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Abstract :   
 
The pattern of sediment dispersal and the location of sediment depocentres on continental margins can 
be very complex in both space and time. We aim at investigating how significantly external and internal 
factors, such as river runoff, bottom current and sliding can deviate the sediment dispersal from a 
simplistic fully sea-level controlled spreading. In this study we examined the sedimentation at two 
transects across the Mozambique-Zambezi slope between 17°20S-20°S, where multibeam bathymetry, 
sub-bottom profiler data and sediment cores were acquired. The period investigated spans the last 
40 cal ka BP with a focus on the contrast between the last glacial (lowstand) and the Holocene (highstand) 
periods. Results show contrasting patterns of sediment dispersal, deposition and preservation. Sea level 
fluctuation remains the main forcing and most of the sediment from the Zambezi River settled on the inner 
shelf since the last sea level rise. However, we found that two major depocentres have developed on the 
upper slope during the Holocene consequent to the interaction of bottom currents with seabed 
morphologies at the shelf edge and at the upper slope. Early Holocene sliding in the north-east and in the 
south-west upper slope is a secondary but yet major factor of sediment transfer to the deep domain. 
Identified preconditioning factors for sliding on the slope are related to lowstand sediment loading and 
fluid circulation on the upper slope, and erosion at the base of slope of a plastered drift. Triggering must 
be related to margin wide mechanisms such as changes in hydrostatic pressure and reorganisation of 
sediment dispersal, subsequent to the post-glacial sea level rise, or maybe a period of regional seismicity. 
Climatic conditions in the Zambezi River watershed during the Bolling-Allerod and Younger Dryas periods 
are recorded and imprinted on the upper slope in the form of a detrital rich layer and a prominent slope-
wide high-amplitude reflector. All over the continental slope, plastering of sediment deposits by bottom 
currents is pervasive and shows a morphological continuum from erosional scours at the base of slope to 
sediment waves on the upper slope and a possible interaction between along and across slope transport 
processes. We conclude that, in addition to sea level, the interplay of external and internal factors such 
as oceanic circulation and sliding, together with margin morphology, lead to the development of 
unexpected depocentres on the continental slopes. Thus, the study of modern marine analogues is crucial 
to avoid misleading interpretation of fossil deposits in terms of paleo sea level and more generally of 
paleo-environmental conditions. 
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Highlights 

► Early Holocene sliding occurred in contrasting morphological and sedimentary settings ► Expanded 
Holocene deposits on the upper slope related to interaction between bottom current and the morphology 
of the margin and of the seabed ► Continuum of sediment undulations ranging from scours to sediment 
waves from base of slope to upper slope ► Sedimentation contrast between Bolling-Allerod/Younger 
Dryas and Early Holocene periods visible as a high amplitude reflector 

 

Keywords : Indian Ocean, Mozambique margin, Zambezi River, continental slope, contourite, turbidite, 
landslide, bottom current, sediment waves, scours, climate, sea level 
 
 

 

 



slope, and erosion at the base of slope of a plastered drift. Triggering must be related to 

margin wide mechanisms such as changes in hydrostatic pressure and reorganisation of 

sediment dispersal, subsequent to the post-glacial sea level rise, or maybe a period of 

regional seismicity. Climatic conditions in the Zambezi River watershed during the 

Bolling-Allerod and Younger Dryas periods are recorded and imprinted on the upper 

slope in the form of a detrital rich layer and a prominent slope-wide high-amplitude 

reflector. All over the continental slope, plastering of sediment deposits by bottom 

currents is pervasive and shows a morphological continuum from erosional scours at 

the base of slope to sediment waves on the upper slope and a possible interaction 

between along and across slope transport processes. We conclude that, in addition to 

sea level, the interplay of external and internal factors such as oceanic circulation and 

sliding, together with margin morphology, lead to the development of unexpected 

depocentres on the continental slopes. Thus, the study of modern marine analogues is 

crucial to avoid misleading interpretation of fossil deposits in terms of paleo sea level 

and more generally of paleo-environmental conditions. 

Keywords 

Indian Ocean, Mozambique margin, Zambezi River, continental slope, contourite, 

turbidite, landslide, bottom current, sediment waves, scours, climate, sea level 

1. Introduction 

The sedimentary development of continental margins is roughly controlled by the 

interplay of accommodation and sediment supply (Payton, 1977; Van Wagoner et al., 

1988). In this respect, sea level fluctuation has long been recognized as a major driver 

for the emplacement of sediment depocentres and as the pacemaker of the stratigraphic 

pattern and sediment composition of continental margins, especially during the late 

Pleistocene (Rabineau et al., 1998; Reeves et al., 2008; Simmons, 2012). However, the 
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thorough exploration of continental margins with increasingly resolving acoustic tools 

and efficient sampling devices (Curray, 2014) have unveiled that passive margins can be 

locally segmented into compartments with incredibly contrasted sedimentation 

patterns in space and time. Thus, there is growing evidence of a “non-straightforward” 

and non-unique role of sea level (Armitage and Covault, 2011), and that depocentres 

are, to a large extent, also controlled by (1) internal parameters such as the tectonic, 

morphological and sedimentological characteristics of margins impacting canyon 

emplacements,  evolution and sliding; (2) external parameters such as along-shelf or 

slope transport of sediment by currents and their interaction with margin 

morphological features (Bernhardt et al., 2016; Boyd et al., 2008; Covault et al., 2007; 

Gaudin et al., 2006; Mazières et al., 2014; Normandeau et al., 2013; Rebesco et al., 2014). 

