figure 6 .

 6 Figure 6.19: Schematic illustration of the contact between the Miocene (Pakhna Fm), Paleogene (Lefkara Fm) and Late Cretaceous (Kathikas Fm) sediments (black curve line indicates a thrust).

Figure 6 .

 6 Figure 6.20: (A) Sedimentary log measured in the Pegeia region (Structural Unit 1 see in the map Fig.6.16) showing the main sedimentary facies from the Late Cretaceous to late Miocene as well as the ages subdivisions deduced from biostratigraphic analysis; (B) Chalk and Chert Unit representing Fa 5C; (C) Karstification identified near Kathikas village indicating early Miocene uplift; (D) Coral fragment in a bioclastic packstone/grainstone; (E) Alternation of wackestones and packstones representing the facies Fa 3A.

Figure 6 .

 6 Figure 6.21: (A) Sedimentary log measured in the northern part of Polis Basin (i.e., Structural Unit-2, Akamas Peninsula; 35°1'36.80"N; 32°19'39.60"E); (B) Photograph showing the Koronia Member sitting unconformably on top of Mesozoic sediments; (C) Photograph showing the contact between the Koronia Member and the Mesozoic sediments; (D) Coral fragments and allochthonous clasts mixed within the deformed reefal limestones of Koronia Member.

  are exposed. Hence, in order to examine the transition from Pliocene to Miocene sediments a 260-m deep borehole 1980/076 (Fig. 6.23A) drilled by the Geological Survey Department has been studied.

Figure 6 . 22 :

 622 Figure 6.22: Panoramic view of a late Miocene listric fault at the western border of Polis Graben-(34°57'6.77"N; 32°25'43.89"E).

  6.16).According to Turner, (1971) the eastern flank of Polis Graben uplifted due to a blind thrust that runs south-west of the Pelathousa-Peristerona block (Fig. 6.15). This was based on two arguments: (a) the complete vanishing of the Troodos Ophiolites west of this fault, and (b) the presence of late Miocene reefs on top of late Cretaceous volcaniclastic sediments (Kannaviou Formation; Fig. 6.24).

Figure 6 .

 6 Figure 6.24: (A) Panoramic view of the Koronia Member sitting on top of Late Cretaceous sediments in the north-eastern flank of Polis Basin (34°59'59.59"N; 32°29'4.48"E); (B) Massive boundstones of late Miocene reef (Koronia Member)

6 .

 6 26E). The Rudstones consist of corals, red encrusting algae, nummulitids and echinoderms suggesting a barrier reef setting (FA 2A and B). Base on the results of radiogenic strontium isotopic analyses, Blanpied, (2017) has shown that the exposed outcrop refers to late Miocene sediments.

Figure 6 . 25 :

 625 Figure 6.25: Panoramic view of an anticline striking in a north-south direction at Evretou dam(34°58'36.30"N, 32°28'24.60"E). The late Miocene shallow marine sediments are adjacent to the coastal to open marine Pliocene sedimentsThe facies analyses, as well as the biostratigraphy results, have shown that the eastern flank of Polis Basin is characterized by shallow marine reef limestones similar to those that are observed on the Akamas Peninsula. It should also be noted that the distribution of late Miocene reefal facies, as well

Figure 6 .

 6 Figure 6.26: (A) Sedimentary log illustrating the main facies and the depositional environments in the eastern flank of Polis Basin; (B) Prograding bioclastic sand shoals (SE direction); (C-D) Photomicrographs (PPL -Plane Polarized) of (C) grainstone with ([1] nummulites, [2] red algae debris and other benthic foraminifera) and (D) grainstone with [3] miliolids,[4] Lepidocyclina; (E) coral fragments.

Figure 6 . 27 :

 627 Figure 6.27: Synthesized scheme and paleoenvironmental maps illustrating the evolution of the Polis Basin from the Late Cretaceous until the middle Miocene.

Figure 6 . 28 :

 628 Figure 6.28: Synthesized scheme and paleoenvironmental maps illustrating the evolution of the Polis Basin during the (D) late Miocene and (E)Pliocene.

  6.30). Each lithostratigraphic package has a variable thickness, which reflects: (a) lateral and vertical variations in the depositional architecture, (b) syn-and post-depositional faulting and (c) erosion. The Aquitanian to Recent units overly and are juxtaposed against the Mamonia Complex (Dhiarizos group; Chapter 2.4.2) to the west of the basin at Petra tou Romiou (Fig.6.31 and 6.32).

Figure 6 . 29 :

 629 Figure 6.29: Simplified geological map of the southern part of Cyprus showing the main structures and the main formations found in the Limassol Basin (Adapted from Cyprus Geological Survey Department 1995).

Figure 6 . 30 :

 630 Figure 6.30: Simplified stratigraphic log illustrating the main lithostratigraphic units found in the Limassol Basin (modified fromKinnard, 2008) 

Figure 6 .

 6 Figure 6.31: (A) Sedimentary log showing the lithology and the change in the depositional environment between the Cretaceous (Dhiarizos group) and the Paleogene sediments (Lefkara Fm) (34°39'0.51"N; 32°41'43.48"E); (B) Photograph showing the contact between the Dhiarizos group and the Lefkara Fm (34°39'0.51"N; 32°41'43.48"E); (C) Photograph of deformed Chalk and Chert beds.

