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The accretion of the Levant continental shelf alongside the Nile 1 Delta by immense margin-parallel sediment transport 2

Following the termination of the Messinian salinity crisis ~5.3 million years ago, massive 13 sedimentation in the Eastern Mediterranean Sea formed the huge Nile Delta. Alongside delta 14 propagation, a continental shelf was accreted along the Levant margin. For several decades it was 15 assumed that these two sedimentary structures were closely connected. Levant shelf deposits are 16 composed of Nile-derived sediments and present-day measurements show that sand is currently 17 being transported alongshore from the Nile Delta to offshore Israel. This study reexamines the 18 existing paradigm about sediment transport and shelf-delta connection. We show that longshore 19 sand transport is just a small part of a much larger process termed here margin-parallel sediment 20 transport (MPST). Sand is transported in a nearshore shallow-water belt where marine currents are 21 highly energetic. At the same time, shale is transported at greater depths over the deeper shelf and 22

 

INTRODUCTION 37

The Nile Delta and its associated sedimentary cone are the largest in the Mediterranean Sea and 38 one of the largest worldwide (Fig. 1). Five and a half million years ago, during the Messinian 39 salinity crisis [START_REF] Hsü | Late Miocene dessication of the Mediterranean[END_REF][START_REF] Ryan | The nature and distribution of Messinian erosional surfaces 813 -Indicators of a several-kilometer-deep Mediterranean in the Miocene[END_REF], the Mediterranean sea-level dropped and an 40 approximately 1.5-km deep canyon (EoNile) incised into the Egyptian continental margin of the 41 Mediterranean [START_REF] Barber | Messinian subaerial erosion of the proto-Nile Delta[END_REF]Said, 1981;Fig. 2A). After this crisis, at the beginning of the 42 Pliocene (5.3 Ma), when normal marine conditions resumed, sediments quickly filled this EoNile 43 canyon and prograded from the canyon mouth into the open sea (Said, 1981;[START_REF] Sestini | Nile Delta: a review of depositional environments and geological history[END_REF]Stanley 44 and Warne, 1998). Today, after 5.3 My of progradation, the modern Nile Delta and its deep-sea particularly to the sedimentary source of the Levant shelf. Since current sediments moving over 69 the Levant shelf do derive from the Nile Delta, what are the main controlling processes that 70 transport sediments along the continental margin and what types of sediments are transported by 71 these processes ? 72 In what follows we develop, first the concept, and then the quantification of margin-parallel 73 sediment transport (MPST) not limited to sand grain size and not limited to the nearshore belt. 74

Earlier evidence regarding a mid-shelf mud-dominated belt shaped by oceanographic processes, 75 were documented in the Gulf of Lions at the mouth of the Rhone River (Rabineau et al., 2005;and 76 references therein) and suggested for the Levant margins by [START_REF] Schattner | Levant jet system-effect of post LGM 822 seafloor currents on Nile sediment transport in the eastern Mediterranean[END_REF]. Here, we 77 further develop this concept exploring the hypothesis that deeper and distal currents first conveyed 78 large amounts of clays and silts along the ancient continental margin and only then, after generating 79 this clay and silt foundation, the shelf was established on top with sand transport, as we see it 80 today. I.e., we hypothesize that only after filling the quite large accommodation space with the 81 finer grains and generating the shallow water environment, sand could have started to accumulate 82 as we observe today on the present-day shelf. 83

Here, we test this hypothesis using the stratigraphic simulation software DionisosFlow (Granjeon, 84 1997(Granjeon, 84 , 2014;;[START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, 698 diffusive model in stratigraphic modeling[END_REF]. DionisosFlow is a state-of-the-art, 3-D stratigraphic 85 modeling tool that produces synthetic stratigraphy according to prescribed subsidence history, sea-86 level variations, sediment supply, water discharge, and sediment distribution by diffusion. The 87 problem is that to date, DionisosFlow has no module to simulate margin-parallel transport at 88 shallow (alongshore) or deep (off shelf) waters. Therefore, we added to it a new module that may 89 answer some of the above questions. The new module includes a simple advection law in which 90 sediment flux is defined by the user, and deposition rate is calculated from this flux accounting for 91 mass conservation. This volumetric exercise is constrained by ages and thicknesses of units. The 92 sediment flux maps obtained by trial and error, indicate how much sediments pass through each 93 point in the basin at various modelled time steps. 94

To account for lithological variations across the margin we also develop a depth-dependent 95 function for the sand/shale ratio for the deposited sediments and the resulting stratigraphic section 96 is calibrated by well data. Our results in terms of sediment flux and sand/shale ratio can be the 97 basis for future physically based simulations that can better examine how surficial, intermediate, 98

and deep marine currents transport sand and shale along various prescribed morphologies of 99 continental margins. 100

101

GEOLOGICAL BACKGROUND 102

Sediment transport along the Nile littoral cell 103

The Nile littoral cell is one of the longest in the world with shorelines extending along ~700 km 104 from the Nile Delta to northern Israel [START_REF] Inman | The coastal challenge[END_REF][START_REF] Inman | The Nile littoral cell and man's impact on the coastal littoral 739 zone in the SE Mediterranean[END_REF]. The 105 source of this littoral cell is in the Nile River, it passes along the shallow (up to 30 m deep) 106 nearshore water belt of the Levant, with current northernmost terminal deposition at the Haifa Bay 107 [START_REF] Buchbinder | Temporal and spatial 615 relationships in Miocene reef carbonates in Israel[END_REF][START_REF] Carmel | Directional wave measurement at Haifa, Israel, and 622 sediment transport along the Nile littoral cell[END_REF] and the other references quoted in the above 108 introduction). Some sediments that are transported northward turn west, fall off the shelf and then 109 deposited along the continental slope of the Levant [START_REF] Ben-Gai | Post-Messinian 598 evolution of the Southeastern Levant Basin based on two-dimensional stratigraphic 599 simulation[END_REF][START_REF] Schattner | Levant jet system-effect of post LGM 822 seafloor currents on Nile sediment transport in the eastern Mediterranean[END_REF]110 Schattner and Lazar, 2016; see data about Units 3-4 below). In addition to the nearshore transport, 111 [START_REF] Woodward | The Nile: 868 evolution, Quaternary river environments and material fluxes[END_REF] showed that present-day Nile sediments extend across the Levant and 112 Herodotus basins as far as Rhodes, Crete and north of Cyprus. the shore [START_REF] Seymour | Longshore Sediment Transport[END_REF]. This transport is either by currents carrying sand in suspension or by 115 waves on the seabed (i.e., bedload transport). It is easier to measure concentration of suspended 116 sediment, but quite difficult to measure the bedload component. Quantitative estimates of 117 longshore transport, therefore, are based commonly on inferences from the suspended sediment 118 concentrations indicating that longshore transport is at a maximum under the breaking waves and 119 in the swash zone on the beach face [START_REF] Seymour | Longshore Sediment Transport[END_REF]. 120