In this respect, the Mozambique margin (Fig. 1) is an interesting case study to 

investigate the patterns of sedimentation because it is fed by the Zambezi River, the 

major East-African river, and is characterised by an expanded shelf, narrowing to the 

south-west and to the north-east. Therefore, the emplacement and migration of 

depocentres is highly sensitive to sea-level fluctuations between glacial lowstands and 

interglacial highstands (Schulz et al., 2011; van der Lubbe et al., 2014). The margin is 

also exposed to vigorous surface to bottom oceanic circulation (de Ruijter et al., 2002; 

Penven et al., 2006; Ullgren et al., 2016, 2012) (Figs. 1 and 2) that drives slope sediment 

transport and plasters the seabed (Breitzke et al., 2017; Fierens et al., 2019; Flemming 

and Kudrass, 2018; Kolla et al., 1980; Miramontes et al., 2019b, 2021; Thiéblemont et al., 

2019; Wiles et al., 2017). The margin is also affected by giant sliding (Deville et al., 

2020). Surprisingly there is no evidence of a recent major canyon incision that would 

funnel sediment across the continental slope. These characteristics make the 
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Mozambique margin the ideal place to illustrate the interplay between these multiple 

factors of sediment dispersal on the development of a sedimentary margin. 

This study focused on two transects, one to the north-east and one to the south-

west, across the Mozambique margin from the outer shelf to the base of slope off the 

Zambezi River. Interpretation and integration of multibeam bathymetry, chirp sub-

bottom profiler data and sediment cores provide a detailed view of the sediment 

deposition patterns and associated gravity and hydro-sedimentary processes over the 

past 40 ka. The aim is to characterise the pattern of sedimentation since the last glacial 

period with a focus on the expression of sliding and bottom-current deposits, and more 

generally, the interaction between seabed morphology disruptions with along and 

across slope sediment transport and deposit. 

 

2. Study area: Geologic, sedimentary and oceanic settings and previous work 

The Mozambican margin in the vicinity of the Zambezi river mouth, between 22°S 

and 15°30S, is a 900-km-long passive margin of classic morphology with a well-

developed shelf reaching 135 km off Beira and 80 km off the Zambezi delta (Fig. 2). To 

the north, the shelf disappears by pinching out gradually to form, between 17°S and 

15°30S, a 20-km-wide strip interrupted by the Primeiras and Segundas coral-reef 

pinnacles archipelago. To the south, the shelf narrows abruptly and disappears at the 

Bazaruto Archipelago. 

Suspended sediment yields of south-eastern Africa rivers is currently rather low 

when compared to major world rivers (Walling, 1984). The Zambezi river sediment 

yield is in the order of 40 t.km-2.y-1, yielding a potential natural sediment load of 52 Mt.y-

1 from the ca. 1.3x106 km2 basin (Milliman and Meade, 1983; Walling, 1984), though 

most of it is currently trapped behind dams so the load exported to the ocean is 
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estimated at 20 Mt.y-1 (Milliman and Meade, 1983). Other small river basins, from south 

to north, Save, Buzi, Pungwe, Licungo, and Ligonha rivers, represent only ca. 15% of the 

surface of the Zambezi basin. 

A 2-km-thick, prograding deltaic system of the Zambezi River was established 

from the Oligocene to present (Ponte et al., 2019). Until the Middle Miocene, the 

sediment routing dominantly converged to the Zambezi valley and was then gradually 

also diverted into the Intermediate Basin (ponded) at the base of slope of the Zambezi 

margin (Fierens, 2019; Fierens et al., 2022). Detailed analysis of deposits shows scarce 

turbidites and reduced sedimentation along the Zambezi valley since Marine Isotopic 

Stage 10 (ca. 350 ka) consecutive to a shift of the depocentre onto the Zambezi margin 

and Intermediate basin (Fierens et al., 2020). During the Late Pleistocene, the dispersal 

of sediment onto the shelf and slope was controlled by sea-level fluctuations and 

consecutive seaward and landward migrations of depocentres. During the current 

highstand, sediments are dominantly deposited on the delta and prodelta and on the 

shelf (Schulz et al., 2011). During the last lowstand, ca. 20 cal ka ago, the Zambezi river 

mouth moved seaward to reach the shelf break that is currently at ca. 80-100 m water 

depth in the south. Sediments were funnelled into the shelf, incising the Chinde-Zambezi 

paleo-valley (Beiersdorf et al., 1980) and delivered onto the slope where glacial 

sedimentation rates were higher than during the Holocene (Schulz et al., 2011; van der 

Lubbe et al., 2014; Wiles et al., 2017). However, on the slope, there is no major canyon to 

funnel the Zambezi sediment towards the base of slope of the Zambezi valley. Only a few 

sharp and narrow incisions dissect the slope in front of the Zambezi delta. In the north, 

the slope is dissected by multiple gullies with the northernmost coalescing towards the 

Zambezi valley (Wiles et al., 2017). At the base of slope, between 20°-22°S and 16°-

17°30S, deposits in the form of sedimentary lobes, in the continuity of canyon networks, 
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are attributed to gravity-driven processes such as turbidity currents (Thiéblemont et al., 

2019). 