Figure 6 .

 6 Figure 6.32: (A) Sedimentary log illustrating the change in the depositional environment between the Paleogene (Lefkara) and the Miocene (Pakhna) formations (34°39'0.51"N; 32°41'43.48"E); (B) Photograph of the contact between the Cretaceous (Dhiarizos group), the Paleogene (Lefkara Fm) and the Neogene (Pakhna) sediments. Miocene/ Paramali sedimentary "composite" log (1)

Figure 6 . 33 :

 633 Figure 6.33: Field photos showing the main facies observed in the western part of Limassol Basin: (A) Outcrop with mudstone to packstone textures (0.1-0.3 m) (34°39'41.10"N; 32°48'26.50"E); (B) Wackstone composed of bivalves and common benthic forams (34°39'41.10"N; 32°48'26.50"E); (C) Alternations of thickly-bedded, bioclastic floatstones (0.5-1 m) (34°40'30.30"N; 32°49'15.23"E); (D) Coral fragment; (E) Outcrop with wackestone and mudstone textures (0.2 m); (F) Wackstone with bivalves and bioturbation; (G) Wackestone/packstone layers, cut by a thick deformed unit.

Figure 6 . 34 :

 634 Figure 6.34: Field photos showing the main facies observed in the western part of Limassol Basin: (A) Small patch reefs near Paramali village (34°41'3.01"N, 32°50'28.51"E); (B) Panoramic view of turbidites cut by MTDs (34°42'12.22"N, 32°51'18.33"E); (C) Panoramic view of MTDs below open shelf deposits which in turn are topped by bioclastic shoal deposits; (D) Bioclastic packstones to grainstones prograding towards the NE (34°43'30.90"N; 32°43'44.60"E); (E) Bivalves flooring the bioclastc grainstones/rudstones.

Figure 6 .

 6 Figure 6.35: (A) Field photo showing an erosional contact between the mudstone/wackestones beds and the bioclastic grainstones on the top of the Pakhna formation, near Pakhna village 34°46'34.04"N; 32°46'59.90"E); (B) Schematic illustration of the erosional contact showing the transition from deformed wackestone layers to a rudstone unit as it is described in the Fig. 6.35A; (C) Photograph showing a massive boundstone unit composed of corals (34°46'35.04"N; 32°46'58.90"E) 

Figure 6 .

 6 Figure 6.36: (A) Sedimentary log of a studied outcrop near Koilani village illustrating the transition from the Upper Lefkara to the Lower Pakhna Formation; (B) Photograph of the studied outcrop near Koilani village (34°50'15.52"N; 32°51'31.12"E); (C) Photograph showing the contact between the Pakhna the Lefkara formations (red dash line) as well as the transition from basinal to intertidal deposits; (D) Mega-ripples in a packstone/grainstone bed .

Figure 6 .

 6 Figure 6.37: (A-B) Alternations of wackestone to packstone layers interbedded with thick bioclastic grainstones (34°49'37.40"N, 32°48'1.90"E); (C) Packstone beds, rich in bioclastic content fining upwards into mudstones (Fa 4A); (D) Photograph showing the transition from a mudstone to a packstone bed; (E) Turbidites of Pakhna formation, cut off byMTDs (34°48'29.64"N; 32°47'35.65"E).

Figure 6 . 38 :

 638 Figure 6.38: Field photos showing the main facies observed in the eastern part of Limassol Basin: (A) Contourites of the Upper Lefkara Formation near Korfi village (34°48'11.30"N, 32°58'39.70"E); (B) Cross-bedded grainstones which are fining to marlstones; (C) Bioclastic, rich in benthic foraminifera packstones; (D) Photomicrographs (PPL-Plane Polarized) of wackestone/packstone rock with minor

Figure 6 . 39 :

 639 Figure 6.39: Photos showing the main facies on the very top of Armenochory section: (A) Pograding clinoforms of bioclastic shoals (NW) near Yermasogeia dam (34°44'54.39"N; 33°5'41.59"E); (B) Packstone to grainstone beds alternated with highly bioturbated wackestones; (C) Grainstone with bioclastic content and some non-carbonate component, associated with sandstones, feldspar aggregates, and rare quartz.

Figure 6 . 40 :Figure 6 . 41 :

 640641 Figure 6.40: Synthesized measured and interpreted log sections of key exposures of the Miocene succession in Limassol Basin: (A) Paramali Composite sedimentary log and (B) Koilani composite sedimentary log. They represent an N-S transect to the western part of the Limassol Basin.(see the location of the logs in Fig.6.29) (see the location of the logs in Fig.6.29) 

Figure 6 . 42 :

 642 Figure 6.42: Synthesized scheme and paleoenvironmental maps illustrating the evolution of the Limassol Basin during the Miocene.

