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Diffusion-based stratigraphic models are widely used to simulate sedimentary systems and margin deltas. Diffusion-based models assume that the topographic evolution primarily depends from its slope. Limited attention has however been given to the calibration of the transport coefficients. Here, we evaluate transport coefficient values from natural examples, the Ogooué and Zambezi rifted margin deltas over the last 5 to 12 Ma respectively. We developed a method to estimate transport coefficients based on high resolution seismic stratigraphy analysis of the stratigraphic architecture of these deltas. For each stratigraphic sequence, we calibrated the sand/shale ratios of the deposits, we restored their depositional slopes, we estimated their uncompacted accumulated volumes and we calculated the transport coefficient (Kd) from the sediment flux / slope ratio.

Estimated values of Kd fall within one order of magnitude (x 0.1 km 2 /ka), a much narrower range than previously published values (x0.0001 to x100 km 2 /ka). We show that the diffusion approximation is optimal at 10 -100 km scale and 0.5 -1 Ma time resolution, independently of the stratigraphic context. We show that the diffusion assumption is appropriate for the formation of the clinoforms (mainly gravity driven). It is however not optimal for the shelf and distal domains where additional processes (e.g. wave, flood, hemipelagic, turbidites, oceanic current), not accounted for it the diffusion assumption, significantly impact sediment transport.

We documented a significant increase of Kd values after 0.9 Ma, coeval of an increase in the amplitude of eustatic variations at this time indicating that the calibration of Kd from present day sedimentary systems might not be optimal for simulations of sedimentary systems before the last million years.

INTRODUCTION

Since the early work of [START_REF] Culling | Analytical theory of erosion[END_REF] and [START_REF] Carson | Hillslope form and process[END_REF], diffusion-based models used to simulate landscape evolution have been extended to the marine environment to reproduce progradation of deltas [START_REF] Kenyon | Morphology of a delta prograding by bulk sediment transport[END_REF] and continental shelves [START_REF] Jordan | Large-scale stratigraphic architecture, eustatic variation, and unsteady tectonism: A theoretical evaluation[END_REF][START_REF] Kaufman | Depth-dependent diffusion algorithm for simulation of sedimentation in shallow marine depositional systems[END_REF][START_REF] Rivenaes | Application of a dual-lithology, depth-dependent diffusion equation in stratigraphic simulation[END_REF][START_REF] Rivenaes | Impact of sediment transport efficiency on large-scale sequence architecture: Results from stratigraphic computer simulation[END_REF][START_REF] Granjeon | Modelisation stratigraphique deterministe; conception et applications d'un modele diffusif 3D multilithologique[END_REF][START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, diffusive model in stratigraphic modeling[END_REF][START_REF] Mitchell | Oceanographic currents and the convexity of the uppermost continental slope[END_REF]. Diffusion-based models for the marine environment relies on the assumption that transport is driven by gravity and is proportional to the topographic gradient following a diffusion (or transport) coefficient Kd (i.e., transport efficiency for a given grain size). This simple formulation is widely used to investigate interplay between the main factors controlling stratigraphic architectures (e.g., eustasy, subsidence, sediment supply; e.g., [START_REF] Reynolds | The role of the sediment load in sequence stratigraphy: The influence of flexural isostasy and compaction[END_REF][START_REF] Posamentier | Variability of the sequence stratigraphic model: Effects of local basin factors[END_REF][START_REF] Steckler | Modelling passive margin sequence stratigraphy[END_REF][START_REF] Carvajal | Shelf-edge architecture and bypass of sand to deep water; influence of shelf-edge processes, sea level, and sediment supply[END_REF][START_REF] Burgess | A brief review of developments in stratigraphic forward modelling, 2000-2009[END_REF][START_REF] Csato | Millennial-scale sequence stratigraphy; numerical simulation with Dionisos[END_REF][START_REF] Granjeon | 3D forward modelling of the impact of sediment transport and level cycles on continental margins and incised valleys[END_REF][START_REF] Harris | Numerical stratigraphic modeling of climatic controls on basin-scale sedimentation[END_REF][START_REF] Harris | Three-dimensional numerical modeling of eustatic control on continental-margin sand distributionA[END_REF][START_REF] Ding | Quantitative stratigraphic analysis in a source-to-sink numerical framework[END_REF][START_REF] Yuan | Linking continental erosion to marine sediment transport and deposition: A new implicit and O(N) method for inverse analysis[END_REF].

Published values of diffusion coefficients have often been estimated from the present-day slopes and sedimentary fluxes in sedimentary systems based on a trial and error "best-fit" approach [START_REF] Paola | Quantitative models of sedimentary basin filling[END_REF]. As a consequence, the range of published values is very wide (Fig. 1; e.g., [START_REF] Syvitski | Basin sedimentation and the growth of prograding deltas[END_REF][START_REF] Flemings | A synthetic stratigraphic model of foreland basin development[END_REF][START_REF] Jordan | Large-scale stratigraphic architecture, eustatic variation, and unsteady tectonism: A theoretical evaluation[END_REF][START_REF] Kaufman | Depth-dependent diffusion algorithm for simulation of sedimentation in shallow marine depositional systems[END_REF][START_REF] Rivenaes | Application of a dual-lithology, depth-dependent diffusion equation in stratigraphic simulation[END_REF][START_REF] Syvitski | DELTA2: Delta progradation and basin filling[END_REF][START_REF] Burgess | Multivariate sequence stratigraphy: Tackling complexity and uncertainty with stratigraphic forward modeling, multiple scenarios, and conditional frequency maps[END_REF][START_REF] Rohais | Stratigraphic architecture of the Plio-Pleistocene infill of the Corinth Rift: Implications for its structural evolution[END_REF][START_REF] Csato | The Messinian problem in the Pannonian Basin, Eastern Hungary-Insights from stratigraphic simulations[END_REF][START_REF] Csato | A three-dimensional stratigraphic model for the Messinian crisis in the Pannonian Basin, eastern Hungary[END_REF][START_REF] Csato | Millennial-scale sequence stratigraphy; numerical simulation with Dionisos[END_REF][START_REF] Clark | A flexible stochastic approach to constraining uncertainty in forward stratigraphic models[END_REF][START_REF] Leroux | Quantification des flux sédimentaires et de la subsidence du bassin Provençal[END_REF][START_REF] Rouby | Long-term stratigraphic evolution of Atlantic-type passive margins: A numerical approach of interactions between surface processes, flexural isostasy and 3D thermal subsidence[END_REF][START_REF] Leroux | Stratigraphic simulations of the shelf of the Gulf of Lions; testing subsidence rates and sealevel curves during the Pliocene and Quaternary[END_REF][START_REF] Burgess | Non-unique stratal geom etries: Im plications for sequence stratigraphic interpretations[END_REF][START_REF] Yuan | Linking continental erosion to marine sediment transport and deposition: A new implicit and O(N) method for inverse analysis[END_REF][START_REF] Ding | Quantitative stratigraphic analysis in a source-to-sink numerical framework[END_REF].

Nevertheless, the implications of this range in terms of sedimentary processes in natural systems have not been fully investigated.