The annual longshore flux of sand from the Nile Delta (Fig. 1) eastward is estimated at about 10 6 121 m 3 yr -1 [START_REF] Inman | Nile Delta profiles and migrating 737 sand blankets[END_REF][START_REF] Inman | Currents in submarine canyons: An air-sea-742 land interaction[END_REF][START_REF] Inman | The Nile littoral cell and man's impact on the coastal littoral 739 zone in the SE Mediterranean[END_REF]. Offshore Sinai, this flux slightly 122 decreases to ~8.5x10 5 m 3 yr -1 and ~7x10 5 m 3 yr -1 off Port Said and off El Arish, respectively 123 [START_REF] Inman | Currents in submarine canyons: An air-sea-742 land interaction[END_REF]. This flux is estimated at 4.5x10 5 m 3 yr -1 and ~10 5 m 3 yr -1 at Ashkelon and 124 Herzlia (Fig. 1), respectively [START_REF] Perlin | Longshore sediment transport on Mediterranean coast of Israel[END_REF]. Only a small portion (~8.5x10 4 m 3 yr -1 ) of the 125 initial sand flux reaches the currently considered final sink at Haifa Bay [START_REF] Zviely | Longshore sand transport estimates along the 882 Mediterranean coast of Israel in the Holocene[END_REF]. 126

Different Hypotheses 127

An important point was raised by [START_REF] Schattner | Levant jet system-effect of post LGM 822 seafloor currents on Nile sediment transport in the eastern Mediterranean[END_REF] who argued that longshore transport is 128 limited to the shallow (<30 m depth) and narrow (350-400 m) near-shore belt and cannot explain 129 the deposition at greater depths. In addition, we stress that longshore transport only moves sand 130 and silt, whereas the PQ shelf is mainly composed of shales (Yafo Formation) with only its topmost 131 part composed of sand (Kurkar Group, e.g., [START_REF] Gvirtzman | The Late Tertiary of the coastal plain and continental 705 shelf of Israel and its bearing on the history of the Eastern Mediterranean, Initial 706 reports of the deep sea drilling project[END_REF]. 132

Based on bathymetric, seismic, and oceanographic data, [START_REF] Schattner | Levant jet system-effect of post LGM 822 seafloor currents on Nile sediment transport in the eastern Mediterranean[END_REF] suggest that since 133 the Pleistocene-Holocene transition (~11 ka) fast water currents, termed the Levant Jet System 134 (LJS; Fig. 1, red arrows), mobilizes sediments along the continental margin not only nearshore, 135 but also in intermediate and deep waters (between 0 and 400 m water depths).

Timing of the Levant shelf accretion 137

A general PQ age was assigned for the continental shelf offshore Israel (e.g., [START_REF] Ben-Avraham | The structure and tectonic setting of the levant continental margin, 595 Eastern Mediterranean[END_REF]138 Ben-Gai et al., 2005;[START_REF] Gvirtzman | The Late Tertiary of the coastal plain and continental 705 shelf of Israel and its bearing on the history of the Eastern Mediterranean, Initial 706 reports of the deep sea drilling project[END_REF][START_REF] Tibor | Late Tertiary subsidence 854 history of the southern Levant Margin, eastern Mediterranean Sea, and its implications 855 to the understanding of the Messinian Event[END_REF]. However, recent 139 reexaminations of the biostratigraphy led [START_REF] Bar | The shaping of the continental margin of central Israel since the Late 584 Eocene-Tectonics, morphology and stratigraphy[END_REF] to propose that most of the shelf was 140 accreted later and that is composed primarily of Pleistocene sediments. This relatively young age 141 is supported by [START_REF] Elfassi | Chronology of post-Messinian faulting Geol[END_REF] and Ben-Zeev and [START_REF] Ben Zeev | WHEN TWO SALT TECTONICS SYSTEMS MEET[END_REF] who demonstrate that 142 after the Pliocene the pattern of sedimentation in the Levant Basin changed drastically; from 143 thicker accumulation in the deep basin to thicker accumulation along the continental margin. 144

Particularly interesting and crucial is the observation that the preferred deposition along the margin 145 was delayed by 2-3 My after the commencement of the Nile Delta formation offshore Egypt (Ben 146 Zeev and Gvirtzman, 2020). This, once more, raises the question why did margin-parallel sediment 147 transport and shelf accretion begun so late? Why were sediments not transported along the Sinai-148

Israel margin already during their initial supply in the Pliocene? 149

Hypothetically, this can be answered by proposing that external forcing such as climate or ocean 150 circulation could have triggered margin-parallel marine currents only in the Pleistocene. 151

Alternatively, we hypothesize here, sediment transport along continental margins is a strong depth-152 dependent process that becomes more effective under certain bathymetry conditions. In the case 153 of the Nile, we hypothesize that only after 2-3 My of delta accretion, the continental margin 154 offshore Sinai could have become an effective conduit for sediment transport and large amounts 155 of sediments started arriving to offshore Israel. 156

METHODS 157

Diffusion modeling in sediment transport information on the actual terms in physical sedimentology processes, diffusion laws have been 160

used in geomorphology and geology to represent large-scale, spatially-averaged transport of 161 sediment by creep, overland flow, and channel flow (e.g., [START_REF] Begin | Development of longitudinal profiles of alluvial 592 channels in response to base-level lowering[END_REF][START_REF] Paola | The large-scale dynamics of grain-size variation 781 in alluvial basins, 1: Theory[END_REF]. 162