Figure 6 . 43 :

 643 Figure 6.43: Tectonic map of the Eastern Mediterranean based on a Bouguer gravity map (from Granot, (2016); The dashed lines delineate the suspected location of fracture zones based on magnetic anomalies. ESM=Eratosthesnes Seamount; COB=Continental Oceanic Boundary.

  the Mamonia Complex represents remnants of Upper Triassic intra-oceanic volcanics adjacent to the southern Neotethyan passive margin. This interpretation is enhanced by the presence of similar volcanics which have been traced from the Himalaya Range to the Eastern Mediterranean (Baër-Bassit), through Oman (Lappiereet al., 2007). The juxtaposition of the Mamonia Complex and Troodos Ophiolites occurred in three main phases. The first two took place during the Campanian, and are associated with dextral transtension, which is related to the South Troodos Transform Fault (Chapter 2.4.3) and the anticlockwise rotation of the Troodos Microplate with respect to the main geodynamics[START_REF] Bailey | Kinematic history of a reactivated oceanic suture: the Mamonia Complex Suture Zone, SW Cyprus[END_REF], Lappiere et al., 2007). The final collision of the two complexes occurred during the Maastrichtian. At that time, westerly-directed thrusting, at the slope of Troodos Mountains, and sinistral transpression along the Mamonia Suture Zone took place(Chapter 2.4.3; Fig. 6.44A). The transpressional movement is recognized by a transverse fault zone along the Xeropotamos River, which separates the Limassol and Polis basins. This fault zone defines the limits of the Mamonia

  ), and Limassol as a flexural basin (Fig.6.43 and 6.45B). Hence, as it is documented above (Chapters 6.1.2 and 6.2.3) different mechanisms controlled the subsidence of each basin. The subsidence in Polis Basin must have been occurred due to the tilting of the basement as a result of the SW propagation of the thrust belt and the contemporaneous uplift of the southern slopes of the Troodos Mountains during the Serravallian. In contrast, the thrust activity of the Yerasa Fault, cause the displacement of the Troodos Ophiolites, which in turn resulted in significant subsidence in Limassol basin during Tortonian (Fig.6.45).

Figure 6 .

 6 Figure 6.44: Paleoreconstructions showing the evolution of southern Cyprus based on the forward propagation model.

  geochronological observations, related to the rate of uplift in southern central Anatolia, are in agreement with the slab break-off model. According to Cosentino, (2012) the 200 Ma slab began to break off during the late Miocene, beneath eastern Anatolia, and the tearing of the slab propagated westward through time. Nevertheless, two mechanisms were proposed for the slab break-off; a deep, or a shallow one. The deep slap-break off

Figure 6 . 45 :

 645 Figure 6.45: Geological map of southern Cyprus with the main structures that have been discussed during the present study; (A) Cross-section of Polis Basin; (B) Cross-section of Limassol Basin; CA=Cyprus Arc PFS=Pafos Fault System; ATF=Arakapas Transform fault; P.B=Polis Basin; L.B=Limassol Basin, KF=Kathikas Thrust.

  contrast, the 500 m compacted thickness of the Tortonian series in the Limassol Basin implies the local emplacement of a substantial lithospheric load to generate such rates of flexural subsidence. Hence, the Limassol Basin was controlled by, thick-skinned tectonics. Thin-skinned vs. thick-skinned tectonics can explain the eastward increase (from 50 to 500 m) in the sedimentation, along the southern limits of the Polis and Limassol basins.

Figure 6 . 46 :

 646 Figure 6.46: Synthesized chronostratigraphic chart which shows the lithologies and the major hiatuses in Limassol and Polis basins with respect to the main geodynamics.

Figure 6 . 47 :•

 647 Figure 6.47: Sketch showing the main structural units of the central Pyrenees and the major anticlines of the Ainsa Oblique Zone at the western boundary of the major thrust in the central Pyrenees. Crustal cross-sections at both sides of the Ainsa Oblique Zone illustrate changes of the structural style along strike. AOZ=Ainsa Oblique Zone; A=Añisclo Anticline; B=Boltaña Anticline; M=Mediano Anticline; C=Cotiella; PM=Peña Montañesa; SCU=South Pyrenean Central Unit; Bx=Bóixols; SM=Serres Marginals (modified from[START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF].6.4 ConclusionsBased on fieldwork in southern Cyprus, and a review of previous works, a better understanding of the tectonostratigraphic evolution of Cyprus has been achieved. The results pertaining to the sedimentary filling and the structural evolution of two Neogene basins (Polis and Limassol) as follows:

  Seismic and field data have always been thought to be critical tools in resolving the jigsaw of the interplay between tectonics and eustatism which in turn are the main controlling factors of the basin infill. Seismic interpretation and more particularly seismic stratigraphy reveal information regarding the depositional geometry of the sedimentary infill covering large-scale areas, whereas field studies cover smaller regions but reveal a more accurate picture regarding the depositional environments, facies distributions and the type of deformation. Difficulties and uncertainties were faced when assessing the basin evolution. Some of these uncertainties are: (a) the definition of the age allocations of seismic packages and outcrops; (b) paleobathymetry and (c) location of the sediment sources and

  Fig 4.5 and 4.6; Table 4.2 and 4.3). The different response in acoustic impedance between basinal sediments and shallow carbonates helped in distinguishing the slopes and the transition from the Eratosthenes isolated carbonate platform (M4. Fig. 4.5 and 4.6) to the deep basin (M1-M3, Fig. 4.5 and 4.6).