The aim of this work is first to provide values for the diffusion coefficient consistent with natural systems and not limited to the present-day climatic and geodynamic context. Second, it is also to evaluate the relevance of the diffusion assumption for approximating sediment transports in the context of rifted margin deltas. To do this, we developed an original method to estimate this coefficient from the stratigraphic architecture of natural examples, in particular, the ratios of the associated accumulation rates and slopes. We applied this method to two rifted margin shelf-edge deltas: the Plio-Pleistocene (5 -0 Ma) of the Ogooué Delta in Gabon and the Mio-Pleistocene (12 -0 Ma) of the Zambezi delta in Mozambique. We analyzed the variability of the accumulation rates, slopes and diffusion coefficients in relation to the temporal and spatial resolutions, the location along the depositional profile, the stratigraphic context and the geological time. [START_REF] Paola | Quantitative models of sedimentary basin filling[END_REF], [START_REF] Tetzlaff | Sedimentary process modeling: From academia to industry[END_REF] and [START_REF] Overeem | Three-dimensional numerical modeling of deltas[END_REF] grouped stratigraphic models into geometrical or dynamic classes depending on the type of laws used to approximate erosion, transport and deposition processes. Geometrical models simulate the consequences of sedimentary processes rather than the processes themselves [START_REF] Overeem | Three-dimensional numerical modeling of deltas[END_REF], that is to say, they simulate the result of erosion and sedimentation in response to changing environmental parameters (e.g., [START_REF] Strobel | Interactive (SEDPAK) simulation of clastic and carbonate sediments in shelf to basin settings[END_REF][START_REF] Kendall | The simulation of the sedimentary fill of basins[END_REF][START_REF] Thorne | Sedimentation on continental margins, VI: a regime model for depositional sequences, their component systems tracts, and bounding surfaces[END_REF][START_REF] Bowman | Carbonate sedimentation process[END_REF][START_REF] Wehr | Effects of Variations in Subsidence and Sediment Supply on Parasequence Stacking Patterns: Chapter 14: Recent Developments in Siliciclastic Sequence Stratigraphy[END_REF][START_REF] Ross | Slope readjustment: A new model for the development of submarine fans and aprons[END_REF][START_REF] Cross | Construction and application of a stratigraphic inverse model[END_REF][START_REF] Houston | Modeling of Cretaceous forelandbasin parasequences, Utah, with implications for timing of Sevier thrusting[END_REF]. To the contrary, dynamic models simulate sediment production, transport and deposition processes themselves and include diffusion-based models. They produce realistic-looking stratal patterns at the scale of the continental margin, that is to say ranging from fluvio-deltaic to slope-basin depositional environments.

BACKGROUND TO STRATIGRAPHIC NUMERICAL MODELLING

Diffusion-based stratigraphic models rely on a small set of simple equations governing the long-term evolution of the continental margin stratigraphy without attempting to simulate individual transport events. Since the early work of [START_REF] Culling | Analytical theory of erosion[END_REF] and [START_REF] Carson | Hillslope form and process[END_REF], diffusion models have been used in various forms to simulate sediment transport.

Numerous studies have shown that the transport in alluvial fans, rivers and floodplains [START_REF] Begin | Development of longitudinal profiles of alluvial channels in response to base-level lowering[END_REF][START_REF] Murray | A cellular model of braided rivers[END_REF][START_REF] Parker | Alluvial fans formed by channelized fluvial and sheet flow. I: Theory[END_REF][START_REF] Coulthard | Modelling geomorphic response to environmental change in an upland catchment[END_REF] in mountains and foreland basins [START_REF] Jordan | Large-scale stratigraphic architecture, eustatic variation, and unsteady tectonism: A theoretical evaluation[END_REF][START_REF] Tucker | Erosional dynamics, flexural isostasy, and longlived escarpments: A numerical modeling study[END_REF] seems to obey the assumptions of the diffusion model. The diffusion assumption has been extended to simulate progradation of deltas [START_REF] Kenyon | Morphology of a delta prograding by bulk sediment transport[END_REF] and continental shelves in marine environments [START_REF] Jordan | Large-scale stratigraphic architecture, eustatic variation, and unsteady tectonism: A theoretical evaluation[END_REF][START_REF] Kaufman | Depth-dependent diffusion algorithm for simulation of sedimentation in shallow marine depositional systems[END_REF][START_REF] Rivenaes | Application of a dual-lithology, depth-dependent diffusion equation in stratigraphic simulation[END_REF][START_REF] Rivenaes | Impact of sediment transport efficiency on large-scale sequence architecture: Results from stratigraphic computer simulation[END_REF][START_REF] Granjeon | Modelisation stratigraphique deterministe; conception et applications d'un modele diffusif 3D multilithologique[END_REF][START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, diffusive model in stratigraphic modeling[END_REF][START_REF] Mitchell | Oceanographic currents and the convexity of the uppermost continental slope[END_REF]. Transport along the depositional profile of a single grain-size is assumed to be gravity-driven and proportional to its gradient following a diffusion coefficient Kd (i.e., transport efficiency of the considered grain size) following:

𝑸𝑸 𝒅𝒅 = -𝑲𝑲 𝒅𝒅 𝝏𝝏𝝏𝝏 𝝏𝝏𝝏𝝏 = 𝑲𝑲 𝒅𝒅 × 𝑺𝑺 (𝟏𝟏)
with Qd the flux of sediment (in m 2 /s), Kd the diffusion coefficient (in m 2 /s), -∂h/∂x the gradient of the depositional profile and S = -∂h/∂x the slope. We here use the positive term slope S to describe the stratigraphic geometries.

Three-dimensional diffusion-based stratigraphic models include DIBAFILL [START_REF] Quiquerez | DIBAFILL: a 3-D two-lithology diffusive model for basin infilling[END_REF], DIONISOS (Diffusive Oriented Normal and Inverse-Simulation Of Sedimentation; [START_REF] Granjeon | Modelisation stratigraphique deterministe; conception et applications d'un modele diffusif 3D multilithologique[END_REF][START_REF] Granjeon | Concepts and applications of a 3-D multiple lithology, diffusive model in stratigraphic modeling[END_REF], pyBadlands [START_REF] Salles | Badlands: An open-source, flexible and parallel framework to study landscape dynamics[END_REF]Salles, 2018;Salles et al., 2018;) and Fastscape [START_REF] Braun | A very efficient O(n), implicit and parallel method to solve the stream power equation governing fluvial incision and landscape evolution[END_REF][START_REF] Yuan | Linking continental erosion to marine sediment transport and deposition: A new implicit and O(N) method for inverse analysis[END_REF].

DIBAFILL has mainly been used for generic experiments [START_REF] Quiquerez | DIBAFILL: a 3-D two-lithology diffusive model for basin infilling[END_REF], whereas DIONISOS has been used to reproduce natural systems (e.g., [START_REF] Euzen | Three-dimensional stratigraphic modelling of the Gres d'Annot system, Eocene-Oligocene, SE France[END_REF][START_REF] Csato | A three-dimensional stratigraphic model for the Messinian crisis in the Pannonian Basin, eastern Hungary[END_REF][START_REF] Leroux | Stratigraphic simulations of the shelf of the Gulf of Lions; testing subsidence rates and sealevel curves during the Pliocene and Quaternary[END_REF][START_REF] Hawie | Forward stratigraphic modelling, deterministic approach to improve carbonate heterogeneity prediction; lower cretaceous, Abu Dhabi[END_REF][START_REF] Kolodka | Stratigraphic modelling of platform architecture and carbonate production: A Messinian case study (Sorbas Basin, SE Spain)[END_REF][START_REF] Candido | Stratigraphic modeling of a transgressive barrier-lagoon in the Permian of Paraná Basin, southern Brazil[END_REF].