Although increasing (Breitzke et al., 2017; Jouet and Deville, 2015; Miramontes et 

al., 2020; Wiles et al., 2017), multibeam bathymetry and sub-bottom profiler data 

remain scarce on the Mozambique margin, making identification of large-scale 

morphologic features challenging. In this respect, between 19°S-20°S, 10-km-wide and 

200-m-deep, depressions on the upper slope were interpreted as canyons (Wiles et al., 

2017). However, an extensive multibeam survey has clearly shown that depressions are 

actually related to a massive recent slope sliding with volumes up to 33 km3 (Cattaneo et 

al., 2019; Deville et al., 2020), consistent with recurrent sliding during the Pleistocene 

(Ortiz et al., 2016; Thiéblemont et al., 2019). Abundant pockmarks, indicative of active 

circulation of fluids, characterise the slide scar area, and the adjacent stable slope 

(Deville et al., 2020). Several pockmarks, mostly on the upper slope, show active gas 

flares indicative of free gas and are interpreted as a preconditioning factor for sediment 

instability on the upper slope (Deville et al., 2020). 

In the Mozambique Channel, oceanic circulation is strong enough to transport 

sediment and has been shaping the seabed since the Late Cretaceous (Castelino et al., 

2015). An extensive panel of hydrodynamically controlled deposits and bedforms has 

been described with increasing detail since the 80s (Breitzke et al., 2017; Castelino et al., 

2015; Droz and Mougenot, 1987; Fierens et al., 2019; Flemming and Kudrass, 2018; 

Kolla et al., 1980; Miramontes et al., 2020, 2019b, 2019a; Thiéblemont et al., 2019; Wiles 

et al., 2017). Surface and intermediate circulation consist of the southward flowing 

Mozambique Current (MC), which is the northern part of the Agulhas Current, the 

strongest Western Boundary current in the southern hemisphere (Figs. 1 and 2). The MC 

is rather discontinuous as it is characterised by trains of anticyclonic eddies that affect 
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the whole water column and can reach the seabed down to 3000 m deep (Breitzke et al., 

2017; de Ruijter et al., 2002). Large eddies, up to 300 km in diameter, forming at a 

frequency of four per year (Schouten et al., 2003), are characterised by velocities up to 2 

m.s-1 on the surface and 0.50 m.s-1 at 300 m deep (Ternon et al., 2014). The MC is evoked 

for the emplacement of a plastered drift along the Mozambique slope between 300 m 

and 700 m, characterised by a convex morphology, with a steep slope, up to 5°–6°, in its 

upper part at 300–400 m (Miramontes et al., 2020). It is also evoked for the 

emplacement of a contourite terrace, between 120 m and 300 m characterised by a 

gentle slope, below 2° and truncated reflections covered by sandy ripples (Miramontes 

et al., 2020). Coastward, the MC drives a counter-circulation loop on the shelf, leading to 

a coast-parallel flow that deflects the river plume (Siddorn et al., 2001) and transports 

sediment towards the northern shelf area (Fig. 2). At water depths less than 50 m it 

controls the emplacement of an inner shelf mud belt  (Schulz et al., 2011) and (van der 

Lubbe et al., 2014), redrawn after Beiersdorf et al., 1980) (Fig. 2). This is as an extension 

of the subaqueous deltas as is the case of many other river deposits (Cattaneo et al., 

2003; Hanebuth et al., 2015; Patruno et al., 2015). In the north-east, where the shelf is 

reduced, the mud is eventually exported onto the upper slope where Holocene 

sedimentation rates higher than during the late glacial are recorded (Schulz et al., 2011). 

It is argued that mud, rather sandy, also accumulates along the upper slope under the 

influence of the MC (Beiersdorf et al., 1980; Schulz et al., 2011; van der Lubbe et al., 

2014). Deep circulation, ca. 1500-3500 m deep, is fed by Antarctic Intermediate Water 

(AAIW) and the North Atlantic Deep Water (NADW) masses entering from the south and 

flowing north to form the Mozambique Under Current (MUC) (Figs. 1 and 2). The MUC, 

with an average speed in the order of 5-10 cm s−1 and maximum speeds of 33–40 cm s−1 

(Miramontes et al., 2019b; Ridderinkhof and de Ruijter, 2003), plasters the seabed, like 
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at the Beira structural high where a 10-km-wide moat and detached drift have 

developed (Wiles et al., 2017). 

 

3. Methods and data 

This study is based on multi-beam bathymetry, chirp sub-bottom profiler data 

(SBP) and sediment cores collected from two areas on the northern Mozambique margin 

during the PAMELA-MOZ4 cruise (Jouet and Deville, 2015). When the cruise was carried 

out, only scarce multi-beam bathymetry was available (Reichert and Aslanian, 2007) 

and data from other cruises external to the project were not yet published (Franke et al., 

2014; Jokat, 2014). The strategy for data acquisition was thus basically driven by the 

will to explore the margin and tracklines are not ideally located or orientated with 

regard to the features and structures subsequently identified. Data were collected across 

the slope, in the north-east around 18°S-39°E at a water depth between 200 m and 2500 

m, and along the upper slope at water depths between 100 m and 600 m in the south-

west around 19°40S-36°40E (Figs. 2, 3 and 4).  

Multibeam data was acquired with a Seabat 7150 echo sounder emitting at 24 

kHz and 12 kHz frequencies; vertical sounding accuracy is undetermined but is 

commonly less than 0.2% of water depth for multibeam echosounders (Kongsberg 

Maritime AS, 2011). Bathymetry data were processed using Ifremer software CARAIBES 

and gridded at 50 m resolution. Reference sound velocity comes from measured 

temperature (Sippican) and estimated salinity (Levitus table), tide correction was 

applied from predicted tide. Acoustic backscatter data were processed using Ifremer 

software GLOBE™ (Poncelet et al., 2020) and gridded at 25 m resolution. SBP lines were 

acquired with an IXSEA ECHOES 3500 T7 SBP operating in chirp mode between 1.8–5.3 

kHz ; vertical resolution is around 30-50 cm. Data were processed using Ifremer in-
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house QC Subop software and exported to the IHS Kingdom Suite™ software for display 

and interpretation. In figures, the vertical scale was converted in depth using a sound 

velocity of 1500 m.s-1. 