Four

  carbonate platforms (three Mesozoic and one Cenozoic) have been identified on top of a basement high at the western margin of the Levant (Chapter 4.4 and Chapter 5.4, Fig.5.9-5.13). The main seismic boundaries identified on top of carbonate platforms refer to erosional truncations, major flooding surfaces, downlap surfaces and slope onlap surfaces, whereas the seismic sequences in the deep basin are marked only by flooding and geometric unconformities (marine onlaps). Each of the surfaces identified on top of the carbonate platforms correlates to slope onlap surfaces of the basinal sediments (Chapter 5.4, Fig.5.9).Having interpreted four significant periods of carbonate platform development which are characterized by retrogradation, aggradation and progradation the dominant controlling factors for the evolution of a carbonate platform have been examined (Chapter 5.5, Fig.5.9-5.12).The position of basement-high is controlled by structures inherited from the Tethyan rifting (i.e., transform faults and a different crustal thickness between the Eratosthenes Seamount and the Levant Basin; Chapter 5.4,Fig. 5.8;[START_REF] Sagy | The enigma of the Jonah high in the middle of the Levant basin and its significance to the history of rifting[END_REF][START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF]. Furthermore, the distance of the paleorelief from the continent has a fundamental role in the evolution of a carbonate platform. This statement has been confirmed by comparing of Eratosthenes, with other Tethyan carbonate platforms(Chapter 5.5 Fig.:5.16

  During the field studies, MTDs of Tortonian age have been described within Limassol Basin. The seismic interpretation has also shown an MTDs event of similar age near the vicinity of Eratosthenes Seamount(Chapter 4.4, Fig. 4.8A, 4.9, 4.10 and Chapter 4.5, Fig: 4.15C). The MTDs onshore and the MTCs offshore Cyprus have different thicknesses and range since the Eratosthenes was already a thick shallow carbonate platform (5 km) whereas the Limassol basin was formed by less than 1km of shallow marine and relatively deeper carbonates (Chapter 6, Fig.6.46). The lithofacies of the onshore MTDs is typical of deep marine sediments. These events are related to the initiation of the Pafos Thrust which is located near to the southern coastline of the island. It is suggested that tectonic uplift due to thrust activity cause repeated tilting of the sea floor and thus the initiation of mass failures. In contrast, the nature of the offshore MTCs is not confirmed, but their geometrical position (at the toe of Eratosthenes carbonate slopes) show that they could be either detached from Eratosthenes carbonate platform and/or the Cyprus thrust fronts(Chapter 4, Fig 4.7A and 4.15C

  platform development, punctuated by unconformities and drowning surfaces have been recognized: (a) the Late Jurassic, (b) the Early Cretaceous, (c) the Late Cretaceous and (d) the Miocene (Chapters 4.5 and 5.5). The Late Jurassic seismic unit corresponds to a retrograding/ aggrading isolated carbonate platform, with well-marked shelf edges (Chapter 5, Fig. 5.13A).

  Fig. 5.13B and 5.13C). Clear carbonate prone-gravity driven accumulations have been identified at the toe of the Jurassic/Cretaceous slopes marking the transition with the deep Levant Basin (Chapter 5.4; Fig. 5.9C).

  Tectonics: The presence of pinnacle reefs south of Eratosthenes Seamount and the recently discovery of biogenic gas in Cretaceous/Miocene carbonate platform (i.e., Zohr field) under 1 km of evaporites has been interpreted by the acceleration of the subsidence of a thinned continental crust in the deep basin during the salt deposition and the over-thrusting of distal domains(Chapters 5, Fig. 5.14). Using a modeling method proposed byRabineau et al., (2014) adapted to the carbonate platforms wedges it is possible to quantify the subsidence of the basin and the subsequent tilting of the shelf edges of the carbonate platform. Other methods that can also be used for consolidating our proposed model are backstripping or analog (sandbox) modeling.Integration with other projects:The results of this project should be integrated with the work conducted by Vasilis Symeou which target to understand the structures in the western part of the Levant Basin as well as the works undertaken by[START_REF] Hawie | Architecture, geodynamic evolution and sedimentary filling of the Levant basin: a 3D quantitative approach based on seismic data[END_REF] andGalayini (2015) regarding the eastern part of the Levant. Also, the on-going Ph.D. project of Sebastian Grohmann (IFP Energies Nouvelles, UPMC, RWTH Aachen University), concerning the potential source rocks and petroleum systems of Cyprus, will undoubtedly benefit from this project. The integration of all these studies will be a part of a large geologic model of the Levant Basin that will allow reducing uncertainties on the petroleum systems and enhance our understanding of the tectonostratigraphic evolution of the Levant Basin.

Figure 2 :

 2 Figure 2: (A) 2D south-north seismic profile of the northern Levant Basin offshore Cyprus southern Latakia area offshore;(B) 2D south-north interpreted seismic profile showing the main seismic packages and the main seismic facies offshore Cyprus in the southern Latakia area.