Diffusive sediment transport states that the transport capacity of a water flow is proportional to the 163 local basin slope and water discharge. It has been used in modeling sediment transport along 164 alluvial fans, rivers and floodplains [START_REF] Begin | Development of longitudinal profiles of alluvial 592 channels in response to base-level lowering[END_REF][START_REF] Ben Moshe | Incision of alluvial 604 channels in response to a continuous base level fall: Field characterization, modeling, 605 and validation along the Dead Sea[END_REF][START_REF] Coulthard | Modelling upland catchment response to Holocene environmental 625 change[END_REF]165 Murray and Paola, 1994;[START_REF] Parker | Alluvial fans formed by channelized 783 fluvial and sheet flow. I: Theory[END_REF], mountains, foreland basins (Jordan and Flemings, 166 1991;[START_REF] Tucker | Erosional dynamics, flexural isostasy, and long-lived 858 escarpments: A numerical modeling study[END_REF] and passive margins (Rabineau et al., 2005). 167

Since the 1980s, when seabed morphology was shown to resemble lowland landscapes (e.g., 168 [START_REF] Adams | Submarine slopes with an exponential 570 curvature[END_REF][START_REF] Galloway | Siliciclastic slope and base-of-slope depositional systems: component 667 facies, stratigraphic architecture, and classification[END_REF][START_REF] Mitchell | Comparing the smooth, parabolic shapes of interfluves 775 in continental slopes to predictions of diffusion transport models[END_REF][START_REF] Schlager | Model for the sigmoidal curvature of submarine slopes[END_REF], 169 laws of landscape evolution were extended to simulating progradation of deltas (Kenyon and 170 Turcotte, 1985) and continental shelves [START_REF] Granjeon | Modélisation stratigraphique déterministe: Conception et application 696 d'un modèle diffusif 3D multilithologique[END_REF]e.g., Jordan and Flemings, 1991;171 Kaufman et al., 1991;[START_REF] Mitchell | Oceanographic Currents and the Convexity of the 772 Uppermost Continental Slope[END_REF][START_REF] Rivenaes | Impact of sediment transport efficiency on large-scale sequence 802 architecture: results from stratigraphic computer simulation[END_REF]. 172

DionisosFlow is a 3D stratigraphic forward modeling tool aiming to simulate geometry and facies 173 of sedimentary units on a scale of several tens to hundreds of kilometers and over geological 174 intervals of 10 3 -10 8 years [START_REF] Granjeon | 3D stratigraphic modeling of sedimentary basins[END_REF][START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, 698 diffusive model in stratigraphic modeling[END_REF][START_REF] Granjeon | 3D stratigraphic modeling in complex tectonics area[END_REF]; 175 these are the scales of the problem at hand. At these spatial and temporal scales and the needed 176 resolution, unfortunately, there is practically no way to apply physically based modeling. Using a 177 diffusive approach for sediment transport [START_REF] Gerber | A model for the long-677 profile shape of submarine canyons[END_REF][START_REF] Jordan | Large-scale stratigraphic architecture, eustatic variation, 744 and unsteady tectonism: A theoretical evaluation[END_REF]Lai and 178 Capart, 2007;[START_REF] Mitchell | Oceanographic Currents and the Convexity of the 772 Uppermost Continental Slope[END_REF][START_REF] Schlager | Model for the sigmoidal curvature of submarine slopes[END_REF][START_REF] Spinewine | Self-similar long profiles of 840 aggrading submarine leveed channels: Analytical solution and its application to the 841 Amazon channel[END_REF]179 Steckler et al., 1999;[START_REF] Van Heijst | Quantitative exemplified by the Late Quaternary Colorado river-delta evolution[END_REF], DionisosFlow averages the cumulative mass 180 movement in time steps that combine many individual flows. In this way, DionisosFlow, for example, ignores individual turbidites, but considers their cumulative mass movement. Similarly, 182 and important for our study, it does not account for the discontinuity between fluvial and submarine 183 systems in cases that sediments temporarily settle down on the delta front or inner shelf and only 184 later are transported downslope by gravity-driven processes. For simplicity, it assumes that flows 185 continue seaward either directly by hyperpycnal flow or by slope failures. 186

DionisosFlow formulates two large-scale sedimentary processes: slow creep and fast transport 187 driven by water discharge [START_REF] Tucker | Erosional dynamics, flexural isostasy, and long-lived 858 escarpments: A numerical modeling study[END_REF][START_REF] Willgoose | Results from a new model of river basin 865 evolution[END_REF]. Creep is 188 simulated by a linear, slope-driven diffusion equation (i.e., transport is proportional to gradient). 189

Water-driven flow is simulated by a non-linear water-and slope-driven diffusion equation. 190

Combining the driving equations of these transport laws [START_REF] Granjeon | 3D forward modelling of the impact of sediment transport and base 690 level cycles on continental margins and incised valleys[END_REF]Granjeon and Joseph, 191 1999) The capability of DionisosFlow to simulate the production of large-scale systems such as deltas, 201 fluvial plains, shelf plains, incised valleys, and deep water systems was tested and validated in 202 several studies including, for example: (1) the XES 02 flume experiments designed to reproduce fluvial plain and incised valleys [START_REF] Granjeon | 3D forward modelling of the impact of sediment transport and base 690 level cycles on continental margins and incised valleys[END_REF]; (2) Synthetic case studies built to investigate 204 the impact of millennial-scale climatic and eustatic cycles on the growth of a delta and the 205 associated fluvial channel belts and incised valleys [START_REF] Csato | Millennial-Scale Sequence Stratigraphy: 630 Numerical Simulation With Dionisos[END_REF][START_REF] Rabineau | Paleo sea 790 levels reconsidered from direct observation of paleoshoreline position during Glacial 791 Maxima (for the last 500,000 yr)[END_REF]Rabineau et al., , 206 2005)); (3) On modern delta, shelf, and deep-water turbiditic systems such as the Niger Delta 207 [START_REF] Laurent | 4D 765 forward stratigraphic modelling of the Late Quaternary Congo deep-sea fan: Role of 766 climate/vegetation coupling in architectural evolution[END_REF] and the Orinoco deep-sea fans (Deville et al., 2015). 208