Sediment cores were collected with a Calypso piston corer aboard R/V Pourquoi 

pas ?. Coring sites were targeted on stratigraphic and morphological features identified 

on acoustic data. Cores MOZ4-CSF13, MOZ4-CSF12 and MOZ4-CSF11 were collected 

along a NW-SE dip transect in the north-east Angoche area at 904 m, 1905 m and 2134 

m depth, respectively. Cores MOZ4-CSF18 and MOZ4-CSF19 were collected in the 

Zambezi area at 410 m and 315 m depth respectively (Figs. 2, 3 and 4; Tab. 1). The 

piston corer was equipped with pressure and acceleration sensors on the trigger and on 

the weight that allowed measuring the relative movement of the core barrel and piston 

and to convert the depth-in-core in in-situ depth with the Cinema software (Bourillet et 

al., 2007) (cf. supplementary material). In this respect, we inferred that all cores were 

slighted under sampled and that penetration depth was 10 to 15% longer than the 

recovered length (Tab. 1). It was therefore possible to improve the correlation of 

lithofacies with SBP facies. 

Lithofacies and sediment composition were determined after visual and haptic 

description, smear-slide observation, digital radiographs, grain-size analysis and 

continuous logging for physical properties, spectrophotometry and geochemistry. 

Radiographs were acquired with a Geotek-XCT providing a pixel size of 150 µm. Physical 

properties (gamma density, p-wave velocity, magnetic susceptibility) were acquired on 

both whole and split cores acquired with a Geotek-MSCL, magnetic susceptibility. 

Spectrophotometry was acquired with a Minolta CM 2600d with a measurement area of 

8 mm and using a daylight illuminant (D65) and a 10° viewing angle (specular 

component excluded). XRF scanning was performed with an Avaatech XRF Scanner 
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using two voltages (10 kV and 30 kV). Elemental ratios are used to determine the 

relative abundance of biogenic carbonate and detrital sources (Ca/Fe) or relative grain-

size fluctuations (Zr/Rb) (Constantinescu et al., 2015; Richter et al., 2006; Rothwell, 

2006). Grain-size analysis was conducted every ca. 10 cm with a Malvern Mastersizer 

3000 laser diffraction particle size analyser. Prior to analysis, samples were 

homogenised in a dynamic suspension for five minutes. 

Chronostratigraphy is based on radiocarbon dating of foraminifera (Tab. 2). 

Calibration into calendar ages was made using Calib8.2 software (Stuiver et al., 2018) 

and the marine calibration curve Marine20 (Heaton et al., 2020) and a ∆R=45 SD=85 

(Maboya et al., 2018; Southon et al., 2002) for reservoir age. Linear accumulation rates 

(LAR) were calculated by linear interpolation between dated depths. 

This work was based on already-published work sharing some of the data 

presented here. In the south-western area, Deville et al. (2020) present the 

characteristics of a giant slide and the expression and role of active fluid seepage in 

slope destabilization. Here, we focussed on the impact of the slide scar morphology on 

the sediment dispersion pattern. In the same area, Miramontes et al. (2020) highlight 

the role of geostrophic currents and internal waves in shaping the continental slope. 

Here, we discuss the marked contrast of sedimentation between this stable open slope 

area and the adjacent slide scar. In the same area, de Castro et al. (2021) provide a 

detailed analysis of a muddy hyperpycnite lithofacies in the upper slope sediment core 

MOZ4-CSF19 during the end of the Bølling-Allerød wet period. Here, we interpret and 

discuss the significance of these metric-thick deposits and their seismic expression on 

the upper slope. The data in the north-eastern area have never been published. 

 

4. Results and interpretation 
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The 250-m-resolution grid of the south-west Indian Ocean Bathymetric 

Compilation (swIOBC) (Dorschel et al., 2018) shows an overall smooth morphology with 

the shelf break visible between 80-100 m. The new swath bathymetry data (20 to 40 m 

resolution grid) presented in this paper unveils complex morphologies. Because the two 

study areas are distant from each other and show radically different morphological and 

sedimentological characteristics, we have presented and interpreted the results from 

the two areas separately. 

 

4.1 North-eastern slope area (38°10’E-39°10’E) 

 

Canyons 

Six canyons cut across the shelf break and slope (C1 to C7 in Fig. 3). The 

southwesternmost at 38°20’E consist of a cluster of five canyons among which three 

coalesce downstream (C1, C2, C3) and one shows a deeper intraslope head (C5). Faint or 

narrow elongated depressions, here called gullies, are visible (G1 to G4) but do not 

necessarily reach the slope break (G1 and G2). Gullies are fainter and more frequent to 

the north-east (Fig. 3). On the upper slope, canyons are in the order of 3 km wide, 300 m 

deep with an overall V-shape but show a several-hundred-metre-wide flat floor. Flanks 

are steep, commonly between 25-40°. Downslope, between 1500-2000 m water depth, 

canyons show fainter morphologies with a shallower depth in the order of 30 m, but are 

much wider, around 6-8 km. To the west, as only one canyon is visible in the mid-slope, 

we argue that the upslope canyon cluster has coalesced into a single conduit (C1-4, in 

Fig. 3). All over the slope, canyons left flank (east side), show thicker sediment 

accumulations than on the right flank (west side) (Figs 5 and 6B). Upslope, these 
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accumulations are pinching out to the east suggesting that the sediment source issued 

from the western canyons (Fig. 5B and C). 