Figure 3 :

 3 Figure 3: (A) 2D south-north seismic profile crossing Herodotus Basin in the westernmost part of Cyprus EEZ; (B) 2D south-north seismic profile crossing Herodotus Basin with the main seismic packages and proposed lithologies in the westernmost part of Cyprus EEZ.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 4 .1: Seismic facies characterization of the northern Levant Basin offshore Cyprus Seismic Facies Reflection Configuration

 4 

			Amplitude	Continuity	Frequency	Interpretation	Seismic
							Pattern
	Fa 1	Sub-parallel	Low	Moderate	Low	Fine-grained
		with minor				deep marine
		chaotic				sediments
		configuration				
	Fa 2	Chaotic non-	Moderate	Low	Low	MTDs
		continuous				
		reflectors				
	Fa 3	Parallel to	High	High	Medium	deep marine
		subparallel				sediments/
						carbonate
						turbidites
	Fa 4	Wedge shape	High	High	High	Slope apron -
		configuration				deposits/breccia
	Fa 5	Parallel -pinch	High	High	Low	Turbidite lobes
		out at the				
		extremities				
	Fa 6	Parallel to	High	High	High	Stacked
		subparallel				turbidites
		(body pinching				
		out)				
	Fa 7	Reflection Free	Low	Low	Moderate	Messinian
		chaotic				evaporites
		configuration				
	Fa 8	High amplitude	Low to	Moderate to	Low	Clastic mounds
		hummocky	Moderate	high		
		reflectors				
	Fa 9	High amplitude	Moderate to	Moderate	Moderate	Channel leeves
		lobes onlap	High			
		wavy non-				
		continuous				
		configurations				
	Fa 10	Parallel to	Low	Moderate	High	Ramp
		subparallel				carbonates
		locally oblique				
		sigmoid				
	Fa 11	Hummocky	Low	Moderate	Low	Carbonate
		reflectors				platform
	Fa 12	High amplitude	Low	High	Low	Inner shelf
		sub-parallel				deposits /interior
						of a carbonate
						platform
	Fa 13	Mounded/conve	High	High	High	Pinnacle reefs
		x reflectors				
	Fa 14	Complex	Moderate to	Moderate	Moderate	Prograding shelf
		sigmoid/fill-up	High			edges
		spill out				

Table 4 .2: Seismic packages in the western part of the Levant Basin offshore Cyprus Interpreted Seismic Packages Lower Bounding surface Upper Bounding surface Seismic Facies Large-scale reflection configuration

 4 

	Plio-Quaternary	Irregular	Irregular	Fa 1, Fa 2, Fa	Parallel to subparallel
	SP 8	surface/truncation	surface/truncation	5, Fa 6 Fa 8, Fa	configuration
				9	
	Messinian	Irregular	Irregular	Fa 7, Fa 8	Reflection free
	SP 7	surface/truncation	surface/truncation		configuration
					(transparent)
	Upper Miocene	Onlaps	Irregular surface/	Fa 1, Fa 2, Fa	Parallel to subparallel
	SP 6	Onlaps on the margin	Truncation	5, Fa 6	reflection and minor
					chaotic reflections
	Lower Miocene	Conformable	minor truncation	Fa 1, Fa 2, Fa	Subparallel configurations
	SP 5	Onlaps on the margin		5, Fa 6	with some high amplitude
					condensed intervals
	Oligocene	Irregular	Conformable	Fa 1, Fa 2, Fa 5 Upper (SP4b): parallel to
	SP 4	surface/truncation			subparallel configurations
					Lower unit (SP4a):
					Progradational sigmoid
					configuration with minor
					chaotic intercalations
	Upper	Onlap surface	Irregular	Fa 1, Fa 2	Parallel to subparallel
	Cretaceous-		surface/truncation		reflections intercalated
	Eocene				with some chaotic
	SP 3				configuration
	Lower	Baselap	conformable	Fa 3, Fa 4, Fa	High amplitude parallel to
	Cretaceous			2, Fa 1	subparallel configuration
	SP 2				with some mounded
					intervals
	Mid to Late	-Onlaps	Baselap	Fa1, Fa2, Fa 4	Parallel to subparallel
	Jurassic SP1				reflections with some
					minor chaotic intervals

Table 4 .3: Seismic packages in the Eratosthenes carbonate platform Interpreted Seismic Packages Lower Bounding surface Upper Bounding surface Seismic Facies Large-scale reflector configuration Miocene ESP6

 4 

		Conformable	Irregular	Fa 14 Fa 12	Mound reflectors
			surface/truncation		alternated with moderate
					amplitude subparallel
					reflections
	Coniacian-Miocene	Baselap	Conformable	Fa 3	Parallel to subparallel
	ESP5				reflections
	Cenomanian-	Irregular	Baselap	Fa13	Moderate amplitude
	Turonian	surface/truncation			sigmoid reflections down
	ESP4				lap on the lower boundary
	Early Cretaceous	Irregular	Irregular	Fa 11 Fa 10	Relatively transparent
	ESP3	surface//truncation	surface/truncation		seismic unit with low
					amplitude mound
					reflections
	Late Jurassic	Irregular	Truncation	Fa12	Non-continuous
	ESP2	surface/truncation			reflections
					with high amplitude and
					frequency
	Mid-Late Jurassic	Onlaps	Irregular	Fa 11, Fa12	Alternations of high and
	ESP1		surface/truncation		moderate amplitude non-
					continuous reflections

Table 6 .1: Summary of the facies associations' description and proposed depositional environments for the Upper Cretaceous to Upper Miocene rock interval of southern Cyprus. Facies Associations Facies Description Depositional Environnent