Simulating margin-parallel sediment transport 209

The margin-parallel transport module developed here begins with a sediment flux map describing 210 The sand/shale ratio within the deposited sediment is computed from a given depth-dependent 219 function, derived from observations. In addition to this deposition rule, we use the classical 220 diffusion equations to transport sediments as soon as they reach the sea floor. By the end of this 221 computation, we obtain a stratigraphic layer whose thickness is compared to observations. By trial-222 and-error (i.e., sensitivity over a range), the flux map is corrected, and simulations rerun until they 223 satisfy borehole and geophysical observations. 224 Data 226

Basin structure 227

The stratigraphic PQ sequence simulated here is bounded by the present-day bathymetry at its top 228 and the base Pliocene surface at its bottom. Bathymetry (Fig. 1) is taken from ETOPO1 (Amante 229 and Eakins, 2009). The base Pliocene structure map (Fig. 2A) is after [START_REF] Zucker | Salt tectonics in the Eastern 879 Mediterranean Sea: Where a giant delta meets a salt giant[END_REF]. The 230 PQ isopach (Fig. 2B), which is the subtraction of Fig. 2A from Fig. 1, defines a major depocenter 231 under the Nile Delta and cone (reaching a thickness of 4 km) and a secondary and connected, local 232 depocenter under the Israeli coastal plain and shelf (reaching a thickness of 2 km). Resolving these 233 two depocenters -a delta and an adjacent continental shelf -are the targets of this simulation. 234

Paleo-bathymetry 235

For the paleo-bathymetry at 5.3 Ma (Fig. 3A), which is the surface on which we begin to model 236 deposition, we used the base Pliocene map corrected for the load of the overlying sediments (PQ 237 section). For this flexural backstripping procedure, we assumed an average density of 2000 kg/m 3 238 for unloaded sediments, adopting a pure elastic thin plate approach to isostasy and an elastic 239 thickness of 30 km, a relatively large value consistent with the old tectonothermal age of the 240 northeast African margin. For the decompaction of the underlying sediments, we considered an 241 approximately 10-km thick pre-Pliocene section. The decompaction results are very insensitive to 242 the depth of the base of this layer because only the upper ~2 km retains a significant porosity. 243 Details about this pseudo-3D (planform) flexural backstripping procedure are described in Garcia-244 Castellanos et al. (2003) and in [START_REF] Amadori | Restored topography of the Po Plain-Northern Adriatic region during the 575 Messinian base-level drop-Implications for the physiography and 576 compartmentalization of the palaeo-Mediterranean basin[END_REF]. To correct for post-Miocene tectonics, the 245 sediment-unloaded map was smoothed in the area of the Rosetta and Temsah faults (Fig. 2A), which were active in the PQ [START_REF] Aal | Tectonic 566 evolution of the Eastern Mediterranean Basin and its significance for hydrocarbon 567 prospectivity in the ultradeepwater of the Nile Delta[END_REF]. In addition, the northern Levant Basin that subsided 247 towards the Cyprus Arc during the Plio-Quaternary [START_REF] Ben-Avraham | The structure and tectonic setting of the levant continental margin, 595 Eastern Mediterranean[END_REF][START_REF] Kempler | Eratosthenes Seamount: The possible spearhead of incipient continental 755 collision in the eastern Mediterranean[END_REF]248 Robertson, 1998;[START_REF] Schattner | What triggered the early-to-mid Pleistocene tectonic transition across 819 the entire eastern Mediterranean? Earth Planet[END_REF] was uplifted by ~200 m. The uncertainty of post Miocene 249 tectonics is discussed below. 250 Subsidence 251 Subsidence (Fig. 3B) is calculated in the model by taking the difference between the 252 paleobathymetry at 5.3 Ma (Fig. 3A) and the present-day base Pliocene surface (Fig. 2A), the 253 surface which should be obtained at the end of simulation. Average subsidence rate for the entire 254 simulation is taken as the total calculated subsidence divided by 5.3 My. This assures that at the 255 end of the simulation, the modeled and observed base Pliocene surfaces will coincide to allow 256 comparing the modeled and observed bathymetries (Fig. 3C). 257

Sediment supply 258

A first order approximation for sediment supply is derived from the total volume of the PQ isopach 259 (Fig. 2B) divided by 5 million years (i.e., 70,330 km 3 /My). From this number we subtract biogenic 260 carbonates produced in the water column. Well samples and logs from the Israeli coastal plain 261 indicate that the Plio-Quaternary Yafo Formation contains ~10% calcite in the form of micro-and 262 nano-fossils [START_REF] Gvirtzman | The Saqiye Group in the coastal plain and Hashfela regions, Israel[END_REF]. Considering that 10% of the total PQ volume did not arrive from 263 the clastic feeders, we initially applied 90% of the total deposited volume. After a set of trials 264 constrained by the sediment thickness maps, we applied an average value of 64,417 km 3 /My 265 (~91.5%) to represent sediment supply by the Nile River for the entire duration of the model. It is 266 interesting to note that this average value obtained from sediment volume is on the same order of 267 magnitude as the sediment yield presently measured at the mouth of the Nile River (60,000 carbonate production was taken as 5,910 km 3 /My. 270

Margin-parallel transport 271

Regarding present-day measurements of longshore transport (references above) it should be noted 272 that they refer only to the sand fraction (1000 km 3 /My from Nile Delta to Sinai; 850 km 3 /My at 273 Port Said, 700 km 3 /My at El Arish; 450 km 3 /My at Ashkelon; 100 km 3 /My at Herzlia; and 85 274 km 3 /My arrive to Haifa Bay). The big unknown in our simulation is the total amount of sediments 275 (sand to clay) moving along the continental margin nearshore, on and off the shelf. 276 