 

Erosional features 

In addition to canyons, several kinds of erosional features are visible throughout 

the area. At the shelf break and upper slope, at around 38°42’E, the multibeam 

bathymetry unveiled a complex morphology characterised by multiple headscarps and 

incisions down to 1800 m water depth (Fig. 4 and 4A). These are indicative of sliding 

and show that upslope sediments have been evacuated (Figs 4, 7 and 8). Headscarps are 

several kilometres long with heights of 50 to 90 m and commonly show morphological 

steps characteristic of retrogressive sliding (Badhani et al., 2020; Baeten et al., 2014; Li 

et al., 2017). In the south-east (38°50’E), the open slope is not smooth and shows 

furrows or scours (ca. 5-10 m deep, 200-800 m wide) that overlap each over and 

virtually cover the whole open slope (Figs. 4 and 5A, 5C).  

 

Transparent layers: Mass-transport deposits MTDs   

Several areas along and across the slope show seismically transparent deposits. 

From upper (420 m) to mid-slope (1200 m), a transparent layer (TL1ne) starts at the 

base of a headwall and pinches out from ca. 10 m to ca. 2 m at 1200 m where its 

continuity is uncertain (Figs. 7A and 7B). On the upper slope, TL1ne extends at least 13 

km to the north-east of the canyon/slide scar, (limit of dataset), where it is gradually 

unburied and reaches the surface (Cf. highlighted in yellow on Fig. 5A 5C). It may also 

extend at least 20 km to the south-west of the canyon/slide scar, on the upper slope 

(500-700 m, (Cf. highlighted in yellow on Fig. 5B) and mid-slope (2000 m, Figs. 6A and 

6C) where a transparent layer up to 10 m thick is visible on the surface. However, the 
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genetic link is questionable because of a disruption by a canyon and slide scars (Figs 4, 

5A and 5B). 

Another transparent layer (TL2ne) starts against a headwall at 1800 m and 

extends down to 2100 m (Fig. 4). The layer is 20-30 m thick upslope and abruptly 

becomes thinner (5-15 m) between 1950 m and 2100 m (Fig. 8). Despite a gap in data, 

the headwall upslope of TL2ne seems to extend upslope at 1000 m. The rough 

morphology at the base of TL2ne suggests important erosion possibly related to the 

emplacement of the layer during sliding. The transparent deposits have filled the 

underlying depressions and the morphology at the top of the layer is smoother than at 

the base. However, swath bathymetry shows up to 5-m-high and 250-m-large blocks on 

top of the layer (Fig. 8). In areas where the transparent layer sits, seabed morphology is 

smoother than on adjacent areas because the pre-slide seabed morphology 

characterised by undulations and scours have been obliterated by the emplacement of 

the transparent layer.  

At the SBP, vertical resolution (~30-50 cm) core MOZ4-CSF13 (Fig. 9) has 

completely penetrated TL1ne (Fig. 7) and core MOZ4-CSF12 has penetrated TL2ne at 

the base of slope without reaching the underlying substratum (Fig. 8). In core MOZ4-

CSF13, intervals with evidences of sediment deformation and reworking are found 

between 5.66 and 8.54 m. They show a) mottled greenish and brownish mud possibly 

corresponding to mudclasts in a muddy matrix (5.94-6.60 m), b) layered light greenish 

grey and dark brownish grey mud and with intercalations of very fine sand to silt layers  

with intervals where layers show a 30° inclination (6.60-8.54 m). These intervals have a 

higher gamma-density than the surrounding sediment, which is a common characteristic 

of reworked sediment in Mass-Transport Deposits (MTDs) (Dennielou et al., 2019; 

Dugan, 2012). In core MOZ4-CSF12 (Fig. 9), between 3.25 and 8.05 m, bioturbated grey 
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carbonated ooze (50 to 70% foraminifera and coccoliths) with faint inclined (30°) 

laminations are indicative of reworking or tilting. The straight and oblique contact with 

the overlaying sediment (foraminifera-rich mud) and the erosive contact with the 

underlying sediment (coarse foraminifera-rich mud) are further evidence of reworking. 

Mid-slope (core MOZ4-CSF13), dating in TL1ne gave ages of 35.9 cal ka BP and out of the 

radiocarbon range, and an age of 5.9 cal ka BP in the overlaying deposits. At the base of 

slope (core MOZ4-CSF12), dating in TL2ne gave ages of 33.5 cal ka BP at 0.10 m and 10.5 

cal ka BP at 8.00 m. Age reversals are indicative of reworking and also show that both 

transparent layers are composed of glacial and post-glacial deposits. 

The emplacement, seismic characteristics, lithofacies as well as dating of the 

transparent layers, and the conjunction with headwalls are evidence of sliding and 

downslope transport (Badhani et al., 2020; Haflidason et al., 2004). Therefore, we 

interpret TL1ne and TL2ne as mass-transport deposits (MTDs). TL1ne and TL2ne seem 

to correspond to two separate MTDs rooted on different headwalls (Figs. 3 and 4). They 

may however belong to a single retrogressive sliding because they both lie at the 

seafloor and both involved glacial and post-glacial deposits. Owing to the age 

determined at the base of stratified sediment overlying TL1ne (5.9 cal ka BP), sliding 

occurred between the early and mid-Holocene (between 10.5 and 5.9 cal ka BP). 