As a difference, pyBadlands and Fastscape simulate dynamically-linked sediment production, transport and deposition in a source-to-sink context allowing to simulate self-consistent sediment supply to the sedimentary basins. Diffusion-based stratigraphic models are widely used to investigate the interplay between the mains factors controlling stratigraphic sequences (e.g., eustasy, tectonics, flexural isostasy, sediment supply, sediment compaction, basin physiography; e.g., [START_REF] Reynolds | The role of the sediment load in sequence stratigraphy: The influence of flexural isostasy and compaction[END_REF][START_REF] Posamentier | Variability of the sequence stratigraphic model: Effects of local basin factors[END_REF][START_REF] Steckler | Modelling passive margin sequence stratigraphy[END_REF][START_REF] Burgess | Multivariate sequence stratigraphy: Tackling complexity and uncertainty with stratigraphic forward modeling, multiple scenarios, and conditional frequency maps[END_REF][START_REF] Burgess | A brief review of developments in stratigraphic forward modelling, 2000-2009[END_REF][START_REF] Carvajal | Shelf-edge architecture and bypass of sand to deep water; influence of shelf-edge processes, sea level, and sediment supply[END_REF][START_REF] Csato | Millennial-scale sequence stratigraphy; numerical simulation with Dionisos[END_REF][START_REF] Granjeon | 3D forward modelling of the impact of sediment transport and level cycles on continental margins and incised valleys[END_REF][START_REF] Harris | Numerical stratigraphic modeling of climatic controls on basin-scale sedimentation[END_REF][START_REF] Harris | Three-dimensional numerical modeling of eustatic control on continental-margin sand distributionA[END_REF][START_REF] Ding | Quantitative stratigraphic analysis in a source-to-sink numerical framework[END_REF][START_REF] Yuan | Linking continental erosion to marine sediment transport and deposition: A new implicit and O(N) method for inverse analysis[END_REF]. However, despite the wide use of diffusion-based models, the calibration of the values of the diffusion parameters from geological data remains under-investigated.

METHODOLOGY

To estimate diffusion (or transport) coefficients from the geometry of natural sedimentary systems, we developed a method using subsurface data (well logs, biostratigraphic constraints and 2D seismic reflection lines). From those, we defined the high-resolution stratigraphic architecture of the sedimentary system to defined stratigraphic sequences, age models for calibrating stratigraphic sequences in absolute ages as well as grain size distributions (sand/clay ratio) of the deposits along the depositional profile. For each stratigraphic sequence, we then estimated the slopes of sedimentary surfaces at time of deposition and the associated sediment accumulation (or deposition) rates. Diffusion coefficients were then calculated from the linear regression coefficient of the accumulation rate/slope ratio.

Basin analysis: seismic stratigraphy and age model

To establish the stratigraphic architecture of the sedimentary system, we used two complementary methods of seismic stratigraphy based on the characterization of (1) the seismic facies and stratal termination patterns [START_REF] Mitchum | Seismic Stratigraphy and Global Changes of Sea Level, Part 6: Stratigraphic Interpretation of Seismic Reflection Patterns in Depositional Sequences[END_REF] and (2) the offlap-break (shoreline or shelf-edge break) migration trough time [START_REF] Helland-Hansen | Conceptual basis and variability in sequence stratigraphy: A different perspective[END_REF][START_REF] Helland-Hansen | Trajectory analysis: Concepts and applications[END_REF][START_REF] Helland-Hansen | Shoreline trajectories and sequences; description of variable depositional-dip scenarios[END_REF]. We defined depositional sequences [START_REF] Vail | Seismic stratigraphy and global changes of sea level: Part 3, Relative changes of sea level from coastal onlap[END_REF] We used two ages models to calibrate key stratigraphic surface (MRS, MFS and SB) in absolute ages. The low-resolution age model calibrated used biostratigraphy (i.e., foraminifers or nannofossils biozones) available at wells. The high-resolution age model then further refined the calibration within these time intervals using known eustatic, climatic and orbital events when available. From these two calibrations, we evaluated the influence of two temporal resolution on our results.

Estimation of slopes and sediment flux

Clinoforms

We focused our calibrations on shelf-edge clinoforms units which are basinward-dipping accretionary surfaces building up at the transition between the proximal (shelf) and the distal domain (basin floor). These are key sedimentary systems or units widely used to study sediment transit within these two domains (Larue and Martinez, 1989;Thorne, 1995;[START_REF] Pirmez | Clinoform development by advectiondiffusion of suspended sediment: Modeling and comparison to natural systems[END_REF][START_REF] Steel | Clinoforms, clinoform trajectories and deepwater sands[END_REF]Henriksen et al., 2009Henriksen et al., , 2011;;Patruno and Helland-Hansen, 2018). They are typically tens to hundreds of meters thick and represent time intervals of hundreds of thousands to several million years. They are also commonly used as paleogeography and paleobathymetry indicators (e.g., [START_REF] Rich | Three critical environments of deposition, and criteria for recognition of rocks deposited in each of them[END_REF][START_REF] Mitchum | Seismic Stratigraphy and Global Changes of Sea Level, Part 6: Stratigraphic Interpretation of Seismic Reflection Patterns in Depositional Sequences[END_REF][START_REF] Pirmez | Clinoform development by advectiondiffusion of suspended sediment: Modeling and comparison to natural systems[END_REF][START_REF] Steel | Clinoforms, clinoform trajectories and deepwater sands[END_REF][START_REF] Bullimore | Clinoform stacking patterns, shelf-edge trajectories and facies associations in Tertiary coastal deltas, offshore Norway: Implications for the prediction of lithology in prograding systems[END_REF][START_REF] Johannessen | Shelf-m argin clinoform s and prediction of deepwater sands[END_REF][START_REF] Helland-Hansen | Trajectory analysis: Concepts and applications[END_REF][START_REF] Olariu | Influence of point-source sedim ent-supply on m odern shelf-slope m orphology: Im plications for interpretation of ancient shelf m argins[END_REF][START_REF] Glørstad-Clark | Triassic seismic sequence stratigraphy and paleogeography of the western Barents Sea area[END_REF][START_REF] Patruno | Quantitative characterisation of deltaic and subaqueous clinoforms[END_REF].

As the geometry of the clinoforms is modified by post-depositional processes (differential compaction mostly; i.e., [START_REF] Steckler | Reconstruction of Tertiary progradation and clinoform development on the New Jersey passive margin by 2-D backstripping[END_REF][START_REF] Deibert | Eocene clinoform growth in front of a storm-wave-dominated shelf, Central Basin, Spitsbergen: No significant sand delivery to deepwater areas[END_REF][START_REF] Kertznus | Clinoform quantification for assessing the effects of external forcing on continental margin development[END_REF][START_REF] Patruno | Quantitative characterisation of deltaic and subaqueous clinoforms[END_REF][START_REF] Klausen | Methods for restoring and describing ancient clinoform surfaces[END_REF], we retrieved their depositional geometries by correcting sediment thicknesses to their pre-compaction porosity according to their sand/clay ratio and vertical overburden [START_REF] Allen | Basin analysis: Principles and application to petroleum play assessment (Third edit)[END_REF].

We digitized the stratigraphic surfaces of the interpreted stratigraphic architecture in segments of constant slope bounded by pseudo-sections (Fig. 2a). The spatial resolution of our calculation is defined by the distance chosen between two pseudo sections (horizontal sampling distance, ∆X). To evaluated the influence of the spatial resolution on our results, we defined two end-members resolutions (100m and 1500m).

Time-depth conversion

Seismic data are available in two-way travel time seconds. We depth-converted the geometry of the stratigraphic surfaces using a two-layer velocity relationship (Fig. 2b): In layer 1 (water), we used a 1488 m/s velocity (a). In layer 2 (the sedimentary layer), we derive a second-degree-polynomial equation from a compilation of velocities available at the wells located near the modelled cross-section (best-fit regression of check shot survey data). We defined a velocity (b) at each pseudo-section intersection (Fig. 2a). The layer is depthconverted at the intersection of each pseudo-section points (𝑌𝑌′𝑠𝑠(𝑖𝑖); Fig. 2b).

𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝟏𝟏 (𝒘𝒘𝒍𝒍𝒘𝒘𝒍𝒍𝒍𝒍 -𝒔𝒔𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍 𝒔𝒔 𝟏𝟏 ) ; 𝒀𝒀′𝒔𝒔 𝟏𝟏(𝒊𝒊) = 𝒍𝒍 × �𝒀𝒀𝒔𝒔 𝟏𝟏(𝒊𝒊) � ( 

Sand/clay ratio estimation

For the compaction correction, we estimated the sand/clay ratio of each layer at well locations using well logs data (gamma-ray, sonic, resistivity, neutron porosity, and density) and cuttings descriptions. Wells are usually located on the shelf, thus, in the distal domains, we constrained sand/shale ratios from DSDP wells and/or seismic facies. We extrapolated sand/clay ratios linearly between wells to establish a grain-size distribution gradient within each stratigraphic interval (Fig. 2c). For this extrapolation, we used the following equation:

𝒔𝒔𝒇𝒇𝒍𝒍 𝑿𝑿 𝒘𝒘(𝒊𝒊+𝟏𝟏) > 𝑿𝑿 (𝒊𝒊) > 𝑿𝑿 𝒘𝒘(𝒊𝒊) ∶ 𝑳𝑳 𝑿𝑿(𝒊𝒊) = 𝑳𝑳 𝑾𝑾(𝒊𝒊+𝟏𝟏) -𝑳𝑳 𝑾𝑾(𝒊𝒊) 𝑿𝑿 𝑾𝑾(𝒊𝒊+𝟏𝟏) -𝑿𝑿 𝑾𝑾(𝒊𝒊) × �𝑿𝑿 (𝒊𝒊) -𝑿𝑿 𝑾𝑾(𝒊𝒊) � (𝟒𝟒)
with 𝑿𝑿 𝒘𝒘(𝒊𝒊) the location along the section of the well W(i), 𝑳𝑳 𝑾𝑾(𝒊𝒊) the sand/clay ratio at the well W(i) and 𝑳𝑳 𝑿𝑿(𝒊𝒊) the sand/clay ratio at a given position X(i) at a given location along the section.

Correction of slopes and sediment thicknesses for differential compaction

To correct present-day slopes and sediment thicknesses for post-depositional compaction, we used the backstripping methods of [START_REF] Allen | Basin analysis: Principles and application to petroleum play assessment (Third edit)[END_REF] and equations in Watts and Ryan (1976) and [START_REF] Steckler | Subsidence of the Atlantic-type continental margin off New York[END_REF]. Decompaction method is summarized in Figure 2d and consists in restoring the thicknesses of the considered strata between a reference surface R and the clinoform surface Sn, conditioned to the fact that the remaining porosity below the reference surface is negligible. The reference basal surface R can be either the infill/basement unconformity or a basin-scale stratigraphic surface (e.g. maximum flooding surface) deep enough (>2000m) for remaining porosity to be very low and thus for underlying sediments having reached their maximum compaction [START_REF] Giles | Diagenesis: A quantitative perspective: Implications for basin modelling and rock property prediction[END_REF]. For both case studies the reference level R corresponds to the Cretaceous / Cenozoic limit. We did not correct porosity for waterload. Indeed, in the proximal domain, water depth is low enough (<100m) for water-load correction to be negligeable. In the distal domain (deltaic slopes and deep-sea depositional environment) paleo-water-depth estimation is difficult before decompaction. However, the stratigraphic layers in these domains are thin enough for the porosity correction to be negligible as well. After correction, we measured slope of each segment of the clinoforms between pseudo-sections (Fig. 2e).

Estimation of accumulation rates (Qd) and diffusion coefficients (Kd)

Accumulation rates (Qd)

We used the area of each stratigraphic layer (A(i)) along the 2D cross-sections as a proxy of the accumulated volumes of sediment (the sum the trapezoid areas of the stratigraphic layer between pseudo-sections; Fig. 2e). Corresponding accumulation (or deposition) rates (Qd) are then used as a proxy of sediment fluxes (i.e., the total amount of sediment which transited through the center point of each segment during the given time interval; Fig. 3). They were calculated using:

with Qd(i) the accumulation rates (in km 2 /kyr) at the center point of the segment of the stratigraphic layer (i), ATotal the restored total surface of sediment of the stratigraphic layer (in km 2 ), A(i) the surface of sediment deposited in the segment (i) (in km 2 ), and ∆T the duration of the stratigraphic interval (in kyr). Accumulation rates Qd(i) were then used to estimate diffusion coefficients (Kd) for various portions of the cross-section.

Depositional domains

We subdivided each stratigraphic layer into four or five depositional domains (Fig. 2f, Fig. 3) according to the slope and bathymetry at time of deposition (i.e., after porosity correction). The 

Calculation of diffusion coefficients (Kd)

From the diffusion equation (eq. 1), we estimated Kd as the coefficient of the linear regression of the accumulation rates Qd (i.e., proxy of the sedimentary fluxes) against the measured slopes (i.e. gradient) in each depositional domain (Fig. 3).

To evaluate the relevance of the diffusion-like approximation in the various depositional domains and for the different spatial and temporal scales, we also calculated the coefficient of determination R 2 of the linear regression. If the R 2 value is close to one, the accumulation rate Qd / slope S relationship is robust and the diffusion approximation reproduces consistently transport and deposition in the depositional domain. On the other hand, if R 2 value is close to zero, the diffusion approach is not optimal to approximate sedimentary processes in the given domain or temporal or spatial scales.

Source of errors and method to estimate calculation uncertainties

Our estimation of the diffusion coefficient Kd is based on two major assumptions that are inherent to the scale and scope of the subsurface dataset used in sedimentary basin analysis.

(i) We used accumulation rates (Qd) as a proxy to the sediment flux. Indeed, the catchment evolution in the source areas cannot be resolved and the sediment flux has to be estimated.

(ii) Also, we assume that sediments are deposited within the same time interval from the upstream to the downstream of the depositional profile (i.e., stratigraphic surfaces are timelines).

Among the sources of uncertainties in our measurement are the calibration of stratigraphic surfaces in absolute ages and the estimation of the duration of their relative depositional sequences. Despite the resolutions of our age models (100 ka and 500 ka), they impact the calculations of accumulations rates and, in doing so, the estimation of the Kd. To take this effect into account in our calculations, we estimated a range of uncertainty for the age of each stratigraphic surface and included it in the calculations (Fig. 4a). The time-to-depth conversion and the sand/clay ratio impacts the geometries of stratigraphic layer via the porosity correction and estimation of depositional slopes and sediment accumulations. To take these effects into account in our calculations, we included in the calculations a range of variation of the coefficients of the second order polynomial equation used for depth conversion (Fig. 4a). We also included a 20% range of variation on the sand/shale ratios estimated from cuttings and well logs. We compiled published values of surface porosities Φ 0 and coefficients of compaction C (e.g., [START_REF] Bachman | Density, porosity, and grain density of samples from Deep Sea Drilling Project Site 222 (Leg 23) in the Arabian Sea[END_REF][START_REF] Sclater | Continental stretching: An explanation of the postmid-Cretaceous subsidence of the central North Sea basin[END_REF][START_REF] Baldwin | Compaction curves[END_REF][START_REF] Fowler | The subsidence of the Williston Basin[END_REF][START_REF] Audet | A mathematical model for compaction in sedimentary basins[END_REF][START_REF] Giles | Diagenesis: A quantitative perspective: Implications for basin modelling and rock property prediction[END_REF][START_REF] Kominz | Oligocene eustasy from two-dimensional sequence stratigraphic backstripping[END_REF][START_REF] Marcussen | Physical properties of Cenozoic mudstones from the northern North Sea: Impact of clay mineralogy on compaction trends[END_REF][START_REF] Marcussen | Changes in physical properties of a reservoir sandstone as a function of burial depth-The Etive Formation, northern North Sea[END_REF]. We estimated overall uncertainties related to these parameters (age of stratigraphic surfaces, depth conversion, porosity correction) by performing twenty calculations for every segment. At each calculation, we randomly vary the parameters within their variation range using a normal law (Fig. 4a). Our results present the mean values of these twenty calculations. In addition, we performed the calculations with the different spatial (distance between pseudo-sections, ∆x) and temporal resolutions (time increment, ∆T).

Figure 4b illustrates the mean values of deposition rates and slopes and their associated uncertainties for a given stratigraphic layer at low resolution (∆x = 1500m; ∆T = 500 ka).

