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This study describes previously unrecognized contourite depositional systems (CDSs) in the Mozambique Channel which constrain palaeoceanographic models for this area. The stratigraphic stacking patterns record nine seismic units (SU1 to SU9) separated by eight major discontinuities (a to h, oldest to youngest). Key seismic markers in CDS evolutionary history occur during Aptian-Albian (~122 Ma), late Cenomanian (94 Ma), early (38.2-36.2 Ma) and late (25-23 Ma) Oligocene, and early-middle Miocene (~17-15 Ma) epochs. These record onset (~122 to 94 Ma), growth (94 to 25-23 Ma), maintenance (25-23 to 17-15 Ma), and burial (17-15 Ma to the actual time) stages for CDSs. CDSs first develop during the onset stage which coincides with the opening and deepening of the African-Southern Ocean gateway (at 122 and 100 Ma, respectively). The growth stage, beginning in the late Cenomanian (94 Ma), correlates with the opening and deepening of the Equatorial Atlantic gateway. During the growth stage, two major shifts in sedimentary stacking pattern occur which coincide with Journal Pre-proof J o u r n a l P r e -p r o o f palaeoceanographic changes during the early (38.2-36.2 Ma) and late (25-23 Ma) Oligocene. These in turn coincide with the onset and local enhancement of Antarctic water masses. CDS growth continued until the early-middle Miocene during the maintenance stage (~17-15 Ma). Most CDS growth ceased at the end of the maintenance stage. Circulation of the North Atlantic water mass into the Southern Hemisphere led to a deepening of Antarctic water masses in the area.

Introduction

Deep marine sedimentary processes consist of pelagic particle settling through the water column, contour currents, and density currents (i.e., turbidity currents and mass-failures) [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF][START_REF] Rebesco | Advancements in Understanding Deep-Sea Clastic Sedimentation Processes: a preface[END_REF]. The first of these represents a background process that predominates only in abyssal areas. By contrast, density and contour currents affect many continental margins. Recent studies have demonstrated the importance of contour currents in shaping continental margins [START_REF] Mosher | The role of deep-water sedimentary processes in shaping a continental margin: The Northwest Atlantic[END_REF] and have emphasized their role in deep-water sedimentation. Unlike episodic density currents, contour currents are relatively permanent and continuously affect other deep-water sedimentary processes [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF]. The interaction of contour currents with a continental margin can generate depositional features (contourites or contourite drifts), erosional features (moats, abraded surfaces, contourite channels, scours, and furrows), and depositional-erosional features (contourite terraces) (e.g., [START_REF] Mccave | Deep current controlled sedimentation in the western North Atlantic[END_REF][START_REF] Rebesco | Seismic expression of contourites and related deposits: a preface[END_REF][START_REF] Viana | The economic importance of contourites[END_REF][START_REF] Hernández-Molina | Contourite depositional system on the Argentine slope: an exceptional record of the influence of Antarctic water masses[END_REF], 2017a, 2017b;[START_REF] García | Contourite erosive features caused by the Mediterranean Outflow Water in the Gulf of Cadiz: Quaternary tectonic and oceanographic implications[END_REF][START_REF] Cattaneo | Contourite identification along Italian margins: The case of the Portofino drift (Ligurian Sea)[END_REF]. Moreover, recent studies have noted the relatively common interaction between episodic density currents and the more permanent contour currents in generating mixed features (e.g., [START_REF] Creaser | A Late Cretaceous mixed (turbidite-contourite) system along the Uruguayan Margin: Sedimentary and palaeoceanographic implications[END_REF][START_REF] Sansom | Hybrid turbidite-contourite systems of the Tanzanian margin[END_REF][START_REF] Fonnesu | A new world-class deep-water playtype, deposited by the syndepositional interaction of turbidity flows and bottom currents: The giant Eocene Coral Field in northern Mozambique[END_REF].

J o u r n a l P r e -p r o o f margin at ~15°S to 25°S latitude. A continental basement high (i.e., Beira high) about 80 km off the coast of Mozambique [START_REF] Mahanjane | A geotectonic history of the northern Mozambique Basin including the Beira High e a contribution for the understanding of its development[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] (Fig. 1A) bisects the NMB. The DFZ currently consists of a 1,200 km-long, N 170° trending topographic high connecting the east African margin and the southwest Madagascar margin through the Mozambique Channel. This structure is punctuated by seamounts (e.g., the Sakalaves seamount). The centre of the NMB also hosts several seamounts (Bassas Da India, Jaguar Bank, Europa, Hall Bank, Mt. Boucart) (Fig. 1A).

The NMB sedimentary record consists of two main sequences: (1) pre-breakup Karoo formation (i.e., Upper Carboniferous to the Lower Jurassic continental sediments and volcanic rocks), and (2) postbreakup Karoo formation (i.e., Upper Jurassic to Cenozoic continental transitional and marine sediments) [START_REF] Nairn | Geology, basin analysis, and hydrocarbon potential of Mozambique and the Mozambique Channel[END_REF]. The post-breakup Karoo succession reaches its maximum thickness along the shelf and upper slope in front of the Zambezi delta (>12 km of sedimentary accumulation since the Early Cretaceous; [START_REF] J O U R N A L P R E -P R O O F Salman | Development of the Mozambique and Ruvuma sedimentary basins, offshore Mozambique[END_REF]. Sediments are mainly sourced by the Zambezi river, which has a very large present-day catchment area (1,320,000 km 2 ) and sediment load of 20.10 6 to 48.10 6 t/yr [START_REF] Milliman | Geomorphic/tectonic control of sediment discharge to the ocean: the importance of small mountainous rivers[END_REF]) (Fig. 1A). The catchment area evolved throughout three main deformation events that occurred since the Cretaceous: (1) uplift of the South African plateau in the Late Cretaceous [START_REF] Moore | A reappraisal of epeirogenic flexure axes in southern Africa[END_REF], (2) uplift of the South African plateau from the Oligocene to early Miocene [START_REF] Belton | Cretaceous reactivation and intensified erosion in the Archean-Proterozoic Limpopo Belt, demonstrated by apatite fission track thermochronology[END_REF][START_REF] Emmel | The low-temperature thermochronological record of sedimentary rocks from the central Rovuma Basin (N Mozambique) -Constraints on provenance and thermal history[END_REF], and (3) development and progressive southward migration of the East African Rift System (EARS) since the Oligocene [START_REF] Chorowicz | The east African rift system[END_REF][START_REF] Macgregor | History of the development of the East African Rift System: a series of interpreted maps through time[END_REF].

The EARS began to develop and propagate southwards beginning in the late Cenozoic (at ~30 Ma). It bifurcated into an eastern and western branch over the next 20 Myr until it finally propagated offshore along the NMB. Extensional deformation of the DFZ since the late Miocene records offshore evolution of the eastern branch while recent seismic activity around the NMB indicates that the western branch may be initiating offshore propagation [START_REF] Mougenot | Seaward extension of the East African Rift[END_REF][START_REF] Franke | The offshore East African Rift System: Structural framework at the toe of a juvenile rift[END_REF] (Fig. 1A). Courgeon et al. Journal Pre-proof J o u r n a l P r e -p r o o f (2016) suggested that several seamounts (e.g., Hall Bank) drowned during the late Miocene-early Pliocene due to the influence of tectonic and volcanism correlating with the EARS.

The modern oceanographic setting

The southwest Indian Ocean is an area of active surface, intermediate, and deep-water circulation (Fig. 1B andA.1 in the supplementary material). The sedimentary processes in the southwest Indian Ocean are presently influenced by several water masses (e.g., Thiéblemont et al., 2019) whose understanding is an essential prerequisite to infer evolutionary scenarios of past ocean circulation. The main water masses contributing to the upper layers (<200 m water depth; wd) in the Mozambique Channel are the Tropical Surface Water (TSW) and the Subtropical Surface Water (STSW) [START_REF] Wyrtki | Physical oceanography in the Indian Ocean[END_REF][START_REF] Toole | A hydrographic section across the subtropical South Indian Ocean[END_REF]. The predominant water mass in the permanent thermocline of the Mozambique Channel (200-600 m wd) is the South Indian Central Water (SICW) [START_REF] You | Seasonal variations of thermocline circulation and ventilation in the Indian Ocean[END_REF]. The TSW, STSW, and SICW enter the Mozambique Channel from the northern tip of Madagascar and feed into the Mozambique Current. Part of the STSW and the SICW enters the Mozambique Channel around the southern tip of Madagascar [START_REF] Siedler | Modes of the southern extension of the East Madagascar Current[END_REF] with the Southeast Madagascar Current. This component enters partly in the form of eddies [START_REF] De Ruijter | Bathymetry and stratigraphy of the northern Natal Valley (SW Indian Ocean): a preliminary account[END_REF] and converges with the Mozambique Current (Fig. 1B). The Mozambique Current is characterized by large, southward-moving, mesoscale anticyclonic eddies with diameters >300 km [START_REF] Schouten | Upstream control of Agulhas ring shedding[END_REF]. These eddies can impose short-term circulation modulation over the entire depth and width of the channel (i.e., >2,500 m wd near 17°S latitude) [START_REF] De Ruijter | Observations of the flow in the Mozambique Channel[END_REF][START_REF] Halo | Eddy properties in the Mozambique Channel: A comparison between observations and two numerical ocean circulation models[END_REF]. The frequency of these events ranges from four to seven eddie passages per year [START_REF] Schouten | Eddies and variability in the Mozambique Channel[END_REF].