 6 

				Early dolomitized bioclastic grainstone
			A	with current ripples and mega-ripples	Tidal Flat
				alternated by bioturbated wackestone
	Restricted	Fa 1		with some bioclasts and mud cracks.
	Shallow Marine			
			B	Alternation of bioclastic grainstone rich in
				miliolids and some lepydocyclina with	Sand shoal
				bioturbated bioclastic wackestone to
				packstone.
				Boundstone/bafflestone with red algae
			A	debris, corals in place, Lepidocyclina and	Reef /Back-reef
	Barrier Reef			bioclasts.
		Fa 2		
				Breccia (boundstone with red algae
			B	debris, coral debris, large benthic	Fore-reef
				foraminifera (Lepidocyclina, bryozoans)
				occasional incisions.
			A	Wackstones to packstones with an
	Open shelf Deposits	Fa 3		abundance of benthic foraminifera, and	Open shelf
				bioclasts. Erosional contact between the
				packstone and the wackestone beds
	Slope Deposits		A		Slope Deposits/ turbidites
		Fa 4		Intercalation of grainstone packstone beds
				(highly bioturbated) with marls.
			B	Large contorted fragments of laminated	MTDs
				marls and carbonates 3, 5 m thick.
				Bioclastic grainstones which are fining
			C	upwards and intercalated with a marly	(toe of the upper slope
				laminated	unit including	benthic	(contourites)
				foraminifera.
				Mudstone to wackestone with bioclasts,	Basinal setting
			A	pelagic, traces of zoophycos.
	Basinal Deposits	Fa5	B	Massive chalk: mudstone to wackestone rich in pelagic foraminifera and
				bioturbation.	Basinal Setting
			C	

  .1). The presence of Cyclicargolithus floridanus in the chalky limestone indicates a middle Miocene or older age (NN7a or older). Due to the fact that some early Miocene age material is reworked, a younger age (middle Miocene) is preferred.
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overprinted the subsidence signal. It may have strongly impacted the stratigraphic architecture of the Levant carbonate platforms, as described for most of the Tethyan margins. The regional stratigraphy records a deepening of the sedimentary facies during the Coniacian. The Cretaceous/Cenozoic boundary records several stratigraphic gaps from the late Maastrichtian until the middle Eocene (ODP Site 967; Fig. 5.5B; Emeis et al., 1996c). Reworked foraminifera indicate that the sediments could have been removed by bottom current activity. Some authors proposed that the demise of the Cretaceous carbonate platform occurred during a major sea-level rise concomitantly with the initiation of the convergence of African and Eurasian plates at the beginning of the Turonian (Fig. 5.8; Robertson, 1998d;e).

Even if subsidence due to the convergence of the Eurasian and African plates is interpreted by other authors as likely to be controlling the creation of accommodation space and the subsequent accumulation of deep carbonate sediments, the continental collision between African and Eurasian plates took place later, during the onset of Cyprus thrusting events and Eratosthenes uplift in the Paleogene, with an acme during the Miocene (evidenced by the recovering local Miocene buildups on tectonic highs in Cyprus and on the Eratosthenes Seamount (Fig. 5.9D and 5.14D). This event is coeval with deposition of upper Miocene MTDs in the Levant Basin and Cyprus piggyback basins [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Lee | Laterally contiguous, concave-up basal shear surfaces of submarine landslide deposits ( Miocene ), southern Cyprus : differential movement of subblocks within a single submarine landslide lobe[END_REF][START_REF] Lord | Miocene mass transport sediments, Troodos Massif, Cyprus[END_REF]Papadimitriou et al., accepted).

The Oligo-Miocene is characterized by a regional uplift recorded on the Levant margins due to a thermal event caused by the Red Sea rifting enhanced by the main geodynamic event provoked by the collision between the Indian and Eurasian plates [START_REF] Curray | Structure, tectonics and geological history of the northeastern Indian Ocean[END_REF]. The timing of this uplift appears to coincide with the southward over thrusting of Cyprus and the development of reefs onshore Cyprus (Papadimitriou et al., accepted). The absence of subaerial erosion and karstification signs indicate that Eratosthenes was uplifted just slightly below sea-level (Emeis et al., 1996a;b;[START_REF] Blanpied | Tertiary reefal carbonate in Cyprus: Absolute ages obtaining by using strontium isotope stratigraphy (SIS). Refine the tectonostratigraphy calendar of the island[END_REF][START_REF] Major | Evolution of Paleoenvironments of Eratosthenes Seamount Based on Downhole Logging Integrated With Carbonate Petrology and Reflection Profiles[END_REF]Robertson, 1998d;[START_REF] Mart | 52. Eratosthenes Seamount : an Oceanographic Yardstick Recording the Late Mesozoic -Tertiary Geological History of the Eastern Mediterranean 1[END_REF]. The limestones recovered from sites 965 and 966 consist of corals (e.g., Porites sp.) and large benthic forams. The elements retrieved from site 965 show a more proximal and high-energy environment compared to the fine-grained micritic sediments drilled at site 966, suggesting a lagoonal depositional setting (Emeis et al., 1996a, b;Robertson, 1998b). The petrography and biostratigraphic studies are strengthened by our seismic interpretation of ESP6 (buildups and numerous pinnacle reefs; Fig. 6D and11D). The Zohr Structure appears to be a satellite of Eratosthenes, forming an NE-SW elongated ridge with an area of about 190 km 2 (Fig. 5.8). Zohr was recently drilled and biogenic gas was found in the Early Cretaceous to Miocene age reef carbonate build-ups, suggesting prolongation of isolated platforms toward the south (Fig.5.8;[START_REF] Esestime | Zohr -A newborn carbonate play in the Levantine Basin, East-Mediterranean[END_REF]Bertello et al., 2016).