Although significant, the minimum and maximum values remain within order of magnitude and follow the same trend. Generally, the thinner the stratigraphic layer, the higher is uncertainty on the deposition rate due to a greater impact of the age uncertainty. The uncertainties are higher on the shelf than in the rest of the depositional domains.

CASE STUDIES

We estimated diffusion coefficients from two Neogene to Quaternary (5-12 Ma) siliciclastic deltaic systems: the Ogooué delta on the West-African Gabon rifted margin and the Zambezi delta on the East-African Mozambic rifted margin (Fig. 5).

Geological setting of the Ogooué and Zambezi Deltas

The Ogooué deltaic system is located north of the N'Komi and south of the Kango and Fang transform fracture zones (TFZ; Fig. 5a). It is part of the northern Gabon offshore sub-basin and developed at a mature stage of this Cretaceous rifted margin. We chose that case study because it is relatively small (150 x 250 km) and relatively well delimited (i.e., Kango and N'Komi TFZ; Fig. 5a), its geometry is not affected by gravity driven deformation associated with evaporites and it is well covered by industrial sub-surface data. The modern Ogooue fan extends over more than 550 km westwards of the Gabonese shelf and passes through the Cameroon volcanic line [START_REF] Mignard | Deep-sea terrigenous organic carbon transfer and accumulation: Impact of sea-level variations and sedimentation processes off the Ogooue River (Gabon)[END_REF][START_REF] Mignard | The Ogooue Fan (offshore Gabon): a modern example of deep-sea fan on a complex slope profile[END_REF]. Mougamba (1999) analyzed the Cenozoic stratigraphic architecture and evolution of the delta and showed a Neogene to Quaternary progradation sequence. We analyzed these Plio-Pleistocene deltaic clinoforms (last 5 Ma).

The Zambezi Delta is located along the northern Mozambican Margin which is bounded by the Mozambique TFZ to the west and the Davie Ridge or Davie TFZ to the east (Fig. 5b). The Beira High is a continental topographic structure (280 km long and 100 km wide) parallel to the coastline [START_REF] König | Advanced insights into magmatism and volcanism of the Mozambique Ridge and Mozambique Basin in the view of new potential field data[END_REF][START_REF] Mueller | The crustal structure of Beira High, central Mozambique-Combined investigation of wide-angle seismic and potential field data[END_REF] dividing the Zambezi sedimentary system into a proximal part including the deltaic domain and the Zambezi depression, and a distal part (the Angoche Basin) corresponding to the abyssal plain associated with a major turbiditic system and contouritic deposits related to strong oceanic circulations in this area (Diaz-Esteve and Pierce, 2017; [START_REF] Wiles | Zambezi continental margin: Compartmentalized sediment transfer routes to the abyssal Mozambique Channel[END_REF][START_REF] Sansom | Hybrid turbidite-contourite systems of the Tanzanian margin[END_REF][START_REF] Fierens | Late Quaternary geomorphology and sedimentary processes in the Zambezi turbidite system (Mozambique Channel)[END_REF][START_REF] Miramontes | The influence of bottom currents on the Zambezi Valley morphology (Mozambique Channel, SW Indian Ocean): In situ current observations and hydrodynamic modelling[END_REF][START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphies to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF][START_REF] Thiéblemont | Contourite depositional systems along the Mozambique channel: The interplay between bottom currents and sedimentary processes[END_REF][START_REF] Thiéblemont | Seismic stratigraphic framework and depositional history for Cretaceous and Cenozoic contourite depositional systems of the Mozambique Channel, SW Indian Ocean[END_REF]Fig. 5b). The Zambezi delta structure is much larger (500 x 2000 km) and complex than the Ogooué delta.

The Neogene sequences were determined and dated at high-resolution by [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphies to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF].

We restored these Miocene to Pleistocene deltaic clinoforms (last 12 Ma).

Dataset

For the seismic stratigraphy analysis, we used an extensive industrial 2D seismic reflection dataset shot from the 1970's and the 2000's which has been made available by the company TotalEnergies (Fig. 5). We used five industrial exploration wells and one DSDP well (Deep Sea

Drilling Project) to calibrate our seismic interpretation in terms of lithology, age and depositional environments: two wells for the Oggoué delta profile (wells O1 and O2) and three for the Zambezi delta profile (X', X2, X3) (Figs. 5 and6).

Stratigraphic architectures

Our interpretations of the reference cross-sections of the Ogooué and Zambezi deltas in highresolution seismic stratigraphy is based on the works of Mougamba (1999) and Ponte et al.

(2019) respectively.

Both deltas show a progradational-agradational trend during the Neogene to Quaternary (Fig. 6). The depositional profiles increased in height and steepness through time suggesting variations of the progradation rate driven by an increase of the sediment supply to the deltas.

In both deltas, the upslope is flat and relatively continuous and corresponds to alternating deltaic plains and shelf deposits (calibration by well-logs and cuttings). The clinoforms show steep slopes with clayey siltstones and a wide variety of facies from gravitary deposits to hemipelagites at their base. The Zambezi delta shows (1) significant amount of gravitary deposits (from shallow turbidites lobes to Mass Transport Complex -MTC) and ( 2) mounded structures characteristic of the effect of oceanic currents (contourites; e.g., Faugères et al., 1999;Rebesco et al., 2014[START_REF] Thiéblemont | Contourite depositional systems along the Mozambique channel: The interplay between bottom currents and sedimentary processes[END_REF], 2020). For both systems, we identified several depositional sequences during the Neogene to Quaternary (Fig. 6 

Slopes and bathymetries

In both deltas, the mean shelf slope is lower than 1.5 % except for local perturbations of the depositional profile where they can reach 5 % (Fig. 7). Paleobathymetries range from 50 to 100 m (Fig. 7). The proximal limit of the upper deltaic domain is the shelf-break which shows a great and rapid slope increase up to a mean value of 11 % and a paleo-depth of 500 m. At and7c). For the Ogooué delta, scarcity of data in the distal and proximal deltaic domains is a source of uncertainties (Fig. 5 and6). However, less than ≈10 % of the total Plio-Pleistocene volume of sediments of the Ogooué delta are deposited in these domains, reducing the impact of these uncertainties on our calculations. As a difference, the distal Zambezi delta is extremely well covered by seismic and well data [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphies to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF].

Age model

The high-resolution calibration in absolute ages of the stratigraphic surfaces is based on the approach developed by [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphies to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF]. It is based on biostratigraphy data (planktonic foraminifer and calcareous nanofossiles biozones) available at wells which give a resolution of several tens of thousands to million years (low resolution age model). We then improved the temporal resolution by correlating third (1-2 Myr) to fourth (x0.1 Myr) orders stratigraphic sequences with climatic and eustatic charts (e.g., [START_REF] Zachos | Trends, rhythms, and aberrations in global climate 65 Ma to present[END_REF]Lisiecki andRaymo, 2005, 2007;[START_REF] Miller | The Phanerozoic record of global sea-level change[END_REF][START_REF] De Boer | Cenozoic global ice-volume and temperature simulations with 1-D ice-sheet models forced by benthic δ18O records[END_REF][START_REF] Spratt | A Late Pleistocene sea level stack[END_REF] assuming that higher frequency depositional sequences resulted from climate-induced sea level variations related to the Earth orbital parameters variations (i.e., Milankovich cycles; e.g. [START_REF] Strasser | Third-order depositional sequences reflecting Milankovitch cyclicity[END_REF][START_REF] Boulila | On the origin of Cenozoic and Mesozoic "third-order" eustatic sequences[END_REF][START_REF] Boulila | On the origin of Cenozoic and Mesozoic "third-order" eustatic sequences[END_REF][START_REF] Martinez | Orbital pacing of carbon fluxes by a∼ 9-My eccentricity cycle during the Mesozoic[END_REF]; high resolution age model).