Intermediate waters in the Mozambique Channel are influenced by different water masses. The salty Red Sea Water (RSW) enters from the north at around 900-1,200 m wd [START_REF] Donohue | Comparison of three velocity sections of the Agulhas Current and Agulhas Undercurrent[END_REF]Beal et al., 2000;[START_REF] Swart | Observed characteristics of Mozambique Channel eddies[END_REF] while the fresh Antarctic Intermediate Water (AAIW) enters from the south Journal Pre-proof J o u r n a l P r e -p r o o f at around 800-1,500 m wd [START_REF] Fine | Circulation of Antarctic Intermediate Water in the South Indian Ocean[END_REF] (Fig. 1B). The Mozambique Undercurrent flows northward along the Mozambican slope carrying AAIW [START_REF] Fine | Circulation of Antarctic Intermediate Water in the South Indian Ocean[END_REF][START_REF] De Ruijter | Observations of the flow in the Mozambique Channel[END_REF], while mesoscale anticyclonic eddies transport RSW southward [START_REF] Swart | Observed characteristics of Mozambique Channel eddies[END_REF].

The deep-water masses of the Mozambique Channel consist of the North Atlantic Deep Water (NADW) at ~2,200-3,500 m wd and the Antarctic Bottom Water (AABW) flowing locally beneath it (below ~4,000 m wd). [START_REF] Toole | A hydrographic section across the subtropical South Indian Ocean[END_REF] showed that the DFZ in the Mozambique Channel effectively blocks the NADW from spreading north of ~15°S latitude [START_REF] Mantyla | On the origins of deep and bottom waters in the Indian Ocean[END_REF][START_REF] You | Dianeutral, mixing transformation and transport of the deep water of the Indian Ocean[END_REF]. However, the influence of the NADW is seen up to about 2,000 m wd. The upper portion of the NADW thus passes over the sill at ~2,500 m depth while the remaining NADW flows along the eastern boundary of the NMB with a southerly returning current [START_REF] Van Aken | North Atlantic deep water in the south-western Indian Ocean[END_REF][START_REF] Ullgren | The hydrography of the Mozambique Channel from six years of continuous temperature, salinity, and velocity observations[END_REF] (Fig. 1B). The deepest part of the water column is occupied by the AABW. This water mass flows northward as a western boundary current along the SMB [START_REF] Tucholke | Cenozoic regional erosion of the abyssal sea floor off South Africa[END_REF][START_REF] Read | Deep inflow into the Mozambique Basin[END_REF].

Due to the shallowing of the basin to the north (>4,000 m wd), the AABW is deflected to form a southerly flowing boundary current along the east flank of the SMB [START_REF] Klaus | Deep-sea sedimentary processes in the Argentine Basin revealed by high-resolution seismic records (3.5 kHz echograms)[END_REF] (Fig. 1B).

Data and methods

Seismic reflection data

We analyzed two-dimensional (2D) multichannel seismic (MCS) reflection profiles collected by WesternGeco (Fig. 2). The seismic dataset was obtained during 2013/2014 geophysical cruises aboard the Pacific Falcon and M/V WG Western Patriot (Table 1). The primary dataset is a 36,179 km regional grid of linear 2D MCS reflection profiles, spaced at approximately 10 to 70 km intervals. The profiles were processed by 2D anisotropic Kirchhoff prestack time migration. Seismic data interpretation was performed using Sismage™ software. Discontinuities are expressed as reflections, with sequential "a" to "h" labels from older to younger. Nine seismic units (SU) were identified in this study, labeled "SU1" to Journal Pre-proof J o u r n a l P r e -p r o o f "SU9" from bottom to top. Discontinuities were mapped and gridded to produce continuous surfaces with a grid cell size of 40,000 m. Major physiographic domains (shelf, continental slope; hereafter "slope" for simplicity, continental rise; or simply "rise", and abyssal plain) were attributed to discontinuities a to h based on criteria defined by [START_REF] Iho | Standardization of Undersea Feature Names: Guidelines, Proposal Form, Terminology[END_REF]. Isochore maps were generated for all seismic units (i.e., SU1 to SU9). The thickness of units is reported in seconds or milliseconds twoway travel time (s or ms TWTT).

Geological age constraints

Discontinuities in 2D MCS reflection profiles were identified based on correlation with a previous study by [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF]. Chronostratigraphic interpretation referred to records from exploration wells X', X2, and X3 [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF] as well as abyssal plain scientific wells (DSDP Leg 25 Sites 248 and 249; Simpson et al., 1974aSimpson et al., , 1974b;;and DSDP Leg 26 Site 250;[START_REF] Davies | Initial Reports of the Deep Sea Drilling Project[END_REF] and information available from previous studies [START_REF] Nairn | Geology, basin analysis, and hydrocarbon potential of Mozambique and the Mozambique Channel[END_REF][START_REF] J O U R N A L P R E -P R O O F Salman | Development of the Mozambique and Ruvuma sedimentary basins, offshore Mozambique[END_REF][START_REF] Mahanjane | A geotectonic history of the northern Mozambique Basin including the Beira High e a contribution for the understanding of its development[END_REF][START_REF] Castelino | Mesozoic and Early Cenozoic sediment influx and geomorphology of the Mozambique Basin[END_REF]. Figures 3 andA.2 in the supplementary material show a regional stratigraphic framework for the margin. These summarize results of shelf-to-abyssal plain regional stratigraphic correlation and list age constraints for seismic units and discontinuities.

The acoustic basement corresponds to the base of the post-breakup Karoo formation (i.e., >155 Ma; [START_REF] Nairn | Geology, basin analysis, and hydrocarbon potential of Mozambique and the Mozambique Channel[END_REF][START_REF] J O U R N A L P R E -P R O O F Salman | Development of the Mozambique and Ruvuma sedimentary basins, offshore Mozambique[END_REF]. Above the Beira high, it correlates to the break-up unconformity described in [START_REF] Mahanjane | A geotectonic history of the northern Mozambique Basin including the Beira High e a contribution for the understanding of its development[END_REF]. Further offshore, this surface merges with what is interpreted to be the top of the oceanic basement based on marine magnetic anomalies [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] Leinweber | The Jurassic history of the Africa-Antarctica Corridor -new constraints from magnetic data on the conjugate continental margins[END_REF][START_REF] Leinweber | The crustal structure of the Central Mozambique continental margin d Wide-angle seismic, gravity and magnetic study in the Mozambique Channel, Eastern Africa[END_REF][START_REF] Mueller | Geophysical evidence for the crustal variation and distribution of magmatism along the central coast of Mozambique[END_REF] . SU5 formed during the Oligocene interval .

SU6 is dated from the early to middle Miocene (25-23 to 11.6 Ma). SU7 is dated late Miocene (11.6 Ma to 5.6 Ma) in age, SU8 is Pliocene (5.6 Ma to 2.8 Ma), and SU9 spans the base Pleistocene (2.8 Ma) to present day [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF] (Fig. 3).

Seismic facies units

Delineation of individual seismic facies units was based on continuity, amplitude, and configuration of seismic features as described in [START_REF] J O U R N A L P R E -P R O O F Salman | Development of the Mozambique and Ruvuma sedimentary basins, offshore Mozambique[END_REF] and [START_REF] Sangree | Interpretation of depositional facies from seismic data[END_REF]. Various seismic facies units were designated (Fig. 4) in terms of a depositional element. For density current features, we used the nomenclature developed in [START_REF] Mutti | An integrated approach to the study of turbidite systems[END_REF]. Their work differentiated turbidity currents as 1) channels and overbank, including levees and 2) sedimentary lobes. Mass-failures are hereafter termed mass transport deposits (MTDs) as defined by [START_REF] Shipp | Mass-Transport Deposits in Deepwater Settings: An Introduction[END_REF]. Based on depositional elements, gross-depositional environment maps were generated for each seismic unit (SU1 to SU9).

Recognition of contourite depositional systems

The term contourites is used for "sediments deposited or substantially reworked by the persistent action of bottom currents" [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF]. Thick and extensive accumulations of sediments by bottom currents are defined as contourite drifts or drifts. Their identification is based on the following criteria defined by [START_REF] Rebesco | Contourites[END_REF] and [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF]: 1) external geometry, 2) bounding reflections, and 3) internal seismic facies (Fig. 5). Absent consensus on distinguishing large drifts from small ones, this study defined large drifts as those covering a plan view area of >1,000 km 2 (for a single drift) as defined in [START_REF] Campbell | Geophysical evidence for widespread Cenozoic bottom current activity from the continental margin of Nova Scotia[END_REF] along the Nova Scotia margin. We adopted the classification schemes for various types of drift morphology from McCave andTucholke (1986), Faugères et al. (1999), [START_REF] Rebesco | Seismic expression of contourites and related deposits: a preface[END_REF], [START_REF] Rebesco | Contourites[END_REF], and [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF].