South-eastern flank of Limassol Basin

Armenochori sedimentary "composite" log (3)

Paleogene-Miocene

The first 120 m of this log (Fig. 6.40B) are characterized by homogeneous whitish chalky limestones which are occasionally interbedded with chert bands. These sediments correspond to deep marine sediments which according to [START_REF] Kähler | Stratigraphy and Sedimentology of the Lefkara Formation, Cyprus (Paleogene to Early Neogene)[END_REF] have been deposited on a slope setting (Fa 5C; Table 6.1).

From 50-70 m the sedimentary log portrays bioclastic grainstones which are fining upwards and are intercalated with marly limestones (Fig. 6.38A and 6.41B). The grainstones are cross-laminated, whereas the whole unit (Fig. 6.38B) is highly bioturbated with abundant benthic and pelagic foraminifera (Fig. 6.11D). As already discussed above in this chapter (Section II) this facies represents contourites which according to [START_REF] Kähler | Turbidites and contourites of the Palaeogene Lefkara Formation, southern Cyprus[END_REF] were deposited in a relatively shallower setting compared to the other members of Lefkara Formation (Fa 4C; Table 6.1). The biostratigraphy analysis of a sample from this section has shown that these sediments deposited during the early Burdigalian suggesting a gradual shallowing of the basin

Miocene

The Armenochori composite sedimentary log (320 m, in Fig. 6.41B) has been completed for the eastern flank of the Limassol Basin, and extends from old Korfi village (34°48 '10.11"N, 32°58'41.68"E) up to Agios Tichonas village (34°42'42.18"N, 33°8'9.73"E). Unfortunately, the exact contact between the Lefkara and Pakhna formations was not reached, due to lack of accessibility.

Above the contact there are thinly-bedded (0.1 m), foraminifera-rich limestones, alternating with wackestone to packstone textures (Fig. 6.38C). This facies corresponds to open shelf and deep marine sediments (Fa 3A and 4A; Table 6.1) and we assume that marks the base of the Pakhna Formation in the eastern part of the Limassol Basin.

The open shelf deposits are succeeded by a massive brecciated limestone unit, with red algae, that is 3 m thick (130-135 m, in Fig. 6.41B). This unit has been interpreted as an olistostrome which is representative of fore-reef settings (Fa 2B; Table 6.1). The olistostrome (0.2 m), is overlaid by thin, bioclastic packstones rich in benthic foraminifera and red algae debris (Fa 2B; Fig. 6.38C and 6.38D).

The packstones fine upwards, and evolve into highly-bioturbated mudstones.

The next unit is composed of well-sorted, packstones, rich in planktonic and benthic foraminifera packstones that fine into marl laminations. This facies corresponds to turbidites (Fa 4A), which were The obduction of the Ophiolites is followed by the formation of a series of smaller basins. The sedimentary filling of the Cenozoic basins onshore Cyprus records the main geodynamic events that occurred in the Eastern Mediterranean since the convergence of the African and Eurasia plates.

Several authors (e.g., [START_REF] Eaton | The Miocene Pakhna Formation, southern Cyprus and its relationship to the Neogene tectonic evolution of the Eastern Mediterranean[END_REF][START_REF] Payne | Structural evolution and regional significance of the Polis graben system western Cyprus[END_REF]Calon et al., 2005a;[START_REF] Harrison | A Model for the Plate Tectonic Evolution of the Eastern Mediterranean Region that Emphasizes the Role of Transform (Strike-Slip) Structures[END_REF]Robertson et al., 2012b) proposed possible alternatives concerning the evolution of Cyprus in an attempt to link them with the regional geodynamics. The four most relevant scenarios are the following: (a) the advance collision invoking continuous thrusting and folding onshore Cyprus since the late Eocene due to north-south crustal contraction (Calon et al., 2005a;b) (Symeou et al., 2018). The last scenario proposes a longitudinal evolution of the deformation from the east to the west along the Cyprus Arc associated with the transition from a stretched continental (Levant Basin) to the thinner, oceanic crust (Herodotus Basin; Fig. 6.43; Symeou et al., 2018).

Recently Granot, (2016) using a combination of geophysical data (field and magnetic vector profiles, a total-field anomaly data and satellite altimetry-derived free-air gravity anomaly) confirmed the presence of oceanic crust in the Herodotus Basin and he defined the position of the COB Continental/Oceanic Boundary (COB) between the Levant and Herodotus basins (Fig. 6.43). By using the magnetic vector profiles, Granot (2016) mapped two long-wavelength anomalies, forming two subparallel NE -SW linear segments 250 km long. Based on the power spectra and the coherency of the shifting phase (𝜋/2) between the vertical and the horizontal components of these anomalies the magnetic source layer below the sedimentary cover was suggested to correspond to oceanic crust.