In the Ogooué delta, the mean duration of stratigraphic cycles is 0.6 Myr (low resolution age model) with system tracks estimated to represent 40 to 100 Kyr (high resolution age model; Fig. 6 a3). In the Zambezi delta, the duration is 0.8 Myr for stratigraphic cycles and 40 to 100 Kyr for the system tracks in the Miocene to Pleistocene interval (Fig. 5b3).

Variation of Kd through time

The slope S and accumulation rate Qd values of the stratigraphic intervals of the Ogooué and Zambezi deltas are fairly constant through time within each depositional domain (Fig. 11). More variability is nonetheless observed at high resolution (Fig. 11). Kd values range within the same order of magnitude except on the shelf and, rarely, on the lower slopes and distal domain where negative values are calculated. during the Calabrian, especially after 0.9 Ma. This increase is coeval of an increase of Qd while the slopes remain fairly constant.

DISCUSSIONS Causes of diffusion coefficient variations

The diffusion coefficients Kd values we calculated fall within the same order of magnitude (x0,1 km 2 /ka) which is a much narrower range than previously published values (x0,0001 to x10 km 2 /ka; Fig. 1). This narrow range values indicates that, at first order, the flux is compensated by the slope along the depositional profile.

Our statistical analysis shows that the diffusion is optimal to approximate sediment transport and deposition across rifted margins at a kilometric scale and for time intervals of 0.5 -1Ma.

At these scales, the assumption that sediments are transported proportionally to the slope, consistently averages the various sedimentary processes occurring within the different domains of the depositional profile.

Nevertheless, within this narrow range, we documented variations of Kd values that suggest that the flux/slope ratio evolves along the depositional profile (Fig. 12). The best fit of the linear regression is in the upper deltaic slope domain where steep slopes are consistent with gravitary transport, i.e., the process is approximated by diffusion (Fig. 12). The negative values on the shelf are the results of local disturbance in the deposition gradient by proximal sedimentary processes (e.g., waves, tides, or shore and littoral drift; Fig. 12). The diffusion is therefore not optimal to approximate transport and deposition on the shelf at kilometric scale and for million years time intervals. Similarly, the variability of Kd values in distal domains results from gentle slopes and changes in sedimentary flux values and directions controlled by sedimentary processes such as hemipelagic deposition, turbiditic events and oceanic currents.

The diffusion is therefore not optimal to approximate transport and deposition in the distal domain either (Fig. 12). Furthermore, the low values of the coefficients of determination of the linear regression in the distal domain also suggest a non-linear relation between the slope and the accumulations rates in this part or the depositional profile. In addition, both deltas record an increase of Qd and Kd values at 0.9 Ma (Fig. 11). This increase is coeval of an increase in the amplitude of eustatic variations at this time (Middle Pleistocene Transition; [START_REF] Hansen | Climate sensitivity, sea level and atmospheric carbon dioxide[END_REF][START_REF] Miller | Cenozoic sea-level and cryospheric evolution from deep-sea geochemical and continental margin records[END_REF]Fig. 11). Nevertheless, the Ogooué delta also records a decrease of Qd and Kd values after 0.4 Ma (Fig. 11). There is no indication of change in the drainage area over that period [START_REF] Guillocheau | Cenozoic landscape evolution in and around the Congo Basin: Constraints from sediments and planation surfaces[END_REF], nor of a change in the amplitude of the eustatic variations. This suggest that this decrease in Qd (and Kd) values may have been controlled by a change in the type of climate. Accordingly, the durations of the glacial and interglacial phases evolve in favor of the glacial phases over the last 0.8 Ma (Past Interglacials Working Group of PAGES, 2016), and in doing so, in favor of a more arid climate (e.g. Rommerskirchen et al., 2006).

Effect of tectonic and climate on sedimentation dynamic

These observations suggest a temporal correlation between climate and tectonic variations on the sedimentary supply to rifted margin deltas. However, additional models and studies varying precipitations and erodibility are needed to further explore of the relative effect of climate and tectonic on sedimentary flux.

Limits of Kd estimation on natural systems

We estimated the variability of the diffusion coefficients associated with uncertainties in every step of the calculation (e.g., calibration in absolute ages, time-depth conversion, sand/shale ratio and porosity correction). At first order, the adequacy of the diffusion approximation is most of all limited by sedimentary processes (waves, hemipelagites and carbonates, turbiditic and oceanic currents) altering slopes and fluxes (both in values and directions) on the shelf and in the distal domains, and in doing so, the measured Kd. These processes are therefore not optimally approximated by diffusion with a constant transport coefficient. This is why, in some numerical simulations, authors have chosen to vary coefficients as a function of the water depth (e.g. [START_REF] Paola | Quantitative models of sedimentary basin filling[END_REF], which highlights the limit of linear diffusion as an all-in-one solution to reproduce the whole complexity of natural systems. Finally, our measurements were only performed for two rifted margin deltas and additional measurements in distinct geological settings (e.g., foreland, rift) are necessary to define a comprehensive range of reasonable diffusion coefficient values.

CONCLUSIONS

We developed a methodology to estimate diffusion coefficients from the flux / slope ratio along the depositional profiles of sedimentary systems using high resolution seismic stratigraphy analysis of their stratigraphic architecture. We applied the method to two natural examples of rifted margin shelf-edge deltas. For each stratigraphic sequence, (1) we calibrated the sand/shale ratios across the depositional profile in order to (2) restore the depositional slope of each stratigraphic horizon by correcting for post-depositional compaction. (3) We then estimated uncompacted accumulated volumes in order to estimate (4) the transport coefficient Kd from the ratio of the sediment flux and the slope.

The measured values of diffusion coefficients fall within a single order of magnitude (x0,1 km 2 /ka) irrespective of the stratigraphic context or the sand/clay ratio. Our statistical analysis

shows that the diffusion is optimal to approximate sedimentary processes at kilometric scale and for time intervals of 500 ka -1 Ma. The diffusion coefficient values vary according to the depositional domain. The diffusion assumption is optimal for the deltaic slope domain where slopes are steep and mostly controlled by gravity-driven transport. On the platform and in the distal domain, other sedimentary processes such as oceanic currents, turbiditic channels, hemipelagites, or waves limit the relevance of the diffusion approximation. We show that the diffusion coefficients values and the sedimentary flux increase at 0.9 Ma along with an increase in the amplitude of eustatic variations. This highlights the interplay between catchment dynamics, sedimentary supply and offshore sediment transport. This also indicates that the calibration of diffusion coefficient from present day sedimentary systems might not be optimal for simulations of systems deposited before the Pliocene. 

FIGURES CAPTIONS

  bounded by key surfaces (SB= Sequence Boundary; MFS= Maximum Flooding Surface; MRS= Maximum Regressive Surface; Catuneanu et al., 2009), resulting from changes in the balance between accommodation space and sedimentary flux. These sequences record a seaward and landward migration of the shoreline through time, i.e., a progradation (regression) and a retrogradation (transgression). The regression is recorded by three main stratal units: (1) the Highstand Normal Regressive deposits (HNR) during the onset of the regression; (2) the Forced Regressive deposits (FR) contemporaneous of an aerial erosion onshore and (3) the Lowstand Normal Regressive deposits (LNR) at the end of the regression. The transgression is recorded by the transgressive deposits (T; Catuneanu et al., 2009).