Journal Pre-proof J o u r n a l P r e -p r o o f Small contourite drifts formed from the interaction between contour currents and density currents (i.e., turbidity currents) are referred to as mixed drifts in [START_REF] Fonnesu | A new world-class deep-water playtype, deposited by the syndepositional interaction of turbidity flows and bottom currents: The giant Eocene Coral Field in northern Mozambique[END_REF]. [START_REF] Creaser | A Late Cretaceous mixed (turbidite-contourite) system along the Uruguayan Margin: Sedimentary and palaeoceanographic implications[END_REF] identified these features according to 1) asymmetry, 2) orientation, 3) dimensions, and 4) internal seismic facies (Fig. 5). In this study, a single mixed drift rarely exceeds 20 km in width and the entire observable down-dip length of the system is generally less than 40 km, suggesting that they are under 1,000 km 2 in plan view. However, this classification is not necessarily applicable in other areas (e.g., mixed drifts in [START_REF] Creaser | A Late Cretaceous mixed (turbidite-contourite) system along the Uruguayan Margin: Sedimentary and palaeoceanographic implications[END_REF] that are up to 40 km wide and over 50 km in down-dip direction).

Contour current erosional features are classified according to criteria given in Hernández-Molina et al. (2008) and [START_REF] García | Contourite erosive features caused by the Mediterranean Outflow Water in the Gulf of Cadiz: Quaternary tectonic and oceanographic implications[END_REF]. These include: a) erosional surfaces, b) moats and contourite channels, and c) scours and furrows. Moats differ from contourite channels in terms of their genetic relationship with drifts. Criteria for recognition of erosional features include: 1) reflection truncation relationships, 2) association with sediment drifts (i.e., forming bounding surfaces in drift systems), and 3) inability to explain erosion by other processes, for example in deep basinal areas, far from the continental margin (Fig. 5).

Results

Seismic units and discontinuities were mapped to produce surface maps of the discontinuities a to h and isochore maps of seismic units 1 to 9 along the northern Mozambique basin (Figs. 11 and12). Figures 3 andA.2 (supplementary material) show seismic stratigraphic horizons mapped in this study. Initial mapping efforts confirmed the existence of contourite depositional systems (CDSs) first identified by [START_REF] Castelino | Mesozoic and Early Cenozoic sediment influx and geomorphology of the Mozambique Basin[END_REF]. Table 2 summarizes details concerning seismic facies of SU1 to SU9 and figure 5 highlights the internal seismic facies of depositional, mixed and erosional features described below.

Large contourite drifts

Journal Pre-proof J o u r n a l P r e -p r o o f Five large contourite drifts recognized in the study area were informally named based on their proximity to present-day oceanographic features. The oldest, large contourite drift, named the Beira drift, is located along a rise in the Middle Zambezi region, which occupies the northwestern edge of the Beira high (Fig. 11). The drift has a subtle mounded shape apparent in dip oriented seismic profiles (Fig. 7) and is slightly elongated in along a SSW-NNE direction (Fig. 9). The Beira drift reaches a maximum thickness of 1.8 s TWTT (Fig. 12). Stratigraphically, the drift developed within SU2, above regional seismic discontinuity a and below regional seismic discontinuity b (Figs. 7 and9). The overall internal seismic facies of the drift consists of NNE prograding, high-continuity reflections with low acoustic response (Fig. 5).

Two others large contourite drifts, the Angoche and Zambezi drifts, occur along the slope of the Angoche region, and on the slope and rise in the Lower and Middle Zambezi regions, respectively (Fig. 11). The Angoche drift exhibits a plastered appearance and reaches a thickness of up to 2 s TWTT (Fig. 12). It thins landward and basinward according to dip-oriented seismic profiles (Fig. 6) but also laterally as documented in strike-oriented seismic profiles (Fig. 9). The drift is partially bisected by large downslope NNW-SSE oriented channels (Fig. 9). It occurs stratigraphically above the regional seismic discontinuity c and below the regional seismic discontinuity g (Figs. 6 and9). The internal seismic facies of the Angoche drift consists mainly of aggrading parallel reflections with low acoustic response, which appear continuous during deposition of SU4 and SU5 and disrupted during deposition of SU6 and SU7 (Fig. 5).

The Zambezi drift has a mounded external geometry. It exhibits an elongated and separated appearance along the Lower Zambezi region and an elongated and detached appearance along the Middle Zambezi region (Fig. 11). In the Lower Zambezi region, the drift formed along a SW-NE trend, parallel to the distal limit of the slope (Fig. 8). In the Middle Zambezi region, the drift becomes detached along the rise with a pronounced arcuate geometry and an apparent steepened NE side relative to its Journal Pre-proof J o u r n a l P r e -p r o o f SW side. In this region, the drift attains a maximum thickness of ~2 s TWTT (Figs. 7, 10A, 11 and 12). The drift occurs stratigraphically above the regional seismic discontinuity c and below the regional seismic discontinuity f (Figs. 7, 8 and 10A). The internal seismic facies of the Zambezi drift consists mainly of aggrading, parallel high-continuity reflections with low acoustic response (Fig. 5). SU5 however contains reflections indicating drift crest migration to the SW (Fig. 10A).

The last two large contourite drifts, termed Limpopo drifts, are located on the abyssal pain, in the southerly part of the northern Mozambique basin. The drifts cover an area <1,000 km 2 but may be larger as they extend beyond the extent of study area (Figs. 2 and10B). The northern Limpopo drift exhibits a mounded external geometry and reaches a maximum sedimentary thickness of ~1 s TWTT. It displays an elongated and detached appearance with a crest oriented WNW-ESE. The drift has a steep south side and a gently dipping, smooth north side (Fig. 10B). It occurs stratigraphically above regional seismic discontinuity b and below regional seismic discontinuity d. The drift exhibits mainly parallel, highcontinuity reflections with low acoustic response (Fig. 5). Reflections within the drift show a predominantly aggradational stacking pattern, although northward drift crest migration is visible (Fig.

10B).

The second Limpopo drift is located further south. It occurs in the vicinity of a buried seamount. The drift is elongated in a SW-NE direction parallel to the trend of adjacent moats (sensu Rebseco et al., 2014) that flank the buried seamount. It reaches a maximum thickness of 1 s TWTT, which decreases in the vicinity of the moats (Fig. 10B). Stratigraphically, the drift develops above regional seismic discontinuity a, overlying a continuous, high to very high acoustic response reflector accompanied by occasional volcanic features (e.g., [START_REF] Polteau | Saucer-shaped intrusions: Occurences, emplacement and implications[END_REF]. It develops below regional seismic discontinuity d. The drift exhibits mainly parallel, high-continuity reflections with low acoustic response (Fig. 5).

Small contourite drifts (mixed drifts)

Journal Pre-proof
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Mixed drifts are generally mounded in shape, and their elongation is almost perpendicular to the margin. They are defined by an irregular, erosional base, above which a channel develops. This channel is laterally accompanied by a unilateral levee and/or asymmetric levees (called "drift-levee" or "drift" in this case) that can reach more than 800 ms TWTT. The internal seismic facies of mixed drifts mostly consists of chaotic reflections with high acoustic response (the channel) laterally accompanied by downlapping, parallel, high-continuity to disrupted reflections with low acoustic response (the drift) (Fig. 5). Locally, these channels are filled by MTDs.

A mixed drift occurs along the slope and rise of the Middle Zambezi region. This drift runs parallel to a channel which propagates away from the slope in a predominantly NW-SE direction (Figs. 9 and13A).

Along the proximal part of the slope, the drift aggrades to the NE of the channel (Fig. 13A). Distally (i.e., lower slope to rise), the drift aggrades on both sides of the channel and becomes more symmetrical (Fig. 9). The mixed drift occurs stratigraphically above regional seismic discontinuity b and below regional seismic discontinuity c (Fig. 9).

More recent mixed drifts occur along the slope of the Middle Zambezi and Angoche regions. These run parallel to NW-SE oriented downslope channels (Figs. 9 and 13B) and aggrade to the NNE and NE of channels (Figs. 9 and 13B, respectively). Stratigraphically, they occur above the regional seismic discontinuity e and below regional seismic discontinuities g and f (Figs. 9 and 13B, respectively).

Sediment waves

Multiple wavy reflections with low-to-moderate acoustic response appear along the margin and are interpreted as sediment waves (e.g., [START_REF] Wynn | Classification and characterisation of deep-water sediment waves[END_REF] (Fig. 5). In some areas, sediment waves waves form much of SU5 between regional seismic discontinuities d and e. They occur along the drift's southwestern side in strike-oriented seismic profiles (Fig. 10A) and along its southeastern side on diporiented seismic profiles (Figs. 7 and8). A large field of sediment waves appears along the rise of the Lower Zambezi region. These comprise of the succession between regional seismic discontinuities c and d which is here interpreted as SU4 (Figs. 8 and10A). Wave crests strike north to south and apparent wave migration direction is to the west (Fig. A.3 in the supplementary material). A second large field of sediment waves occurs along the slope of the Angoche region during deposition of SU3 and above regional seismic discontinuity b (Figs. 6 and9). Wave crests appear oriented along slope and exhibit apparent upslope wave migration. Horizontal data coverage for 2D multichannel seismic reflection profiles however was not adequate to map the detailed surface morphology and orientation of these features.