Water discharge 289

Present day water discharge of the Nile River is 2830 m 3 /s [START_REF] Milliman | Geomorphic/Tectonic Control of Sediment Discharge to[END_REF]. The 290 paleo-discharge of the ancient Nile River can be further, but only roughly, constrained by modern rivers worldwide that have similar drainage areas [START_REF] Dai | Estimates of freshwater discharge from continents: 638 Latitudinal and seasonal variations[END_REF]Milliman and 293 Syvitski, 1992;[START_REF] Syvitski | Geology, geography, and humans battle for dominance 852 over the delivery of fluvial sediment to the coastal ocean[END_REF]. Although we are aware of the impact of Quaternary 294 climatic changes on the Nile discharge, for the lack of data and for the sake of simplicity, we took 295 the present-day value as a constant throughout the entire duration of the model. 296

Diffusion coefficients 298

Efficiency of sediment transport depends on difficult-to-quantify factors such as grain size, 299 lithology, roundness, water depth, water discharge, vegetation, river type and more. In practice, 300 coefficients used to model various basins do not always express the same factors and their values 301 vary greatly from case to case. One reason for this large range is that efficiency of diffusion can 302 be controlled either by the diffusion coefficient or by the amount of water pushing the sediments 303 (Equation 1). Accordingly, [START_REF] Gvirtzman | Constraining sediment transport to deep marine 710 basins through submarine channels : The Levant margin in the Late Cenozoic[END_REF] and [START_REF] Hawie | Forward Stratigraphic Modelling, Deterministic Approach to Improve Carbonate 722 Heterogeneity Prediction[END_REF] showed that by 304 constraining water discharge, the range of possible diffusion coefficients is narrowed. Recent 305 stratigraphic forward models run at a basin scale, using diffusion laws to simulate slow creep and 306 water flow processes, and calibrated on seismic and well log data suggested the following range 307 of values (Table 1): Ks (slow creep) is about 0.001 to 0.05 km²/ky for sand, and 0.001 and 0.1 308 km²/ky for shale; while Kw (water flow process) is about 50 to 2,000 km²/ky for sand in terrestrial 309 environments, 100 to 4,000 km²/ky for shale in terrestrial environments, 0.01 to 20 km²/ky for 310 sand in marine environments, and 0.063 to 100 km²/ky for shale in marine environments (Csato et 311 al., 2014(Csato et 311 al., , 2013;;[START_REF] Gvirtzman | Constraining sediment transport to deep marine 710 basins through submarine channels : The Levant margin in the Late Cenozoic[END_REF][START_REF] Harris | Three-718 Dimensional Numerical Modeling of Eustatic Control On Continental-Margin Sand 719 Distribution[END_REF][START_REF] Hawie | Slope-fan depositional architecture 726 from high-resolution forward stratigraphic models[END_REF]Hawie et al., , 2017;;[START_REF] Zhang | Can sediment supply variations create 876 sequences? Insights from stratigraphic forward modelling[END_REF] belt at depths >100 m, where sand is negligible. For modeling we simplified these observations to 322 only two components (sand and shale) with a depth-dependent ratio shown in Fig. 4B. 323

324

Modeling strategy 325

The first objective of this modeling study is to obtain the diffusion parameters that explain the Nile 326 Delta formation with the given values of water discharge and sediment supply. For this, we first 327 use DionisosFlow without the added new module of MPST. Considering that the base of the 328 simulated PQ package is forced to coincide with the observed base Pliocene surface (see above 329 constraints for subsidence), testing the model is carried out by comparing the modeled and 330 observed bathymetries. If bathymetry fits, sediment thickness also fits. This stage of the modeling 331 is expected to provide a rough fit between the model and observations at the delta area, but not at 332 the Levant margin. parameters realized in the first stage (and particularly the diffusion coefficients) and rerun 335 DionisosFlow; this time the runs include the upgraded module for margin-parallel transport. By 336 numerous trial-and-error runs, we identify the sediment flux maps that yield the better fit between 337 model and observation. For calibration of the lithostratigraphy, we use a published 338 lithostratigraphic section that distinguishes the sandy Kurkar Group from the shales of the Yafo 339 Formation (data from [START_REF] Gvirtzman | The Late Tertiary of the coastal plain and continental 705 shelf of Israel and its bearing on the history of the Eastern Mediterranean, Initial 706 reports of the deep sea drilling project[END_REF]. For chronostratigraphic calibration, we 340 use the subdivision of the PQ section offshore Israel identified for four dated seismic units (Ben-341 Zeev and Gvirtzman, 2019;[START_REF] Elfassi | Chronology of post-Messinian faulting Geol[END_REF]. 342

RESULTS

344

Stage 1: basic model without the margin-parallel sediment transport (MPST) 345 Fig. 5 presents the simulated bathymetry from 5.3 Ma to the present, using the basic model without 346 the MPST. The parameters for sediment distribution that generate this model are listed in Table 1. 347

These results demonstrate that the model successfully produces the Nile Delta, but essentially fails 348 to produce the Levant shelf. The general fit between model and present-day observations in 349 bathymetry and thickness (Fig. 6A) is evident in section AA' crossing the Nile Delta. Moreover, 350 comparison to a published geological section in that area from Kellner et al. (2009) indicates that 351 even the subdivision between Pliocene and Quaternary is modeled quite well (Fig. 6C). On the 352 other hand, offshore Israel there is only a poor fit between model and observations (Fig. 7A,B). 353