  𝟐𝟐) 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝟐𝟐 (𝒔𝒔𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍 𝒔𝒔 𝟏𝟏 -𝒔𝒔𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍𝒔𝒔𝒍𝒍 𝒔𝒔 𝟐𝟐 ) ; 𝒀𝒀′𝒔𝒔 𝟐𝟐(𝒊𝒊) = 𝒍𝒍 × �𝒀𝒀𝒔𝒔 𝟐𝟐(𝒊𝒊) -𝒀𝒀𝒔𝒔 𝟏𝟏(𝒊𝒊) � 𝟐𝟐 + 𝒃𝒃 × �𝒀𝒀𝒔𝒔 𝟐𝟐(𝒊𝒊) -𝒀𝒀𝒔𝒔 𝟏𝟏(𝒊𝒊) � (𝟑𝟑) 𝒔𝒔 𝟏𝟏 and 𝒔𝒔 𝟐𝟐 are the top and bottom surfaces of the considered sediment layer; 𝒀𝒀𝒔𝒔 𝟏𝟏(𝒊𝒊) and 𝒀𝒀𝒔𝒔 𝟐𝟐(𝒊𝒊) are the travel times (in seconds) of the intersection points between the pseudo section (𝒊𝒊) and the considered surfaces 𝑠𝑠; 𝒀𝒀′𝒔𝒔 𝟏𝟏(𝒊𝒊) and 𝒀𝒀′𝒔𝒔 𝟐𝟐(𝒊𝒊) are their respective depth in meters and a and b are the velocities of the considered intervals in meters per second.

  shelf (Sh) corresponds to the subaqueous marine shelf sensuBurgess and Steel (2008) and[START_REF] Olariu | Influence of point-source sedim ent-supply on m odern shelf-slope m orphology: Im plications for interpretation of ancient shelf m argins[END_REF]. It has a low overall gradient (typically 0.01-0.02°, but as steep as 1°;Asquith, 1970;[START_REF] Olariu | Influence of point-source sedim ent-supply on m odern shelf-slope m orphology: Im plications for interpretation of ancient shelf m argins[END_REF] and is located between the shoreline and the shelfedge break (i.e., topset-foreset rollover point of the clinoform) typically observed at bathymetries ranging from 50 to 300m (e.g.,[START_REF] Olariu | Influence of point-source sedim ent-supply on m odern shelf-slope m orphology: Im plications for interpretation of ancient shelf m argins[END_REF][START_REF] Helland-Hansen | Trajectory analysis: Concepts and applications[END_REF]. The upper slope domain (US) corresponds to the foreset of the clinoforms and is bounded upslope by the shelf-edge break and downslope by the foreset-bottomset rollover point. Its bathymetry range from tens to several hundreds of meters and its slope can reach more than 10° (e.g.,[START_REF] Patruno | Quantitative characterisation of deltaic and subaqueous clinoforms[END_REF] Patruno and Helland-Hansen, 2018). The lower part of the slope (lower slope domain, LS) corresponds to the decreasing topographic gradient of the sigmoidal shape of the clinoforms. The distal (D) and abyssal plain domains𝑸𝑸 𝒅𝒅(𝒊𝒊) = 𝑨𝑨 𝑻𝑻𝒇𝒇𝒘𝒘𝒍𝒍𝒍𝒍 -𝑨𝑨 (𝒊𝒊-𝟏𝟏) -𝑨𝑨 (𝒊𝒊) 𝟐𝟐 ∆𝑻𝑻 (𝟓𝟓)(AP) are characterized by very gentle slopes (<1°) and bathymetries reaching several thousand meters.

  a2, b2): nine in the Ogooué Delta (PL-01 to PL-O9) and sixteen in the Zambezi Delta (MZ1 -MZ10 and PL.Z1 to PL.Z6). In both deltas, most system-tracks correspond to lowstand normal regressive (LNR) deposits. They are especially well preserved in the Ogooué delta where they constitute most of the Plio-Pleistocene infilling. One period of accommodation removal is preserved in the Ogooué delta (forced regression; FR). Especially well illustrated along the Zambezi deltaic slopes, gravity flow deposits are part of the LNR and onlap the unconformity at the toe of the clinoforms. Transgressive deposits (T) are recorded by one or a few reflectors and are sometimes completely or partly eroded by the overlying unconformity. Numerous well-preserved thin highstand normal regressive (HNR) deposits are recorded below the unconformity in the Zambezi delta and are mostly eroded by the latter in the Ogooué delta (Fig. 6 b2).

  the transition from upper to lower deltaic domain of slope values decrease rapidly to 3-4 % with mean paleobathymetries ranging from 1000 m in the Zambezi delta to 1600-1800 m in the Ogooué delta. The distal domain and abyssal plain (only observed in the Zambezi delta) have very gentle slope (<1.5 %) and paleobathymetries ranging from 1000 to 2500 m in the Ogooué delta and over 5000 m in the Mozambique channel (Figs. 7b

  Nevertheless, in the Zambezi delta, two moderate Kd values increases along with Qd values at the upper Tortonian (8 Ma) and the Messinian/Zanclean (c. 5.3 Ma) boundary. In the Ogooué delta, Kd values increase in the distal domain at the Pliocene-Pleistocene transition (c. 2.6 Ma) along with significant increase of the values of slopes (particularly in the upper deltaic slope domain) and Qd. Following a decrease during the Gelasian, Kd values increase in both deltas

  The lack of relationship between Kd values and the stratigraphic context implies that the variations of the accommodation and sedimentation ratio, driving the sequence stratigraphic framework, do not affect the Kd values. Thus, at kilometric and 1 Ma scales, variations in sediment flux are compensated by variation of slopes along the depositional profile: the slope become steeper during progradation than during retrogradation in both the Ogooué and Zambezi deltas.

  An increase in sediment supply to a rifted margin basins may result from relief variations in the drainage areas of the deltas that may result from increase either in rock-uplift or in climatedriven erosion efficiency, or both. The stratigraphic record of an uplift in the drainage area of rifted margin has three distinct signatures: (1) a tilting of the margin stratigraphic horizons truncated by an angular unconformity, (2) a major relative sea-level fall and (3) an increase in siliciclastic sediment supply (if humid conditions prevailed).At the Piacenzian/Gelasian boundary, the uplift of the rifted margin of the Zambezi delta is suggested by a relative sea-level fall and a sharp downward shift of the shoreline (forced regression; Ponte et al 2019; Fig.5). This may have caused the increase of the slope, Qd and Kd that we documented at this time (Fig.11). In the Late Tortonian and at the Messinian/Zanclean boundary, the increase in Qd and Kd values recorded in the Zambezi delta (Fig.11) may have recorded an increase in uplift rate in the drainage area, a major climate change and/or a drainage reorganization. Other observations are needed to decipher the cause(s).

Furthermore

  , our measurements were performed for two sedimentary systems formed during the Pliocene -Pleistocene icehouse. In this climatic context of high-frequency/high-amplitude changes in absolute sea level, the stratigraphic record is characterized by specific patterns of sediment distribution and chronostratigraphic relationships. These fairly "modern" relationships are often used as a template for sequence stratigraphic interpretation and predicting sediment distribution of pre-Pliocene sedimentary systems potentially formed during greenhouse climatic context when absolute sea-level fluctuations are known to have been different. Care should therefore be taken when extrapolating calibrations performed on icehouse driven sedimentary systems to greenhouse driven systems which may have different dynamics.

Figure 1 :

 1 Figure 1: Diffusion coefficients (Kd) values (in km 2 /kyr) published and measured in this study.

Figure 2 :

 2 Figure 2: Workflow of the estimation of the diffusion coefficient Kd. (a) Digitization of stratigraphic surfaces subdivided into segments bounded by pseudo-sections X(i). YS(i) is the Two-way Travel Time (TWT in seconds) at each pseudo section intersection X(i)) is the distance between two pseudo sections (horizontal sampling distance, ∆X). (b) Time to depth conversion. Y'S(i) is the depth (in meters) of intersection points. (c) Sand/clay ratio gradient along the sediment layer extrapolating lithologies LW(i) between wells XW(i). (d) Correction from post-depositional compaction. (e) Calculation of depositional rate Qd(i) and slope S(i) between pseudo-sections. (f) Estimation of diffusion coefficient Kd in environmental domains. Kd are the coefficient of the linear relation between deposition rates Qd(i) and slopes S(i).

Figure 3 :

 3 Figure3: Calculation of deposition rates (Qd) from the ratio between the total amount of sediment which transited through the center point of each segment (AT) and the time interval duration (∆T). A(i) is the area of sediment in the depositional domain (i) (proxy of the volume of sediments). S(i) is the slope of the depositional domain (i).