Erosional features

Erosional surfaces appear as high-continuity reflections with low to high acoustic response (Fig. 5).

On the abyssal plain of the northern Mozambique basin, 2D multichannel seismic reflection profiles show erosion with the development of an erosional surface at regional seismic discontinuity b (i.e., top of SU2). The resultant erosional surface actively truncates underlying reflections to produce toplap terminations. In the rest of the study area, obstacles (e.g., in the vicinity of the buried seamount in Fig. 10B) appear to enhance erosion at discontinuity b. Along the abyssal plain, a prominent erosional surface (and hiatus) does not include SU5's deposits between regional seismic discontinuities d and e (Figs. 3 and10B).

Moats and contourite channels are defined by an irregular concave base and originate by nondeposition and/or localized erosion. They are typically up to 5 km wide and can reach local depths of up to 500 ms TWTT. Contourite channels and moats appear as high-continuity reflections with low to Journal Pre-proof J o u r n a l P r e -p r o o f high acoustic response (Fig. 5). Along the abyssal plain, moats develop above regional seismic discontinuity a and below regional seismic discontinuity d, adjacent to the Limpopo drift and associated with a buried seamount (Fig. 10B). Moats are generally filled by high continuity, parallel to sub-parallel reflections with low to moderate acoustic response (Figs. 5 and10B). Several channels have been identified at regional seismic discontinuity d forming during SU5 along the slope of the Lower Zambezi region. These channels are filled by fairly homogenous, high continuity, parallel to sub-parallel reflections with low to moderate acoustic response (Figs. 5 and8). Although these channels may have been formed by density currents processes (i.e., turbidity currents), their apparent, along-slope trend suggests that they may record contour currents (therefore forming contourite channels). Additional 3D seismic datasets would be necessary to verify interpretations of these channels.

The most recent seismic units along the abyssal plain, SU6 through SU9, consist of successive large erosive depressions (>10 km in width) interpreted as scours (Fig. 10B). Their stratigraphic position immediately below similar, present-day seafloor features defined by [START_REF] Breitzke | Seafloor morphology in the Mozambique Channel: evidence for long-term persistent bottom-current flow and deep-reaching eddy activity[END_REF] supports this interpretation. Generally, scours appear as U-shaped continuous reflections with low to high acoustic response. They are filled by high continuity, parallel to sub-parallel reflections with low to moderate acoustic response, and locally by MTDs, which probably represent their collapsed flanks (Figs. 5 and10B). during the Cenozoic (Fig. 12). Different phases of deposition at different periods have been recognized along the basin. Figure 14 presents series of depositional environment maps that summarize the main downslope and along-slope events that occurred during deposition of stratigraphic seismic units (SU) 1 to 9.

Discussion

Depositional patterns

Seismic unit 1

SU1 deposits formed before the Neocomian (<129.4 Ma) and consist of heterogeneous density current deposits interspersed with hemipelagic sediments. Deep burial depths however make their exact identification difficult (Figs. 6, 7, 8, 9 and 14). SU1 mostly develops around the northwest bathymetric relief of the Beira high in the Lower Zambezi rise and along the slope and rise of the Middle Zambezi and Angoche regions (Fig. 12). [START_REF] Senkans | Polyphase rifting and break-up of the central Mozambique margin[END_REF] proposed that the basal part of SU1 in the Angoche region included an evaporitic or undercompacted shale layer (Figs. 6 and9). This supports the interpretation of SU1 as a marine depositional environment. The salt layer may indicate a restricted marine environment. Absence of CDSs in the basin and an African-Southern Ocean gateway closed to oceanic circulation to the south [START_REF] Castelino | Anomalous bathymetry and paleobathymetry models of the Mozambique Basin and Riiser Larsen Sea[END_REF]Fig. 16) support this interpretation. Additional information could further resolve interpretations of SU1 depositional environments. In the abyssal plain, SU1 sediments occur primarily as hemipelagites overlying acoustic basement (Fig. 10B).

Seismic unit 2

Deposits between SU2's upper Neocomian (129.4 Ma) and the Cenomanian-Turonian boundary ( 94Ma) mostly occur along the slope and rise of the Lower Zambezi region where they infill the depression formed around the northwest part of the Beira high (Fig. 12). These deposits are generally composed of sedimentary lobes interbedded with hemipelagic sediments with local MTDs (Figs. 8 and14). The slope and rise of the Middle Zambezi region host, in lower parts of the unit, hemipelagites underlying the Beira drift. Sedimentary lobes cover these layers as does a MTD, which truncates its western flank (Figs.

Journal Pre-proof J o u r n a l P r e -p r o o f 7, 9 and 14). In the Angoche region, sediments appear concentrated along the rise (Fig. 12). The lower part of the unit consists mostly of sedimentary lobes. The upper part of the unit hosts a MTD along the slope while hemipelagites dominate the rise (Figs. 6 and14).

In the abyssal plain, SU2 includes initial CDSs developing as part of the Limpopo drift against the northern flank of a buried seamount. This unit occurs stratigraphically above a volcanic layer that could represent the Aptian-Albian volcanoclastic sediments drilled at DSDP Site 249 (Simpson et al., 1974b;[START_REF] Vallier | Volcanogenic Sediments and Their Relation to Landmass Volcanism and Sea Floor-Continent Movements, Western Indian Ocean, Leg 25, Deep Sea Drilling Project[END_REF]. A widespread erosive discontinuity occurs at the top of SU2 along the abyssal plain. This feature likely formed due to enhanced bottom currents (e.g., [START_REF] Faugères | Seismic features diagnostic of contourite drifts[END_REF] (Fig. 10B). As noted by other authors (e.g., [START_REF] Ludwig | Seismic-refraction measurements on the Southeast African continental margin[END_REF][START_REF] Flores | The Cretaceous and Tertiary sedimentary basins of Mozambique and Zululand[END_REF], Dingle et al., 1978[START_REF] Martin | Sedimentary basin in-fill in the northernmost Natal Valley, hiatus development and Agulhas Current palaeo-oceanography[END_REF][START_REF] Dingle | Slumps, canyons and related features on the continental margin off East London, SE Africa (SW Indian Ocean)[END_REF], this feature correlates with the hiatus (~25 Ma) expressed at the Mozambique ridge and Agulhas Plateau (e.g., Simpson et al., 1974b[START_REF] Tucholke | Sediment distribution and Cenozoic sedimentation patterns on the Agulhas plateau[END_REF][START_REF] Tucholke | Cenozoic regional erosion of the abyssal sea floor off South Africa[END_REF][START_REF] Uenzelmann-Neben | Contourites on the Agulhas plateau, SW Indian Ocean: indications for the evolution of currents since Palaeogene times[END_REF].

Seismic unit 3

SU3 encompasses the Turonian to Senonian (94 to 67.3-63.2 Ma) and records minor evidence of shelf progradation. It occurs only at smaller scales and is confined to the northwest part of the Beira high in the Lower Zambezi region (Fig. 8). The slope of the Lower Zambezi region includes sediment infill of the depression between the shelf and the submarine positive relief of the Beira high (Fig. 12). These deposits generally consist of sedimentary lobes interbedded with hemipelagic sediments (Figs. 8 and14). The thick accumulation of sediments in the Zambezi region (Fig. 12) and its prograding shelf mark an increased sediment flux from the Zambezi river associated with rapid denudation of the uplifted South-African plateau during the Late Cretaceous [START_REF] Walford | Solid sediment load history of the Zambezi Delta[END_REF][START_REF] Ponte | La marge africaine du canal du Mozambique (le système turbiditique du Zambèze): une approche "Source to Sink" au Méso-Cénozoïque[END_REF]. In the Angoche region, deposits include a field of sediment waves that develops along the slope coevally with sedimentary lobes developing along the rise (Figs. 6, 9 and 14). The size of these sediment waves (e.g., Journal Pre-proof J o u r n a l P r e -p r o o f [START_REF] Wynn | Classification and characterisation of deep-water sediment waves[END_REF] could suggest that contour currents contribute to their formation, but further analysis is necessary to fully constrain their origin. Along the slope and rise of the Middle Zambezi region, SU3 exhibits sedimentary lobes in its lower part while its upper part consists of a mixed drift. This suggests the combined influence of downslope and along-slope processes during SU3 deposition (Figs. 7, 9 and 13A). Interestingly, mixed drifts form in other areas of the southern hemisphere during the Late Cretaceous period (e.g., Uruguayan margin: Creaser et al., 2017; Argentine margin; [START_REF] Rodrigues | Late Cretaceous hybrid (turbidite-contourite) system on the Argentine Margin: palaeoceanographic and conceptual implications[END_REF]. This could indicate the influence of well-developed bottom currents whose onset can be constrained as Late Cretaceous in age. Across the abyssal plain, the growth of the Limpopo drifts may support this hypothesis (Fig. 10B).