This discrepancy in the east-west cross sections is primarily because the model produces by far 354 too little deposition offshore Israel (Fig. 8A). The map presenting the discrepancy in thickness 355 between model and observations (Fig. 8B) further indicates that the sediment, unaccounted for at the Levant margin (~2 km, blue colors), is compensated by excess sediments in the Herodotus 357 Basin (200-900 m, red); i.e., the sediments were delivered there. This discrepancy strengthens our 358 hypothesis that without a large margin-parallel sediment supply, it is impossible to simulate the 359 formation of the Levant continental shelf. 360 Except for this discrepancy, which is related to the lack of margin-parallel transport, the generally 361 good agreement between model and observations offshore the Nile Delta (e.g., Fig. 6) indicates 362 that (1) sediment distribution in the model functions quite well, and (2) average values of Qw, Qs 363 for the entire simulated interval are suitable approximations. We therefore take model parameters 364 obtained in the first modeling stage and continue to the next stage. 365 366 Stage 2: Adding the margin-parallel sediment transport (MPST) to the model 367 Fig. 9 shows the simulated bathymetry from 5.3 Ma to the present, using the upgraded model, 368 which includes the margin-parallel sediment transport (MPST) module. Unlike the basic model 369 (Fig. 5), here with the addition of this module, a shallow continental shelf is produced (orange 370 color) offshore Israel with nearly a 2-km-thick section deposited there (Fig. 10A). Throughout the 371 studied area, the model produces a thickness within <200 m from the observed thickness (Fig. 372 10B); this is quite a satisfactory result as this value is within <10% of the total observed thickness. 373 Two modeled chronostratigraphic cross sections offshore Caesarea and Ashdod demonstrate the 374 good fit with observations (Fig. 11). Furthermore, Two lithological sections at the same location 375 (Fig. 12) indicate that sand is accumulated only in the upper part of the section. This is also 376 consistent with observations as the age of the Kurkar Group varies laterally, from Pliocene-377 Pleistocene inland to only Pleistocene at the coastline (Fig. 12C, Gvirtzman and Buchbinder, 378 1978). According to our model, farther west at the shelf area, the age of the sandy Kurkar Group the shelf edge (Fig. 12). The noticeable sand intercalations into the shaly section represent intervals 381 of eustatically low sea levels [START_REF] Haq | Chronology of fluctuating sea levels since the Triasic 713 (250 million years ago to present)[END_REF] used as part of the model input. 382

The successful simulation of sand deposition and its accretion in the shallow environment is the 383 outcome of the depth-dependent sand/shale ratio (Fig. 4) that was fed to the model. This depth 384 dependency is also expressed in Fig. 13 and indicates that more sand was deposited offshore Israel 385 during the latter part of stratigraphic sequence accretion (1.8-0 Ma), when a shallow shelf was 386 already developed. 387 388

Rates, accretion, and shelf buildup 389

To summarize our results, we compare modeled and observed sedimentation rates in the Levant 390

Basin over the four time intervals of 5.3-2.6 Ma, 2.6-1.8 Ma, 1.8-0.35 Ma, and 0.35-0 Ma (i.e., 391 interval durations of 2.7, 0.8, 1.45, and 0.35 My), which were defined as traceable 392 chronostratigraphic zones by [START_REF] Elfassi | Chronology of post-Messinian faulting Geol[END_REF] based on seismic-and bio-stratigraphy. These 393 four stratigraphic units are the basis for the four thickness maps prepared by Ben Zeev and 394 Gvirtzman (2019) and are the basis for the rates we use in the comparison with the modeling. The 395 division of the thickness of the four units corresponds to the above interval durations. 396 Deposition rates calculated for the basic model (without MPST), indicate that deposition was not 397 sufficient to form a continental shelf in the Levant (Fig. 14). In the upgraded model that includes 398 MPST a continental shelf is gradually built; this buildup is observed in the model to occur first, 399 offshore Sinai, then offshore Israel, and most recently offshore Lebanon. The calculated rates of 400 accretion are consistent with observations but present some exceptions. Unit 2 (Gelasian) in the 401 actual stratigraphy presents an increase in sedimentation rate both in the southwest, near the Nile increase of the Nile's sediment discharge, which we do not model. Furthermore, the Israel Slump 404

Complex that provided ~1,000 km 3 of sediments from the Levant slope to the basin (Frey Martinez 405 et al., 2005) in a short episode, limited to Unit 2 [START_REF] Elfassi | Chronology of post-Messinian faulting Geol[END_REF] and is not modelled either. 406

In addition, our model ignores other local sediment contribution that may have reached the basin 407 from the east (e.g., the Yafo sand member, [START_REF] Druckman | The buried 648 Afiq Canyon (eastern Mediterranean, Israel): a case study of a Tertiary submarine 649 canyon exposed in Late Messinian times[END_REF][START_REF] Frey-Martınez | Clastic Intrusion at the Base of 661 Deep-water Sands: A Trap-forming Mechanism in the Eastern Mediterranean[END_REF]Frey 408 Martinez et al., 2005;[START_REF] Gardosh | The Late Tertiary Deep-Water 674 Siliciclastic System of the Levant Margin-An Emerging Play Offshore Israel[END_REF]. 409

The importance of the MPST is demonstrated by comparing (Fig. 15) sedimentation rates in the 410 deep basin and at the continental margin (locations appear as white dots in Fig. 14). In the basic 411 model, without MPST, the difference between these two localities is minor and the rate of 412 sedimentation is relatively low in both. This is because the model depends almost entirely on slow 413 and gradual diffusion of sediments from the Nile Delta through and into the deep basin. On the 414 other hand, with the addition of the MPST, increasingly more sediments arrive and deposit along 415 the continental margin of the Levant and as a result less sediments reach and deposit in the deep 416 basin. 417 418

Margin-parallel sediment flux 419

Sediment flux maps obtained by trial-and-error are shown in Fig. 16A-B. In these maps each pixel 420 represents a flux (km 2 My -1 ) in a coast-parallel direction (approximately to the northeast). 421

Integrating the pixels along an east-to-west transect across the continental margin, provides the 422 total northward sediment flux (km 3 My -1 ) through that transect line (Fig. 16C-D). 423

During the first modeled interval (5.3-1.8 Ma), calculated sediment flux offshore Rafah was ~2500 424 km 3 My -1 (Fig. 16D, blue line). Most of these sediments were trapped and deposited offshore Israel with flux offshore Rafah reaching ~5,300 km 3 My -1 and the flux offshore Haifa increased to ~3000 427 km 3 My -1 (Fig. 16D, red line). Subtracting the modeled flux north of Haifa from the flux offshore 428

Rafah indicates that about 2300 km 3 My -1 of sediments were trapped in the shelf south of Haifa; 429 this is not very different from the volume deposited during the first interval (2500 km 3 My -1 ). 430