 

Upslope to mid-slope sediment wedge 

From the shelf break to mid-slope, a downslope pinching-out sediment wedge 

overlaps the transparent layer TL1ne. It has maximum thickness of ca. 20 m close to the 

shelf break to less than 5 m at 1100 m where it is interrupted by headwalls (Fig. 7). The 

SBP facies is stratified (SLxne) with thicker strata upslope. Two stacked units have been 

identified; SL1ne and SL2ne are separated by a sharp seismic unconformity evidenced 
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by erosional truncations (Figs. 7B and 7C). At the shelf break, it shows an overall wavy 

to sigmoid shape that is rooted on the rough morphology on the underlying substratum 

characterised by glide planes and headwalls. Sliding has affected the upslope and 

thickest part of the wedge as evidenced by the occurrence of a headscarp and a 

transparent layer (Fig. 7C). After sliding, sedimentation resumed with the same wedge 

pattern (Fig. 7C). Core MOZ4-CSF13 (Fig. 9) crossed this deposit that consists of 

homogeneous bioturbated brownish grey mud with 30-40% of foraminifera and 

coccolith (Ca/Fe = 0.15-0.25), less carbonated than downslope pelagic deposits (Ca/Fe = 

1.0-20). Radiocarbon dating at the base of the lithofacies gave an age of 5.9 cal ka BP 

(Tab. 2) showing that the wedge was emplaced during the Late Holocene with LAR of 80 

cm.ka-1 between 5.9-0.9 cal ka BP and a maximum of 226 cm.ka-1 between 0.9 cal ka BP 

and Present. 

 

Undulation pattern in stratified deposits 

Several types of undulation are visible both on the seabed morphology and in the 

stratified sediment between 1000 m and 2300 m (Figs. 5, 6, 7, 8 and 10). Their 

expression on the seabed appears discontinuous because the morphology is also cut 

across by channels and is partly obliterated by transparent deposits (Fig. 6). Although 

the SBP line is oblique to the slope, the bathymetry shows that from mid-slope to the 

base of slope, undulation crests seem parallel to the slope (Figs. 6 and 10). Between 

1600 m and 1900 m water depth, undulation wavelength from bathymetric data range 

between of 2.7-1.1 km with wavelength decreasing downslope and height is less than 5 

m (Fig. 6C). Undulations are dominantly asymmetrical. The gentle side faces upslope and 

is characterized by a bigger accumulation than on the steep slope, as suggested by strata 

thickness, leading to an overall upslope migration of the wave crests (Figs 6A and 6C). 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Gentle (stoss) sides are between 0.5-1.0 km long and have a dip around 0.15°, steep (lee) 

sides are between 1.0-1.5 km long and have a dip around 0.44°. Between 1900 and 2000 

m, seabed morphology is dominated by across-slope channels and ridges with 

undulations on the ridges and along-channel flanks (Figs 6A and 6B). Sediment 

accumulation, together with undulations, occurs preferentially on the eastern flank of 

channels while the western flank is erosional. Between 2000 m and 2100 m, undulations 

are slightly asymmetrical and also show an upslope migrating pattern with a wavelength 

between 0.5 km and 1 km and height up to 10 m (Fig. 10A and 10C). Gentle (stoss) sides 

are between 0.2-0.4 km long and have a dip between 0.91-1.68°, steep (lee) sides are 

between 0.3-0.6 km long and have a dip between 1.49-1.96°. 

At the deepest part, to the east, between 2100 m and 2200 m, undulations form 

spoon-shaped or elongated amalgamated giant scours parallel to the slope with 

dimensions in the order of 2-5 km long, 1-2 km large and 20-40 m deep (Fig. 10A and 

10B). In contrast to the other undulations, the morphology of the scours is dominated by 

an erosional pattern with a steep erosive downslope facing flank and a gentle upslope 

facing flank. On the SBP, the seabed high amplitude reflection in the scours is 

interpreted as hard ground or sandy deposits related to erosion or lag deposits 

(Dennielou et al., 2009) whilst the stratified facies between scours is interpreted as 

predominantly depositional processes (Fig. 10B). Deposits between the scours were 

sampled in core MOZ4-CSF11 (Fig. 9). Lithofacies consist dominantly of grey carbonate-

rich ooze (60-80% foraminifera and coccolith). Radiocarbon dating gave late glacial ages 

(35.0 to 42.3 cal ka BP) with a LAR of 75 cm.ka-1. Noteworthy is the age of 35.0 cal ka BP, 

found at the top of the core, suggesting that sediment by-pass or erosion has occurred 

between the scours since the last glacial period. Deposits are also characterised by eight 

coarse beds (silt to coarse sand) up to 5 cm thick (Fig. 9). The beds commonly show a 
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basal erosional contact and normal grading but are not overlapped by a muddy layer. 

Sand is dominantly composed of lithogenic material with a few shell fragments and 

vegetal debris. These intervals are interpreted as gravity deposits, possibly top cut-out 

fine-grained turbidites because muddy to clayey layers are absent (Stow and Piper, 

1984). 

 

4.2 South-western slope area (19°40S-36°40E) 

 

Stable continental slope 

Unlike in the north-east, this part of the margin does not display any canyons. 