Seismic unit 4

Continental margin progradation diminishes during the Paleocene-Eocene interval represented by SU4 (67.3-63.2 to 38.2-36.2 Ma). In the Lower Zambezi and Middle Zambezi regions of the slope, the lower part of SU4 includes minor evidence of downslope processes (i.e., sedimentary lobes and channels) (Figs. 8 and14). These give way to draping hemipelagites in the upper part of SU4, which are coeval to mound buildup with the development of carbonate platforms at the end of the Paleocene [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF]. These deposits record major warming of the oceans and sea level rise at the end of the Paleocene [START_REF] Haq | Chronology of fluctuating sea levels since the Triassic[END_REF][START_REF] Zachos | Cretaceous to Cenozoic evolution off the Mozambique Channel, SW Indian Ocean  Onset of contourite depositional systems as early as Aptian-Albian time  Major shifts in sedimentary evolution at late Cenomanian, late Oligocene & 17-15 Ma  Present morphosedimentary features were established around the early Pleistocene  Tectonic, climate, glacial & palaeoceanographic events influenced margin deposition[END_REF]. Along the distal slope and rise of the Lower and Middle Zambezi regions, SU4 hosts the Zambezi drift and a large field of sediment waves (Figs. 8,10A, 14 and A.3 in the supplementary material). These sediment waves appear similar to those described along the abyssal plain of the Argentine basin, where they are interpreted to record weak and linear stratified bottom currents (e.g., [START_REF] Flood | Mud waves in the argentine basin and their relationship to regional bottom circulation patterns[END_REF][START_REF] Klaus | Deep-sea sedimentary processes in the Argentine Basin revealed by high-resolution seismic records (3.5 kHz echograms)[END_REF][START_REF] Blumsack | A model for the growth of mudwaves in the presence of time-varying currents[END_REF][START_REF] Blumsack | A model for the growth of mudwaves in the presence of time-varying currents[END_REF]. The slope of the Angoche region is characterized by the growth of the Angoche drift which is incised by a downslope channel (Figs. 6, 9 and 14). Across the abyssal plain, SU4 records the growth of Limpopo drifts that develop similarly to those appearing in SU3 (Fig. 10B). Ma) (Fig. 8). This unit marks the development of the modern Zambezi delta, a period of high sediment flux from the Zambezi river during uplift of the South-African plateau [START_REF] Walford | Solid sediment load history of the Zambezi Delta[END_REF][START_REF] Ponte | La marge africaine du canal du Mozambique (le système turbiditique du Zambèze): une approche "Source to Sink" au Méso-Cénozoïque[END_REF][START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF]. The slope of the Lower and Middle Zambezi regions includes a late Eocene to Oligocene transition (reflector d) that hosts the development of large channels (Fig. 8). Although 2D multichannel seismic reflection profiles do not resolve whether or not these channels represent contourites, the early Oligocene marks the onset of significant deep-water circulation in the basin [START_REF] Tucholke | Cenozoic regional erosion of the abyssal sea floor off South Africa[END_REF]. Furthermore, homogenous and stratified seismic facies infilling SU5 channels could arise from winnowing and redistribution of sediments by bottom currents (e.g., [START_REF] Campbell | Geophysical evidence for widespread Cenozoic bottom current activity from the continental margin of Nova Scotia[END_REF]. The relative importance of this process remains uncertain however. Later in the Oligocene, downslope processes built lobes into SU5 around the Lower and Middle Zambezi regions (Figs. 7, 8, 9 and 14). The Zambezi drift hosts sediment waves developed along the distal limit of the slope and rise in the Zambezi region, where it determines the overall SU5 depositional pattern (Figs.
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7, 8, 10A, 12 and 14). In the Angoche region, large channels and the Angoche drift develop along the slope (Figs. 6, 9 and 14). This pattern indicates a marked increase in sediment supply to the margin compared to that recorded by SU4 [START_REF] Ponte | La marge africaine du canal du Mozambique (le système turbiditique du Zambèze): une approche "Source to Sink" au Méso-Cénozoïque[END_REF]. Along the southernmost part of the rise, SU5 exhibits sedimentary lobes potentially originating from the southernmost channels of the Lower Zambezi region or from channels further south of the study area (Figs. 10A and14). In the abyssal plain, SU5 is preempted by a strong erosional surface which coincides with a hiatus detected at DSDP Leg 25 Sites 248 and 249 (Simpson et al., 1974a, b) and DSDP Leg 26 Site 250 [START_REF] Davies | Initial Reports of the Deep Sea Drilling Project[END_REF] (Fig. 10B).

Seismic unit 6
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During deposition of the early to middle Miocene SU6 (25-23 to 11.6 Ma), clinoforms continue to prograde along the shelf of the Lower and Middle Zambezi regions [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF] (Figs. 7 and8).

Along the slope in the Lower Zambezi region, bathymetric relief of the Beira high deflects most channels to the north (Fig. 14). Sedimentary lobes ponded along the slope and rise of the Middle Zambezi and Angoche regions interfinger around the latter region with the evolving Angoche drift and associated incision channels (Figs. 6, 7 and 9). Some of these channels represent mixed drifts (Fig. 9 and Fig. 13B) indicating continued influence of bottom currents. The bathymetric relief of the Zambezi drift confines sedimentary lobes to the south (i.e., Lower Zambezi rise) by acting as a "natural dam" (Figs. 7, 10A and 14). Most sediments along the rise of the Lower Zambezi region categorize as hemipelagites but the lower part of SU6 forms part of the overall Zambezi drift (Fig. 10A). In the southernmost part of the rise and abyssal plain, reflection data show sedimentary lobes in SU6 bound to the south by bathymetric relief of the northern Limpopo drift (Fig. 10B). These relations indicate that gravity flow processes operate in this part of the margin during SU6 development and may associate with channels along the slope, south of the Beira high and the area covered in Figure 14. Sedimentary lobes develop during a period of coarse-grained (1-3 mm on average) sand deposition at Site 248 interpreted as a strong and rapid terrigenous influx along the African margin beginning in the middle Miocene (Simpson et al., 1974a). South of the northern Limpopo drift, SU6 to SU9 sediments are undifferentiated and host many erosional features (e.g., scours) which indicate vigorous bottom currents (Fig. 10B).

Seismic unit 7, 8, and 9

Although a distinct period of drift development occurs in the late Miocene SU7 (11.6 Ma to 5.6 Ma), it marks the transition from primarily along-slope processes back to downslope gravity flow processes, as well as during the latter Pliocene SU8 (5.6 Ma to 2.8 Ma) and SU9 (Pleistocene or 2.9 Ma to present) (Fig. 14). This transition mostly reflects an increase in sediment supply to the margin from the late Miocene to the Pleistocene [START_REF] Walford | Solid sediment load history of the Zambezi Delta[END_REF] and 14). In the Middle Zambezi region, these channels converge downslope to join the modern Zambezi Valley (Fig. 14). Data from DSDP Site 250 document a major influx of detrital material at the beginning of the Pliocene [START_REF] Davies | Initial Reports of the Deep Sea Drilling Project[END_REF] which forms a large sedimentary lobe [START_REF] Droz | Mozambique upper fan: origin of depositional units[END_REF][START_REF] Fierens | Late Quaternary geomorphology and sedimentary processes in the Zambezi turbidite system (Mozambique Channel)[END_REF]. This feature and its position confirm transfer of sediments towards the abyssal plain through this pathway.

Insights into Mesozoic and Cenozoic circulation in the Mozambique Channel

The development and burial of contourite depositional systems recorded by these stratigraphic units accompanied significant changes in ocean circulation and coincided with major tectonic events such as the opening and closing of oceanic gateways [START_REF] Rebesco | Contourites and associated sediments controlled by deepwater circulation processes: state-of-the-art and future considerations[END_REF]. The palaeobathymetric model of [START_REF] Castelino | Anomalous bathymetry and paleobathymetry models of the Mozambique Basin and Riiser Larsen Sea[END_REF] provides a useful framework for understanding ocean circulation on geological time scales. This framework consists of intermediate waters (<4,000 m wd) and deep waters (>4,000 m wd) which correspond to the slope and rise area and to the abyssal plain, respectively. The study area experienced four main (informal) stages of ocean circulation: onset, growth (sub-divided into sub-stages 1 -3), maintenance, and burial. 

The onset stage

The growth stage

The growth stage divides into three sub-stages. Sub-stage 1 occurs during deposition of SU3 (Late Cretaceous), sub-stage 2 during SU4 (Paleocene-Eocene), and sub-stage 3 during SU5 (Oligocene).