The modelled total sediment fluxes are difficult to compare to present-day observations that 431 measure only the sand flux, but they do produce satisfactory results for deposition and the quite 432 correct thickness. Sand fluxes are easier to compare (Fig. 16C). They show that during the early 433 interval less than 100 km 3 My -1 had entered the Israeli margin from the south (Rafah) and these 434 were trapped almost immediately (Fig. 16C, blue line). During the 1.8-0 Ma interval nearly 350 435 km 3 My -1 of sand entered from offshore Rafah, most of it trapped before reaching Ashdod, and 436 about 40 km 3 My -1 of sand arrived at Haifa (Fig. 16C, red line). These results are slightly lower 437 than the present-day observations and may be improved by a sensitivity analysis that will include 438 changes in the sand/shale ratio considered in the model input. In general, approximately 6% of the 439 modeled sediment flux offshore Israel is sand, concentrated in near coastal areas. 440

The two flux maps (Figs. 16A,16B) indicate a northward shift of transport and alongshore 441 deposition propagation between the first and second sequences. Initially sediments were primarily 442 trapped offshore Sinai and only then offshore Israel. Moreover, during the first interval sediment 443 transport offshore Israel occurred mainly at deep waters (i.e., west of the first isobath after isobath 444 0 m -isobaths 200 m in Fig. 16A), whereas during the second interval transport mostly occurred 445 on the shelf (i.e., east of isobaths 200 m depth in Fig. 16B). 446

447

DISCUSSION

Development of continental shelves adjacent to river deltas is quite common, but the dependency 450 of the shelf evolution on sediment transport from the nearby delta is not fully resolved. Here we 451 study the accretion of the Levant shelf alongside the Nile Delta, exploring coevality and the 452 dependency of the Levant shelf on sediment transport from the Nile Delta. First, we show that 453 longshore sand transport is only a small fraction of a much larger process, termed here 454 MPST. In the Levant shelf, sand accumulation in the past 5 My comprises only about 6% of 455 the total volume of sediments that arrived from the Nile Delta. Furthermore, without the 456 large transport of silt and clay in the deeper waters, deposition offshore Israel probably 457 would have been negligible, and the Levant shelf never would have developed (Fig. 14). 458

Our observations and modelling results indicate that MPST has begun coevally with delta 459

formation, but at first, developed quite slowly. Initially, a continental shelf formed offshore 460 Sinai, then offshore Israel, and most recently along the Lebanon coast, where it is probably 461 still in its initial buildup stage. Throughout this time, longshore sand transport and 462 deposition has taken place near the coastline, but only recently (sometime in the last 463 hundreds or tens of thousands of years), when the shelf became shallow enough, sand 464 transport and deposition expanded westward. We hypothesize that this westward 465 expansion was more pronounced during eustatic sea-level drops. 466

Our results emphasize the importance of deep-water, margin-parallel currents for sediment 467 transport (e.g., Rebesco, 2018[START_REF] Rebesco | SEDIMENTARY ENVIRONMENTS | Contourites[END_REF][START_REF] Rebesco | Contourites and 798 associated sediments controlled by deep-water circulation processes: State-of-the-art 799 and future considerations[END_REF][START_REF] Rebesco | Contourites[END_REF]468 Schattner and Lazar, 2016 and references within), which is studied less than longshore sand 469 transport (see introduction) and is still poorly understood. The argument that sand transport along 470 the Levant margin occurs within a wide depth range (0-400 m), was first proposed by Schattner et water current related to the present day thermohaline circulation in the Eastern Mediterranean. 473

According to [START_REF] Schattner | Levant jet system-effect of post LGM 822 seafloor currents on Nile sediment transport in the eastern Mediterranean[END_REF] this jet system initiated during the Pleistocene-Holocene 474 transition (~11 ka), intensifying after the last glacial maximum (LGM). Our results show that 475 MPST started coevally with the Nile Delta formation (5.3 Ma) and intensified at the beginning of 476 the Pleistocene (2.6 Ma). We do not have any knowledge of the water circulation during the 477 Pliocene and Pleistocene. However, based on our knowledge of the depositional history, we infer 478 the paleo-sediment fluxes. These fluxes indicate margin-parallel transport much earlier than the 479 Holocene, even at depths greater than 400 m. At the nearest shore environments, where they are 480 dependent on eustatic sea levels, it is possible that the last emplacement of the jet occurred 481 following the last glacial. If the current interglacial is a clue to the past, this could have been a 482 cyclic occurrence during the Quaternary with early interglacials experiencing an increase in Nile 483 River discharge and sediment supply to its delta accompanied by pronounced LJS that intensified 484 the MPST. Such a cyclic process may have facilitated the construction of the Levant continental 485

shelf. 486

Obviously, our model is not driven by physical processes. However, it presents a first step in 487 transforming available data about sediment deposition in and on shelves (thickness and lithology) 488 into sediment fluxes. This is essential for future physically based simulations that can examine 489 how surficial, intermediate, and deep marine currents transport sediments along various 490 morphologies of continental margins. 491 492 Margin-parallel vs. margin-perpendicular sediment transport reaching ~180 m at the coastline and wedging out landwards. Sand grains comprise 90-495 100% of this sequence (i.e., the Kurkar Group; Fig. 12). Conversely, sand is spread 496 throughout the entire thickness (>3.5 km) of the PQ section of the Nile Delta, ; from its base 497 to its top and from its eastern to western edges, comprising a maximum of 50% (Fig. 6B). We 498 propose that this profound difference in sand content is an expression of the available energy 499 for transport. Sediment flow from the river mouth straight down to the deep basin is 500 stronger in comparison with margin-parallel flow that keeps a nearly constant elevation. 501

Accordingly, offshore the Nile River mouth, sand grains were transported straight 502 downslope over large distances since the early Pliocene. On the other hand, the much weaker 503 margin-parallel currents transported only fine grains that had built the shaly Levant shelf. 504

One exception within the margin-parallel system is the highly energetic nearshore current 505 that transported sand continuously since the Pliocene. This, however, is limited, here and 506 probably elsewhere, to a very narrow zone and very shallow water depth. Thus, the 507 combination of near shore energetic currents and deeper weaker currents produce an 508 efficient differentiation between shale and sand deposits, although they source at the same 509 river mouth. Such differentiation characterizes margin-parallel sub-horizontal sediment 510 transport in contrast with the margin-perpendicular steep-gradient transport. 511