Figure 4 :

 4 Figure4: (a) Range of the parameters values used to estimate accumulation rates (Qd) and to restore slope (S) at time of deposition and the associated uncertainties. Calculations are repeated twenty time varying these parameters, within the indicated range, using a normal law. We then use the mean value of these twenty calculations to estimate Kd. (b) Example of uncertainties on the accumulation rates and the slopes for a given stratigraphic layer.

Figure 5 :

 5 Figure 5: Location maps of the case studies (a) Ogooué delta and (b) Zambezi delta and their datasets (seismic lines, wells, reference sections). OCB: Ocean-Continent Boundary.

Figure 6 :

 6 Figure 6: High-resolution seismic stratigraphy interpretations (a2, b2) and age models (a1, a3, b1, b3) of the Cenozoic Ogooué (a) and Zambezi (b) deltas. High resolution age models (a3, b3) established using the approach of Ponte et al. (2019).

Figure 7 :

 7 Figure 7: Definition of depositional domains from paleobathymetries and slopes at time of deposition. (a) Example of the bathymetric profile (and associated slopes) of a stratigraphic surface. The bathymetry is estimated after restoration of the surface geometry at time of deposition using the backstripping method. (b) Box and Whisker diagrams of bathymetries for the different depositional domains for all the stratigraphic layers after restoration. (c) Box and whisker diagrams of slopes for each depositional domain of all restored stratigraphic surfaces.

Figure 8 :

 8 Figure 8: Relationships between deposition rates (Qd) and slopes (S) for two stratigraphic layers in the Ogooué delta for various time interval resolutions (∆T) and distances of sampling (∆x). Dots are the mean value of twenty calculations including uncertainties related to timedepth conversion, sand/shale ratios, porosity corrections and calibrations in absolute ages.

Figure 9 :

 9 Figure 9: Diffusion/transport coefficient values for the Ogooué and Zambezi deltas at both low and high time (∆T) and space (∆x) resolutions. (a) Box and whisker diagrams of all mean values (Kd) and coefficients of determination (R 2 ) for high (a1, a2) and low (a3, a4) resolutions in each depositional domain. (b) Box and whisker diagrams of mean values of Kd and coefficients of determination (R 2 ) at high (b1, b2) and low (b3, b4) resolutions for various bathymetries.

Figure 10 :

 10 Figure 10: Box and whisker diagrams of mean high-resolution values of diffusion coefficients (Kd) for the Ogooué (a) and Zambezi (b) delta according to the stratigraphic context (Lowstand

Figure 11 :

 11 Figure 11: Evolution through time of slopes at time of deposition, depositional rates Qd, diffusion coefficients Kd for the reference sections of the Ogooué (a) and Zambezi (b) deltas at both low and high resolutions. Eustasy[START_REF] Miller | The Phanerozoic record of global sea-level change[END_REF] and surface-air temperature[START_REF] De Boer | Cenozoic global ice-volume and temperature simulations with 1-D ice-sheet models forced by benthic δ18O records[END_REF] are shown in blue and green respectively.

Figure 12 :

 12 Figure 12: Synthesis of measured Kd values and their variability along the depositional profile. Z.: Zambezi delta; O.: Ogooué delta.
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RESULTS: DIFFUSION COEFFICIENT VARIABILITY

Diffusion coefficients Kd are determined from the mean values of regression coefficients of the depositional rate/ slope relationships (Qd/S) estimated by twenty calculations (Fig. 8). They range from -0.18 to 0.8 km 2 /ka in the Ogooué delta and -0.30 to 2 km 2 /ka in the Zambezi delta (Fig. 1; Fig. 9). The mean values of Kd range from 0.03 to 0.1 km 2 /ka for both deltas. Most of the diffusion coefficients Kd values fall within the same order of magnitude (x0.1 km 2 /ka) which is a much narrower range than previously published values (x0.0001 to x10 km 2 /ka; Fig. 1).

The best fits of the regressions are observed in the upper deltaic slope domain where slopes are steep while distal and proximal domains show more variability in Kd values. The parameters responsible for these variations are discussed hereafter.

Influence of spatial and temporal resolution

We tested for the influence of the time resolution (∆T) and sampling distance (∆x) on the measured values of Kd and their variability (R 2 ). To do this, we defined two end-member combinations of temporal and spatial resolutions: (1) the High-Resolution combination (HR) with short sampling distances (∆x = 0.1 km for the Ogooué; ∆x = 0.15 km for the Zambezi) and time intervals (system track scale with ∆T ca. 0.1 Ma), and, (2) the Low-Resolution combination (LR) with long sampling distances (∆x = 1.5 km) and time intervals (depositional sequences scale with ∆T ca. 0.5 Ma; Fig. 9). For the Zambezi abyssal plain domain, which is over 2300 km long, we used longer sampling distances (HR ∆x = 5 km and LR ∆x of 25 km) and time intervals (∆T of 2 to 6 Ma; Fig. 8). At high-resolution (HR) we measured forty-nine values in the Ogooué delta and forty-eight in the Zambezi while we measured respectively nine and sixteen values at low-resolution (LR).

The values of Kd increase with longer sampling distance (∆x) while their variability decrease (higher R 2 , Fig. 7a). The values of Kd (and their variability) decrease slightly with shorter time resolution (∆T; Fig. 8b). However, all Kd values remain within the same order of magnitude irrespective of the spatial and temporal resolutions.

Variation of Kd along the depositional profile

The Kd values and their dispersion vary along the depositional profile (i.e., with slopes and bathymetries; Fig. 9). Kd values are negative (-0.29 to -0.05 km 2 /ka) for low bathymetries (0-200 m), low and less variable (low interquartile range, IQR and high R 2 ) for bathymetries ranging from 200 to 1000 m (0.05 to 0.1 km 2 /ka) and higher and scattered in the deepest part (> 1000 m) of the basin (up to 1.7 km 2 /ka, high IQR, low R 2 , Fig. 9b). As a consequence, the mean Kd values are negative on the shelf (ranging from -0.026 to -0.15 km 2 /ka), low on the deltaic slopes (0.02 -0.11 km 2 /ka) and higher and variable in the distal domains (0.39 to 1.31 km 2 /ka). The best fit of the linear regression is for the upper deltaic slope domains where the slopes are the steepest (Fig. 9a).

Variation of Kd with the stratigraphic context

Regardless of the stratigraphic context (highstand of lowstand), the values of Kd range from 0.03 to 0.1 km 2 /ka for both deltas (white rectangles on Fig. 10). The dispersion of Kd values does however vary according to the type of systems tracks (Fig. 10): it is higher for Highstand Normal Regressive system tracks (0.6 and 0.25 km 2 /ka for the Ogooué and Zambezi deltas respectively) than for Lowstand Normal Regressive system tracks (0.22 and 0.18 km 2 /ka for the Ogooué and Zambezi deltas respectively, Fig. 10). The lowest dispersion is observed for Transgressive system tracks (IQR 0.08 and 0.12 km 2 /ka for the Ogooué and Zambezi deltas respectively; Fig. 10). However, this may result from the limited number of measurements as these system-tracks are less preserved than the others.

Within each type of system tract, Kd values follow the same trend along the depositional profile than globally: (i) negative values for the shelf; (ii) low and moderately scattered (low IQR) values for the upper and lower deltaic slopes and (iii) higher and very variable values in distal domains (high IQR). The only exception is the Highstand Normal Regressive system tracks of the Zambezi delta where the highest Kd values are observed for the upper deltaic slopes and where distal domains show low Kd variations (IQR= 0.12; Fig. 10). The scattered values for the Ogooué Highstand Normal Regressive system tracks results from the limited number of measurements (n=2; Fig. 10 a2). This statistical analysis shows that Kd values are independent of the stratigraphic context that is to say independent of the accommodation / sedimentation ratio driving the stratigraphic sequences.