At intermediate water depths, the sub-stage 1 records burial of the Beira drift, where density current features associated with uplift of the South African plateau probably mask effects of bottom currents on sediment [START_REF] Ponte | The Zambezi delta (Mozambique channel, East Africa): High resolution dating combining bio-orbital and seismic stratigraphy to determine climate (palaeoprecipitation) and tectonic controls on a passive margin[END_REF] (Fig. 15). The mixed drift represents the only preserved evidence of bottom currents. These document the influence of a northeast flowing, intermediate current interpreted by [START_REF] Voigt | Tectonically restricted deep-ocean circulation at the end of the Cretaceous greenhouse[END_REF] and [START_REF] Donnadieu | A better-ventilated ocean triggered by Late Cretaceous changes in continental configuration[END_REF] to weaken in distal areas where more symmetric drift levees bound the channel. Along the abyssal plain, the erosional surface referred to as discontinuity b marks the onset of sub-stage 1. This indicates bottom currents operating around the Cenomanian to Turonian transition. Fisher and Uenzelmann-Neben (2018a) linked this intensive circulation to the Turonian (~91 Ma) onset of a long-lasting cooling trend after the Cretaceous thermal maximum. Opening and deepening of the Equatorial Atlantic Gateway may have caused this event [START_REF] Poulsen | Response of the Mid-Cretaceous global oceanic circulation to tectonic and CO2 forcings[END_REF][START_REF] Poulsen | Did the rifting of the Atlantic Ocean cause the Cretaceous thermal maximum?[END_REF][START_REF] Huber | Deep-sea paleotemperature record of extreme warmth during the Cretaceous[END_REF][START_REF] Murphy | Cretaceous deep-water formation in the Indian sector of the Southern Ocean[END_REF][START_REF] Friedrich | Evolution of middle to Late Cretaceous oceans -a 55 m.y. record of Earth's temperature and carbon cycle[END_REF]. Erosional features (i.e., contourite channels) formed during sub-stage 3 could mark the onset of more vigorous bottom currents at intermediate water depths. The emergence of these currents may reflect major Oligocene palaeoceanographic changes in the Southern Ocean associated with the opening of the Drake Passage [START_REF] Zachos | Cretaceous to Cenozoic evolution off the Mozambique Channel, SW Indian Ocean  Onset of contourite depositional systems as early as Aptian-Albian time  Major shifts in sedimentary evolution at late Cenomanian, late Oligocene & 17-15 Ma  Present morphosedimentary features were established around the early Pleistocene  Tectonic, climate, glacial & palaeoceanographic events influenced margin deposition[END_REF][START_REF] Potter | Global Miocene tectonics and the modern world[END_REF] (Fig. 15). These enabled full development of the Antarctic Circumpolar Current (ACC) around the Eocene/Oligocene boundary ( 31Ma [START_REF] Lawver | Evolution of Cenozoic seaways in the circum-Antarctic region[END_REF]34 Ma: Barker and Thomas, 2004;~33 Ma: Livermore et al., 2004). The expansion of the East Antarctic ice sheet [START_REF] Barrett | Antarctic paleoenvirornment through Cenozoic times -a review[END_REF] and a new thermohaline circulation pattern contributed to initiation of Circumpolar Deep Water (CDW) and a proto-Antarctic Bottom Water (AABW) [START_REF] Kennett | Marine Geology[END_REF][START_REF] Niemi | Post-Eocene seismic stratigraphy of the deep ocean basin adjacent to the southeast African continental margin: a record of geostrophic bottom current systems[END_REF][START_REF] Hernández-Molina | Contourite depositional system on the Argentine slope: an exceptional record of the influence of Antarctic water masses[END_REF][START_REF] Lindeque | Seismic stratigraphy along the Amundsen Sea to Ross Sea continental rise: a cross-regional record of pre-glacial to glacial processes of the West Antarctic margin[END_REF][START_REF] Uenzelmann-Neben | Transition from the Cretaceous ocean to Cenozoic circulation in the western South Atlantic -a twofold reconstruction[END_REF] (Fig. 16). During this interval, the Zambezi and Angoche drifts experienced significant vertical accumulation. The absence of SU5 deposits in abyssal environments appears consistent with interpretations given in [START_REF] Leclaire | Late Cretaceous and Cenozoic Pelagic Deposits -Paleoenvironment and Paleooceanography of the Central Western Indian Ocean[END_REF] 

The maintenance stage

The maintenance stage develops during SU6 deposition. Despite the general downslope depositional setting proposed for SU6, the Zambezi and Angoche drifts experienced growth during this stage. This could be linked to rising sea level associated with warmer conditions from the end of the Oligocene until the middle Miocene (~15 Ma) [START_REF] Haq | Chronology of fluctuating sea levels since the Triassic[END_REF][START_REF] Zachos | Cretaceous to Cenozoic evolution off the Mozambique Channel, SW Indian Ocean  Onset of contourite depositional systems as early as Aptian-Albian time  Major shifts in sedimentary evolution at late Cenomanian, late Oligocene & 17-15 Ma  Present morphosedimentary features were established around the early Pleistocene  Tectonic, climate, glacial & palaeoceanographic events influenced margin deposition[END_REF]. We therefore propose similar oceanographic conditions in the early Miocene rather than in the Oligocene. This interpretation, consistent with that of [START_REF] Heezen | The face of the deep[END_REF], holds that the AABW forms a huge loop in the northern part of the Mozambique basin (Figs. 15 and16).

The burial stage

Termination of the Zambezi drift growth marked the onset of major palaeoceanographic changes at basin scales with cooling after the Mid-Miocene Climatic Optimum (17-15 Ma). Palaeoceanographic changes correspond to an increase in deep-water circulation (AABW) in the Southern Hemisphere [START_REF] Kennett | Marine Geology[END_REF][START_REF] Uenzelmann-Neben | Transition from the Cretaceous ocean to Cenozoic circulation in the western South Atlantic -a twofold reconstruction[END_REF]. This coincided with Miocene glaciation, sea-level fall [START_REF] Zachos | Cretaceous to Cenozoic evolution off the Mozambique Channel, SW Indian Ocean  Onset of contourite depositional systems as early as Aptian-Albian time  Major shifts in sedimentary evolution at late Cenomanian, late Oligocene & 17-15 Ma  Present morphosedimentary features were established around the early Pleistocene  Tectonic, climate, glacial & palaeoceanographic events influenced margin deposition[END_REF], the expansion of the eastern Antarctic ice sheet [START_REF] Mercer | Cenozoic glaciation in the southern hemisphere[END_REF][START_REF] Pierce | Evidence for a dynamic East Antarctic ice sheet during the mid-Miocene climate transition[END_REF], and initiation of North Atlantic Deep Water (NADW) circulation in the Southern Hemisphere [START_REF] Kennett | Marine Geology[END_REF] (Fig. 15). This last change may have generated a deepening of the AABW, resulting in a NADW/AABW interface at depths of ~3,500-4,000 m wd. These processes buried the Zambezi drift.

Along the slope, the upper boundary of the NADW is probably interfaced with the newly formed Antarctic Intermediate Water (AAIW) (Fig. 16). The onset of AAIW may be the result of changes that took place during the middle Miocene, coeval with the initiation of the permanent eastern Antarctic ice-Journal Pre-proof J o u r n a l P r e -p r o o f sheet [START_REF] Mercer | Cenozoic glaciation in the southern hemisphere[END_REF]) (Fig. 15). Under the influence of NADW, the Zambezi drift ceased to be active due to burial but the Angoche drift now under the influence of the AAIW remained active during SU7 deposition. Downslope processes predominate in this area however.

Conceptual model for the evolution of large contourite drifts

Hydrodynamic processes behind small contourite drifts (i.e., mixed turbidite-contourite drifts) have been recently studied by several authors (e.g., [START_REF] Miramontes | Channel-levee evolution in combined contour current-turbidity current flows from flume-tank experiments[END_REF], mostly as potential high-value hydrocarbon reservoirs [START_REF] Fonnesu | A new world-class deep-water playtype, deposited by the syndepositional interaction of turbidity flows and bottom currents: The giant Eocene Coral Field in northern Mozambique[END_REF][START_REF] J O U R N A L P R E -P R O O F Fuhrmann | Hybrid turbidite-drift channel complexes: An integrated multiscale model[END_REF]. However, the hydrodynamic processes at the origin of large elongated-mounded and sheeted contourite drifts identified in many abyssal plains and continental margins are still underexplored despite, for example, their potential as seal-rocks or their role as topographic barriers or conduits for subsequent gravity flow deposits (e.g., [START_REF] Viana | The economic importance of contourites[END_REF]. In the Mozambique Channel, several large elongated-mounded contourite drifts have been recognized with the available 2D multichannel seismic reflection profile dataset (i.e., Limpopo drifts, Zambezi drift, Angoche drift, and Beira drift). However, the use of 3D seismic volumes is required to provide a detailed geometrical analysis of these large contourite drifts. Despite of that, this study unravels the role of large contourite drifts in the formation of ponded systems (e.g., sedimentary lobes) and the influence of downslope channels pathways, modifying the sedimentary stacking pattern at the basin scale. Therefore, hydrodynamic processes behind their formation should be addressed and could be applied more globally. Here, we attempt to characterize the formation of the Zambezi drift, which represents an important component in the sedimentary and palaeoceanographic evolution of the Mozambique basin.

In the Lower Zambezi region, the Zambezi drift is characterized by an erosional channel (~10 km wide) in its landward and upslope area (Figs. 8 and17A). It might be similar to a downslope channel coevally with the Zambezi drift's formation (i.e., for the time of deposition of SU4, SU5, and SU6) (Fig.