Instead, it shows a margin-scale, smooth morphology on the upper slope with a deeper 

and abrupt shelf break around 105 m water depth (Fig. 11A). The seabed does not show 

evidence of sliding (Fig. 11A). However, two major morphological features are visible. A 

ca. 240-m-wide channel, up to 13 m deep and about 60 km long, runs along the upper 

slope at ca. 160 m water depth (Figs 11A and 11C). This erosional feature was 

interpreted as the result of interaction between the seabed and internal waves 

propagating in the pycnocline near the upper slope (Miramontes et al., 2020). At the 

shelf edge, between 100 m and 135 m water depth, the seabed shows a discontinuous 

rough morphology, up to 3 km wide, which runs more than 30 km along the slope (Fig. 

11A and 11C). SPB data show a higher amplitude seabed reflector than in adjacent areas 

and an acoustic mask preventing sound penetration. This is indicative of high impedance 

and therefore of hard substratum. Detailed morphology shows that the structure is 

composed of multiple pinnacles about 150-350 m wide and 10-15 m high (Figs. 11C and 

13C), which can be interpreted as a drowned coral reef plateau, possibly the last glacial 

analogue to those forming the Primeiras and Segundas Archipelago in the north-eastern 
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part of the margin. Between 135 m and 600 m water depth, across the slope, the SBP 

facies (SL1sw) is dominantly transparent with slight stratification, parallel to the seabed 

at mid-slope between 400 m and 600 m, pinching out between 400 and 135 m (Fig. 

13C). It is overlapped by a thin, ca. 2 m thick high-amplitude interval (HL) that reaches 

the seabed. A prominent high amplitude reflector (R) with downslope increasing depth 

is traced throughout the Zambezi upper slope and lies at ca. 6 m depth at 315 m water 

depth (Figs. 13B and 13C). On the upper slope it is truncated by the incising channel and 

the erosive contourite terrace (Miramontes et al., 2020), while along slope it is 

interrupted at 19°35 S and 18°50 S by major slides rooted on the upper slope. 

Core MOZ4-CSF19, 9.50 m long, 315 m water depth, has penetrated through the 

shallow stratified high amplitude interval (HL), crossed reflector R and penetrated the 

upper part of the SL1sw facies. Lithofacies varies accordingly to the SBP facies. At the 

top of the core, the shallow interval (HL) corresponds to 2-m-thick sequence of well-

sorted coarsening sand (33 to 90%) characterised by a maximum median grain size of 

153 µm. This interval of coarse sediment is dominantly composed of lithics (quartz, 

micas) with planktonic foraminifera and various shell fragments. Radiocarbon dating 

shows that it was deposited during the Holocene after 9.1 cal ka BP with a LAR of 33 

cm.ka-1. This lithofacies was interpreted as winnowed sediment reworked under 

enhanced bottom current and is a lithostratigraphic expression of a contouritic terrace 

described on the upper slope (100-300 m) (Miramontes et al., 2020; van der Lubbe et al., 

2014). 

The SL1sw facies corresponds to dominantly structureless muddy lithofacies 

characterised by a dominant proportion (80-90%) of fine lithics (clay, quartz, micas) 

and a low proportion of biogenic fraction (foraminifera, shell debris). Radiocarbon 

dating as well as correlation with magnetic susceptibility from core 64PE304-88 at a 
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similar location (van der Lubbe et al., 2014) and the deeper core MOZ4-CS17 (Zindorf et 

al., 2021) shows that the sequence was deposited during the Last Glacial Maximum, and 

during the last deglacial and sea-level rise period. Between 470 cm and 570 cm, the 

lithofacies is more lithogenic (low Ca/Fe ratio) and consists of nine silty-clay to silt 

layers (1-3 cm thick) sometimes showing reverse grading. This 1-m-thick interval is 

interpreted as muddy hyperpycnite (de Castro et al., 2021). Interpolation between 

bracketing radiocarbon dating and correlation with nearby dated sediment cores (van 

der Lubbe et al., 2014; Zindorf et al., 2021) allows to attribute the interval an age around 

the Bolling-Allerod, between ca. 14.8-12.8 cal ka BP (Fig. 15). 

 

Slided continental slope 

Further south-west, the overall smooth morphology is disrupted by slide scars 

and mass transport deposits rooted around 100-105 m water depth and extending along 

the margin over more than 30 km, beyond our dataset (Figs. 11A and 11B). The slide 

shows across-slope alternations of corridors and blocky ridges, several kilometres wide 

and up to 130 m deep (Fig. 13). Detailed presentation and analysis of this mass wasting 

morphology can be found in Cattaneo et al. (2019) and (Deville et al., 2020). Across-

slide, SBP facies show marked contrasts between topographic highs and lows. On the 

highs, and on the adjacent stable slope, SBP facies SL1sw is stratified (Fig. 13A). It shows 

several high-amplitude reflectors and a gradual attenuation of sound penetration, in the 

order of 50 ms twtt. Outside the slide scar, facies, SL1sw is characterised by high-

amplitude pinching-out reflections, as shown by truncated strata indicative of seabed 

erosion. In the slide scar, SL1sw facies is visible although less stratified than outside the 

scar. On the scar highs the SL1sw facies outcrops on the seabed, at least at the SBP 

resolution, suggesting that no sediment was deposited since the slide occurred. The slide 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



scar is filled by a layer (SL2sw) showing a draping pattern and characterised by a 

stratified to transparent facies with medium amplitude reflectors parallel to the 

morphology of the underlying substratum (Figs. 13A and 14). It fills the lows in the slide 

scar but is not observed close to the slide headwall at depths shallower than 240 m 

(Figs. 13). Its thickness ranges between 15 and 25 ms twtt (11-19 m) and becomes 

thinner to the east and downslope where the stratification vanishes and where the layer 

disappears around 700 m water depth. It is generally not observed along the highs 

(ridges) but can occur as thin deposits, in the order of a few milliseconds (less than 5 m), 

on some highs in the slide scar (Figs. 12A and 13).  