An additional basin-wide expression of the margin-parallel vs. the common margin-512 perpendicular transport is deltas growing thicker towards the open sea more than they grow 513 wider along the adjacent continental margins. The Nile Delta started developing immediately 514 following the recovery from the Messinian salinity crisis (early Pliocene) and then it had 515 propagated 150-200 km from the river mouth northward within about 1 My (Fig. 9). At the same time the Levant coast started receiving small amounts of sand (Pleshet Formation, 517 Gvirtzman and Buchbinder, 1969). The shelf, which has existed earlier (probably was 518 initially forming in the Miocene) presumably was very narrow (Buchbinder and Zilberman, 519 1997;[START_REF] Gvirtzman | Outcrops of Neogene Formation in the Central and 708 Southern Coastal Plain, Hashephela and Beer Sheva'Regions, Israel[END_REF]. Only 2-3 My after the beginning of delta formation 520 a notable shelf began developing in the Levant margin (Figs. 9,11). 521 522 Implications for shelf exposure during sea level drops 523

The youngest stage (tens or hundreds of thousands of years) of delta development is the 524 extension of sand deposition 10-20 km westward during eustatic lowstands (Fig. 13). These 525 results are consistent with the proposal of [START_REF] Amit | The role of the Nile in initiating a massive dust influx to the Negev late in the 581 middle Pleistocene[END_REF] that only around 180-200 ky, 526 the Nile Delta has been accreted to levels that its surface could have been exposed during 527 eustatic low stands. Only then, the sand surface and deposits of the delta and the northern 528 Sinai shelf could have been subaerially exposed and initiate their eolian transport under the 529 windy glacial climate in northern Sinai. This sand transport has generated the northern Sinai 530 dune fields and abraded the sand grains into coarse silts that comprise the loess of the Negev 531 [START_REF] Amit | The role of the Nile in initiating a massive dust influx to the Negev late in the 581 middle Pleistocene[END_REF][START_REF] Crouvi | Sand dunes as a major proximal 627 dust source for late Pleistocene loess in the Negev Desert, Israel[END_REF]. We hypothesize that some of the shelf sand was also 532 exposed and was involved in the accretion of the Eastern Mediterranean coastal plain (Harel 533 et al., 2017). across the Levant continental margin. Black vertical lines mark locations of oil and gas 919 wells with their names written above (see wells and cross section locations in Fig. 1). 920 [START_REF] Gvirtzman | The Late Tertiary of the coastal plain and continental 705 shelf of Israel and its bearing on the history of the Eastern Mediterranean, Initial 706 reports of the deep sea drilling project[END_REF]. The sand fingers into 936 the shaly section of Yafo Formation is the result of including the eustatic curve of Haq et al. 937 (1987) 

  leads to the sediment transport equation: 192 (1) 193 Where Qs is sediment flux [km 2 /yr]; h [m] is topographic elevation; Ks and Kw [km 2 /yr] are the 194 diffusion coefficient, respectively for slow creep transport and water flow process; Qw is 195 dimensionless local water discharge at the cell; S is local gradient of basin slope; n and m are 196 constants, usually ranging between 1 and 2. Transport equation and mass conservation are applied 197 to each grain size, leading to definition of local sedimentation or erosion. Sedimentation occurs 198 where transport capacity decreases (by decreasing gradient or slower water flow) and erosion 199 occurs where transport capacity increases. 200

  the intensity [km 2 /My] of the flux transported through a given location in a coast-parallel, 211 dynamically updated direction, which evolves with time. The flux obeys a simple user-defined 212 advection law that accounts for mass conservation, i.e., when the flux decreases, sediments depart 213 from the suspension plume and deposit. The rate of deposition, SED [km/My] is𝑚𝑝 (𝑥, 𝑦) . 𝑛 ⃗ 𝑆𝐸𝐷 (𝑥, 𝑦) = -𝑑𝑖𝑣 (𝑞 𝑚𝑝 ⃗⃗⃗⃗⃗⃗⃗ ) 215 With qmp the margin-parallel sediment flux [km 2 /My], Qmp the user-defined intensity of this flux, 216 n a unit vector parallel to the closest shoreline [dimensionless], and SED [km/My] the 217 sedimentation rate induced by this margin-parallel sediment transport. 218

  A lower limit for the total sediment flux along the Levant continental margin is obtained from the 277 average deposition rate along the Israeli margin since the early Pliocene. Considering a rectangular 278 200 km (Rafah to Southern Lebanon) by 20 km (approximately the mean width of shelf) by 2 km 279 (thickness of PQ section offshore Tel Aviv), the total volume of the Israeli shelf is about 8,000 280 km 3 . Dividing this by 5.3 million years, yields ~1500 km 3 /My. This set a minimal constraint for 281 the flux that entered the Israeli margin from offshore Sinai, because the actual flux includes 282 sediments that continued northward to offshore Lebanon. No siliclastic sediments can enter the 283 shelf from the onshore carbonate platform of the Levant. It is interesting to note that this estimated 284 minimum value of total sediment flux triples the sand flux (~500 km 3 /My) currently entering to 285 Israeli margins at Rafah (the southern boundary of the Gaza strip between El Arish and Ashkelon). 286 Below, the unknown flux of sediments along the Levant continental margin is modeled by trial-287 and-error. 288

  al., best-fit diffusion coefficients of shale and sand inside these ranges by trial and error. 314 Sand/shale ratio 315 Present-day measurements of sediment composition at the seabed offshore Israel (Almogi-Labin 316 et al., 2012) indicate the presence of three coast-parallel belts (Fig. 4A): (a) An almost pure, well-317 sorted sand belt from the shoreline to a water depth of 35 m. (b) A silt-dominated belt from water 318 depths of 35-100 m in which the amount of silt gradually grows from a few percent at a depth of 319 35 m to 85% at depths of 60-100 m. The rest is shale; this shale represents only a few percent of 320 the total sediment volume near the coast and 10-15% at depths of 60-100 m. (c) A shale dominated 321
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km in an east-west direction (Fig.1). The thickness of the Pliocene-Quaternary (PQ) sediments
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