Journal Pre-proof

J o u r n a l P r e -p r o o f 14), but deviated in an SW-NE trend by the remnant positive relief of the Beira High. Here, because the asymmetry of the Zambezi drift and its association with the channel, it might be confused with an asymmetric channel-levee complex (e.g., [START_REF] Migeon | The Var turbidite system (Ligurian Sea, northwestern Mediterranean)morphology, sediment supply, construction of turbidite levee and sediment waves: implications for hydrocarbon reservoirs[END_REF]. But, the fact that there is not any large feeder gravitational system connected to this channel, its parallel distribution to the paleo-slope, and its association to an adjacent elongated-mounded and separated drift allows to interpret this channel as a contourite moat (e.g., [START_REF] Mccave | Deep current controlled sedimentation in the western North Atlantic[END_REF][START_REF] Faugères | Seismic features diagnostic of contourite drifts[END_REF][START_REF] Rebesco | Seismic expression of contourites and related deposits: a preface[END_REF]Masson et al., 2002). It results from the increased flow path of the proto-Antarctic Bottom Water (AABW) due to the Coriolis effect directing the current core against the adjacent slope (Fig. 17A), eroding the left side and depositing sediment on the right side where the current velocity is lower, as proposed by [START_REF] Faugères | Seismic features diagnostic of contourite drifts[END_REF]. Along the western continental slopes in the southern hemisphere, moats occur on the left sides of elongated-mounded and separated drifts confined by the slope physiography, suggesting north-eastward-directed main flow on this margin (e.g., [START_REF] Llave | Seismic stacking pattern of the Faro-Albufeira contourite system (Gulf of Cadiz): a Quaternary record of paleoceanographic and tectonic influences[END_REF]. However, we do not exclude the possibility that some smaller downslope channels connect to this moat, contributing locally for the drift's development (e.g., overspill of fine-grained sediments) and the infill of the moat (e.g., filled by coarser-grained sediments) (Figs. 14 and17). Furthermore, sediment waves within the drift may develop by contour currents but are similar, in form and dimensions, to waves formed by turbidity currents (Figs. 8 and17A) (e.g., [START_REF] Wynn | Classification and characterisation of deep-water sediment waves[END_REF]. Therefore, further studies should emphasize about criteria to distinguish waves formed by these contrasting mechanisms in the study area.

In the Middle Zambezi region, the previous elongated-mounded and separated drift becomes detached to the slope and resembles other giant mounded drifts described in the Transkei basin by [START_REF] Niemi | Post-Eocene seismic stratigraphy of the deep ocean basin adjacent to the southeast African continental margin: a record of geostrophic bottom current systems[END_REF] or in the Argentine basin by [START_REF] Hernández-Molina | Giant mounded drifts in the Argentine Continental Margin: origins, and global implications for the history of thermohaline circulation[END_REF]. These drifts are built in open deep marine settings (i.e., in which the core current migration is not confined by the slope physiography). In these systems, drifts are distinguished by their asymmetric mounded external shapes Journal Pre-proof J o u r n a l P r e -p r o o f with erosion on the steep sides and continuous deposition onto the gentler sides, which are typically partly covered with sediment waves, and the drift's crest migration is leftward down current (in the Southern Hemisphere). In the Mozambique Channel, the Zambezi drift in the Middle Zambezi region represents a sedimentary system characterized in its early development phase by a prominent crest, a steep and more erosive SW side, and a smooth gently dipping and depositional NE side (Fig. 17B). The drift's crest migration is towards the NE suggesting that the proto-AABW flow path is towards the SE with the main core of the water mass located in the southwest part of the drift (Fig. 17B). However, in the late phase of the drift's development the system changes completely with deposition focused on the SW side of the drift where large sediment waves develop, and erosion and/or non-deposition dominate the NW side of the drift (Fig. 17C). We interpret the shift between early and late phases by a change in the position of the main core of the water mass, now located in the northeast part of the drift (Fig. 17C).

The most likely scenario for the upslope migrating sediment waves on its SW flank is that these waves create by weak contour currents between 0.1-0.3 m/s, based on the criteria from [START_REF] Stow | Bedform-velocity matrix: the estimation of bottom current velocity from bedform observations[END_REF].

We consider the changes in the drift's development during the late phase to occur during a late Oligocene period . At this time, [START_REF] Pekar | Resolving a late Oligocene conundrum: Deep-sea warming and Antarctic glaciation[END_REF] suggest a reduction and a weakening of the proto-AABW in comparison to the early Oligocene period . The configuration of the basin with 1) a northward shallowing of the seafloor [START_REF] Castelino | Anomalous bathymetry and paleobathymetry models of the Mozambique Basin and Riiser Larsen Sea[END_REF], 2) the inherit morphology of the Zambezi drift initial phase, and 3) a deeper proto-AABW top interface controls the change in the position of the proto-AABW main core. We suggest that the drift moves from an open-marine system to a "slope-confined" system in which the main core of the current moves on the left side of the elongated-mounded drift (in the Southern Hemisphere), confined by the slope physiography (Fig. 17C).

This scenario of a late Oligocene proto-AABW current condition may have been true for the early Miocene SU6 [START_REF] Pekar | Resolving a late Oligocene conundrum: Deep-sea warming and Antarctic glaciation[END_REF], consistent with the drift's maintenance stage (Fig. 17C).

Journal Pre-proof J o u r n a l P r e -p r o o f An important point concerned the various sediment inputs for the construction of this drift: sediments could be of pelagic-hemipelagic origin, turbidity currents origin from adjacent slopes, and bottom currents origin with local erosion and longer-distance transport (Fig. 17). Sediment deposition can be enhanced as well by external factors such as topographic effects, distal input from terrestrial sources, local erosion around obstacles, etc. [START_REF] Hernández-Molina | The contourite depositional system of the Gulf of Cadiz: a sedimentary model related to the bottom current activity of the Mediterranean outflow water and the continental margin characteristics[END_REF][START_REF] Stow | The nature of contourite deposition[END_REF]. Moreover, regional sediment distribution could be increased due to the effect of internal waves associated with the CDW / AABW interface and its interaction with the continental slope, inducing sediment resuspension and transport through nepheloid layers (e.g., [START_REF] Bourgault | Sediment resuspension and nepheloid layers induced by long internal solitary waves shoaling orthogonally on uniform slopes[END_REF] (Fig. 17).

This confirms the multi-processes interaction for the drift's formation and the necessity to integrate oceanographic and sedimentological studies for a better understanding of these giant contourite drifts.

Conclusion

Based on observations of the study area, interpretations are summarized as three main conclusions:  Large contourite drifts developed from Albian-Aptian times with optimal conditions during the Oligocene. Small mixed contourite drifts developed locally during interaction between density currents and contour currents in the Late Cretaceous and early-middle Miocene. These established a paleo-bottom current direction. All bottom current evidence suggests predominantly south to north circulation along the African margin during the Mesozoic and Cenozoic. Significant erosional phases caused by bottom currents have been identified from sediments deposited during the Turonian and late Oligocene. The timing of these erosional phases appears to be similar with that observed for other areas of the African margin.

 The main phases of CDS growth and burial coincide with major tectonic changes, which strongly influence the paleoceanography of the margin. The sedimentary record thus confirms the Journal Pre-proof J o u r n a l P r e -p r o o f connection between global events and CDS development to demonstrate that these features represent important records for underexplored margins of the Southern Hemisphere.

 This approach could be extended with further study of the African continental margin. The paucity of deep-sea wells and the sparse coverage of multichannel 2D seismic reflection profiles represent a major gap in records of palaeoceanographic circulation in this area (i.e., different water masses and their respective water depths, and criteria for palaeo-bottom current directions). Detailed analysis of three-dimensional seismic reflection data along with highresolution stratigraphic data from other deep-water sites can help constrain understanding of the margin and its relation to global events. Table 1. Seismic survey parameters for the dataset interpreted this study. 242, 243, 244, 248, and 249 (Simpson et al., 1974a, b), IODP 361 Sites U1474, U1476, U1477, and U1478 [START_REF] Hall | Expedition 361 summary[END_REF], and DSDP Leg 26 Site 250 [START_REF] Davies | Initial Reports of the Deep Sea Drilling Project[END_REF].

Tables

White thick line represents the present-day Zambezi river catchment. Dashed blue-white lines represent major fault zones (thick) also reported by [START_REF] Chorowicz | The east African rift system[END_REF] Sites 243 and 244 (Simpson et al., 1974a, b), and IODP 361 Site U1477 [START_REF] Hall | Expedition 361 summary[END_REF] [START_REF] Zachos | Cretaceous to Cenozoic evolution off the Mozambique Channel, SW Indian Ocean  Onset of contourite depositional systems as early as Aptian-Albian time  Major shifts in sedimentary evolution at late Cenomanian, late Oligocene & 17-15 Ma  Present morphosedimentary features were established around the early Pleistocene  Tectonic, climate, glacial & palaeoceanographic events influenced margin deposition[END_REF]Hernández-Molina et al., 2017b). These global changes are correlated with the regional stratigraphy of the Mozambique Margin. Geological time scale from [START_REF] Ogg | A Concise Geologic Time Scale[END_REF]. Global sea level records: (1) from 0 to 7 Ma (in purple) [START_REF] Miller | The Phanerozoic record of global sea-level change[END_REF], (2) from 7 to 100 Ma (in black and light blue) [START_REF] Miller | The Phanerozoic record of global sea-level change[END_REF], (3) from 100 to 140 Ma (in light gray) [START_REF] Sahagian | Eustatic curve for the Middle Jurassic-Cretaceous based on Russian platform and Siberian stratigraphy: Zonal resolution[END_REF], (4) from 7 to 100 Ma (in black and red) (Kominz et al., 2008), (5) deep-sea benthic foraminiferal oxygen (in red) and carbon (in green) isotopic curves [START_REF] Cramer | Ocean overturning since the late Cretaceous: inferences from a new benthic foraminiferal isotope compilation[END_REF]. Light yellow: basin accumulation rates for whole Zambezi sedimentary system (in km 3 /Ma) from [START_REF] Ponte | La marge africaine du canal du Mozambique (le système turbiditique du Zambèze): une approche "Source to Sink" au Méso-Cénozoïque[END_REF] 