These linear anomalies are located to the west of a feature with high gravity values (Fig. 6.43). To the east of this feature the horizontal and the vertical components are not shifted coherently, suggesting continental crust. Hence, the positive gravity feature must delineate the boundary between the continental and oceanic crusts of Levant and Herodotus basins respectively [START_REF] Granot | Palaeozoic-aged oceanic crust preserved beneath the eastern Mediterranean[END_REF]. (Chapters 5 and 6.3.1). The two basins were synchronized during the latest stages of the Miocene when Eratosthenes Seamount was already in a collision with Cyprus and since then they (Limassol and Polis basins) experienced similar geological history.

The evolution and development of the Polis and Limassol basins could be compared to the evolution of the Graus-Tremp-Ainsa basins in the southern Pyrenées, considering the deformation style of these basins as analogs.

In the south Pyrenées, the easternmost basin (i.e., the Organya-Tremp-Ager sub-basins) is controlled by three thrusts creating a series of piggyback basins (the Bóixols, Montsec and Sierra Marginales) whereas to the west (Ainsa to Jaca basins), a flexural basin prevails; bounded by one thrust-front zone to the south (Fig. 6.47;[START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF]. The two systems are separated by a lateral ramp (the Mediano structure, Fig. 6.47) and have been set up during the initiation of the convergence between Iberia and Eurasian plates [START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF][START_REF] Fillon | Syntectonic sedimentation controls on the evolution of the southern Pyrenean fold-and-thrust belt: Inferences from coupled tectonic-surface processes models[END_REF] The partitioning of the basins in south Pyrenées can be explained by the different nature of the substratum below the Paleogene sediments in the two areas (Fig. 6.47). In particular, as it is shown in the Fig. 6.47 in the Axial Zone, the Mesozoic and Cenozoic sediments are floored by Triassic evaporites whereas to the west these evaporites are absent. South of the Axial Zone, the Mesozoic cover is detached along the Triassic evaporites forming the Bóixols, Montsec and Sierra Marginales thrust-sheets. In the western basins, the Mesozoic and Paleogene covers are coupled to the basement, and the basement thrusts are mostly imbricated [START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF][START_REF] Fillon | Syntectonic sedimentation controls on the evolution of the southern Pyrenean fold-and-thrust belt: Inferences from coupled tectonic-surface processes models[END_REF]. This change in the deformation of the geometry led to the formation of several structurally-controlled depressions south of the Axial Zone, whereas westwards, a wide foredeep basin was created by the Sierras Exteriores Thrust (Fig. 6.47) Therefore the central zone was controlled by thin-skinned tectonics and the western part by thickskinned. The thin-skinned system propagated and migrated both southward and westward in response to the non-orthogonal collision of Iberia with Europe during Paleogene mountain building. In contrast, to the west, the thrust system has been inte0rpreted to be a longer-lived structure that initiated during the extensional tectonic regime in Middle Cretaceous time and inverted during the main episode of the Pyrenean collision [START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF][START_REF] Fillon | Syntectonic sedimentation controls on the evolution of the southern Pyrenean fold-and-thrust belt: Inferences from coupled tectonic-surface processes models[END_REF]. The development of the basement thrust system caused regional subsidence along the south Pyrenean foreland margin which was subsequently halted by local uplift associated with the west-migrating thin-skinned thrust system [START_REF] Muñoz | The Ainsa Fold and thrust oblique zone of the central Pyrenees: Kinematics of a curved contractional system from paleomagnetic and structural data[END_REF][START_REF] Fillon | Syntectonic sedimentation controls on the evolution of the southern Pyrenean fold-and-thrust belt: Inferences from coupled tectonic-surface processes models[END_REF].

The convergence of Afro-Arabia and Eurasia plates started in the Late Cretaceous and is marked by the formation and the obduction of Troodos Ophiolites (Robertson, 1998;Garfunkel, 2004;Robertson et al., 2007;[START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF][START_REF] Klimke | Impact and implications of the Afro-Eurasian collision south of Cyprus from reflection seismic data[END_REF][START_REF] Montadert | Petroleum Systems offshore Cyprus[END_REF]. At that time the Mesozoic carbonated platforms at the margins were drowned whereas the whole Eastern Mediterranean was under deep marine setting (Robertson, 1998a;[START_REF] Robertson | Overview of the Palaeozoic-Neogene evolution of Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria)[END_REF].

During the late Oligocene -early Miocene, Eurasia and Africa started to collide and the basin evolved into a foreland basin along the Cyprus Arc [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the LIAS[END_REF][START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Dargahi | Petrogenesis of post-collisional A-type granitoids from the Urumieh-Dokhtar magmatic assemblage, Southwestern Kerman, Iran: Constraints on the Arabian-Eurasian continental collision[END_REF]. Field studies have shown that the collision of the two plates resulted in the southward the propagation of thrust activity forming small relatively shallow basins onshore Cyprus (Chapter 6, Fig The regional kinematic model that best matches all the observed data is the forward propagation model (Chapter 6.3,Fig 6.44). 

Future work and perspectives