  (Fig. 3). SU1 overlies the acoustic basement and is older than 129.4 Ma (i.e., Neocomian in age). SU2 developed between the upper Neocomian (129.4 Ma) and the Cenomanian-Turonian boundary (94 Ma). SU3 spans the Turonian to Senonian (94 to 67.3-63.2 Ma). SU4 formed during the Paleocene-Eocene interval Journal Pre-proof J o u r n a l P r e -p r o o f

  develop along the slope and rise (Figs. 6, 8, 9 and 10A). Sediment waves can make up almost the entire thickness of a drift or form only part of large drifts (Figs. 7, 8 and 10A). Wavelengths of sediment waves range from ~4-7 km, and wave heights can reach ~400 ms TWTT. Within the Zambezi drift, sediment Journal Pre-proof J o u r n a l P r e -p r o o f

  Regional mapping has identified large Mesozoic to Cenozoic depocentres along the continental margin off Mozambique, where pre-existing structural elements strongly influenced deposition. Most of the depocentres occur northwest of the Beira high during the Mesozoic. Extensive contourite depositional systems (CDSs) determined whether depocentres accumulated beyond the Beira high Journal Pre-proof J o u r n a l P r e -p r o o f

  Pre-proof J o u r n a l P r e -p r o o f 5.1.5. Seismic unit 5 Continental margin progradation (prograding clinoforms) occurs along the shelf of the Lower Zambezi and Middle Zambezi regions during the Oligocene as recorded in SU5 (38.2-36.2 Ma to 25-23

  . Along the shelf of the Lower Zambezi and Middle Journal Pre-proof J o u r n a l P r e -p r o o f Zambezi regions, prograding clinoforms extend 80 km (Ponte et al., 2018) (Figs. 7 and 8). These formed coevally with extensive channels and MTDs along the slope (Figs. 7, 8, 9 and 14). The MTDs provide indirect evidence of slope instability resulting from rapid delivery of sediment to the slope. Sediments may pass over the Beira high which relieves flow in channels otherwise constricted by sediments funneled into preexisting bypass routes along basement features. Reorganization of channels along the slope enabled deposition of sedimentary lobes along the rise in the Lower Zambezi region (Figs. 8, 10A

  Onset of intermediate circulation occurs with the development of the Beira drift. Onset of this drift is poorly constrained but occurs above regional seismic discontinuity a (i.e., >129.4 Ma) suggesting onset Journal Pre-proof J o u r n a l P r e -p r o o f of oceanic circulation in the Early Cretaceous (Aptian-Albian). Castelino et al. (2015) report observations suggesting Late Cretaceous onset (Fig. 15). The former interpretation agrees with findings of Uenzelmann-Neben et al. (2017), which infer oceanic circulation through the African-Southern Ocean (A-SO) gateway beginning in Albian time (~110 Ma). Onset of deep circulation occurs with the development of the southern Limpopo drift at the Albian-Cenomanian boundary (~100.5 Ma) and records initiation of a deep-water connection through the A-SO gateway (~100 Ma, Lawver et al., 1992; König and Jokat, 2006) (Figs. 15 and 16).

  Limpopo drifts developed above this erosional surface in response to circulation components of Journal Pre-proof J o u r n a l P r e -p r o o f northward deep currents that might be associated to the southern component water (Robinson et al., 2010) (Figs. 15 and 16). During sub-stage 2, partial cessation of density currents favors development of contour current features. Large contourites appear in the basin, including the Zambezi and Angoche drifts. A large field of sediment waves indicates intensification and expansion of intermediate currents in distal areas. This intensification may indicate greater overall circulation with cooler conditions during the early to late Eocene (Zachos et al., 2001) (Fig. 15). Sediment wave orientation suggests predominantly northeastward-flowing bottom currents. Numerical simulations by Uenzelmann-Neben et al. (2017) and ε Nd signatures reported for Eocene sediments by Thomas et al. (2003) also indicate northward flow in the study area. Deep circulation remained similar to that operating during sub-stage 1 and development of the southern Limpopo drifts (Figs. 15 and 16).

  that infer an erosional zone resulting from strong westernboundary undercurrents supplied by AABW. These presumably operated by late Oligocene to early Journal Pre-proof J o u r n a l P r e -p r o o f Miocene times. The unconformity developed along the margins of the Cape Basin, Agulhas Plateau, and Mozambique Basin off South Africa marks the principal pathways of abyssal flow for AABW through the region (Tucholke and Embley, 1984) (Figs. 15 and 16).

  Seismic facies for seismic units (SU9 to SU1) along the shelf, slope, rise, and abyssal plain of the Mozambique margin. Legend for seismic configuration: 1a = prograding clinoforms; 2a = disrupted; 3a = parallel/subparallel (Type 1); 3b = parallel/subparallel (Type 2); 4a = hummocky; 5a = chaotic (Type 1); 5b = chaotic (Type 2). See Fig.4for the type of seismic configuration.

Figures captions Figure 1 .

 captions1 Figures captions

  [START_REF] Macgregor | History of the development of the East African Rift System: a series of interpreted maps through time[END_REF]. Thin dashed blue-white lines represent inferred fault zones. Red circles represent earthquakes since 1960 (M>4; USGS). Dashed black line represents the location of the Beira High. Legend: DFZ = Davie Fracture Zone, ZV = Zambezi Valley, NMB = Northern Mozambique Basin, SMB = Southern Mozambique Basin, MozR = Mozambique Ridge, MdgR = Madagascar Ridge. Bathymetric map from Weatherall et al. (2015). B) General sketch showing the main circulation paths along the Mozambique Channel. Map also shows the shelf circulation (based on Malauene et al., 2018). Legend: ZV = Zambezi Valley, DFZ = Davie Fracture Zone, NMB = Northern Mozambique Basin, SMB = Southern Mozambique Basin, MC = Mozambique Current, me = Mesoscale Eddy, e = Eddy, SEMC = Journal Pre-proof J o u r n a l P r e -p r o o f Southeast Madagascar Current. Dashed black line represents the location of the Beira High. Bathymetric map from Weatherall et al. (2015). Figure A.1 of the supplementary material gives a more complete sketch. Black box represents the location of the study area in Fig. 2.
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 2 Figure 2. Location of seismic profiles (multichannel seismic reflection profiles; MSC) along the

  . Legend for oceanographic features: ZV = Zambezi Valley; DFZ = Davie Fracture Zone; NMB = Northern Mozambique Basin.
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 3 Figure 3. Regional stratigraphic sketch showing correlations with exploration wells X2 and X3 (Ponte et
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 4 Figure 4. Description and examples of seismic facies spanning the shelf, slope, rise, and abyssal plain of
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 5 Figure 5. Seismic facies template for a contourite depositional system. White and black arrows represent
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 6 Figure 6. Seismic profile for the Angoche region of the Mozambique margin and its interpretation.
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 78 Figure 7. Seismic profile for the Middle Zambezi region of the Mozambique margin and its
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 9 Figure 9. Seismic profile for the Lower and Middle Zambezi regions parallel to the Mozambique margin
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 10 Figure 10. A) Seismic profile for the Lower Zambezi region of the Mozambique margin with
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 11 Figure 11. Surface maps (in ms TWTT) for the main discontinuities (reflectors a to h), showing the main
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 12 Figure 12. Isochore maps (in ms TWTT) of the Mozambique margin for SU1 through SU9 showing the
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 13 Figure 13. Examples of mixed drifts from the study area. A) Mixed drift in SU3 along the continental
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 14 Figure 14. Gross depositional environment maps showing the main depositional elements for SU1

Figure 15 .

 15 Figure 15. Chart of major Cretaceous to Cenozoic global events (tectonic, climatic, sea level, and

  . Abbreviations in alphabetic order: AABW = Antarctic Bottom Water, ACC = Antarctic Circumpolar Current, A-SO = Atlantic-Southern Ocean, CAS = Central American Seaway, EAIS = Eastern Antarctic Ice Sheet, EARS = Eastern Africa Rift System, ETM2 = Eocene Thermal Maximum 2, K-T = Cretaceous/ Tertiary, MME = Mid-Maastrichtian Event, MTD = Mass-Transport Deposit, NADW = North Atlantic Deep Water, PETM (ETM1) = Paleocene/Eocene Thermal Maximum (Eocene Thermal Maximum 1), S-A = Southern Africa, SCW = Southern Component Water, WAIS = Western Antarctic ice Sheet.
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 16 Figure 16. Palaeoceanographic evolution of the Mozambique Channel based on this study and on
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 17 Figure 17. Conceptual 3D sketch for the construction of the Zambezi drift. A) Seismic section of the
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