Core MOZ4-CSF18, 9.41 m long, was collected in the slide scar at 410 m depth. It 

has penetrated throughout half of the SBP facies SL2sw (Fig. 13A). The lithofacies (Fig. 

9) consists of homogeneous dark greenish-grey mud with dominant lithic fractions 

(quartz, micas) and a few shell fragments and foraminifera. Grain size distribution 

shows a low silty fraction and two modes at 4 µm and 69 µm. Both modes are very 

similar to grain-size lithics end members determined in the study area by (van der 

Lubbe et al., 2014) and confirm a dominantly lithogenic composition. The median grain 

size decreases gradually along the core from base to top and corresponds to a gradual 

increased abundance of the fine mode relatively to coarse mode. Radiocarbon dating 

(Tab. 2 and Fig. 9) gave a Holocene age of 6,8 cal. cal ka BP at the base of the core with 

sedimentation rates ranging between 116 cm.ka-1 and 165 cm.ka-1 (Tab. 2 and Fig. 9) 

which, if extrapolated to the base of facies SL2sw, suggests that draping in the slide scar 

started around 10.8 cal ka ago at the onset of Holocene. This age may therefore be the 

age of the slide. However, this is also the age attributed to the rapid flooding of the 

Mozambique shelf and retreat of the shoreline during the sea-level rise that followed the 
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Younger Dryas (YD) sea-level slowdown (Abdul et al., 2016; Bard et al., 2010) and lead 

to a major reorganisation in the sediment dispersal pattern (van der Lubbe et al., 2014). 

 

5. Discussion  

Considering the large extent of this Mozambique margin, our dataset is indeed too 

sparse to capture the full variability of along and across-slope morphologic and 

stratigraphic features, and sedimentary processes. This is particularly the case in the 

north-eastern area where the sediment wedge, slides and sediment waves are mostly 

imaged by only one or two track lines. This is insufficient to determine volumes or 2D 

lateral trends but suffices to adequately characterise sedimentary processes particularly 

with the support of ground-truthing by coring. These scattered evidences also allow to 

highlight the marked contrast in the sedimentation pattern between the north-eastern 

and south-western areas.  

 

5.1 Imprint of climate-induced sedimentation changes in the sedimentary strata 

Seismic is a powerful tool in visualizing sedimentary bodies and strata over 

hundreds of metres. On continental margins, the pattern and geometry of reflectors 

outline bounding surfaces and architectural elements that define sequences and provide 

information on the sedimentary dynamics forced by accommodation and the 

sedimentary flux (Vail et al., 1977). However, the significance of reflectors in stratified 

facies inside architectural elements, remains unknown because it relies on multiple 

factors, indeed related to sediment composition, but also post-depositional processes 

(Nittrouer and Kravitz, 1996; Weaver et al., 2006). 

On the Zambezi slope, stratified layers (SL) as seen on SBP data, are frequent (Fig. 

15). In the south-west area, our data show a prominent reflector (R) that lies at ca. 4-6 m 
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below the seafloor, and can be tracked between 150 and 900 m water depth along a 

distance of ca. 150 km to the north-east and up to 20 km across the Zambesi slope for a 

surface of around 2000 km2 (Fig. 16). This suggests a major change in  sedimentation 

that would have affected the whole margin. Several sediment cores (Schefuß et al., 2011; 

van der Lubbe et al., 2014; Zindorf et al., 2021), including our core MOZ4-CSF19 (Figs 9 

and 15) have penetrated the reflector and show that it corresponds to 1-2-m-thick 

deposits characterised by high-magnetic susceptibility and a high Fe/Ca ratio 

interpreted as increased detrital input deposited at the end of the Bolling/Allerod and 

transition to the Younger Dryas.  

To the south-west of the Zambesi mouth the detrital pulse occurred during the 

B/A (Fig. 15) (van der Lubbe et al., 2014), while to the north-east, it seems to have 

occurred later at the B/A-YD transition (Schefuß et al., 2011; van der Lubbe et al., 2016). 

It is attributed to wetter conditions in the Zambezi catchment (Schefuß et al., 2011) with 

a high Zambezi runoff (van der Lubbe et al., 2016). The occurrence of silt layers with 

reverse grading interpreted as muddy hyperpycnites in this interval in core MOZ4-

CSF17 (de Castro et al., 2021), confirm the close relation with the Zambezi runoff and a 

direct export of river borne sediment onto the slope. Because seismic reflectors 

correspond to contrasts in the sediment impedance (i.e. in physical properties and 

composition), and owing to the SBP vertical resolution (ca. 30 cm), we argue that the 

high amplitude reflector marks the transition between the sediment deposited during 

the transition between the Bolling-Allerod and the Younger Dryas and the period of 

reduced sedimentation on the slope ensuing the flooding of the shelf during the 

meltwater pulse 1B sea-level rise (van der Lubbe et al., 2014). It is noteworthy that the 

reflector is less or not visible north of 18°50’S despite the occurrence of the detrital 

pulse in core GeoB9307 (Schefuß et al., 2011) (Fig. 16). This area is characterised by an 
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abrupt and shallow, shelf-slope transition and a steeper outer shelf that reduced the 

extension of the flooded shelf between the Bolling-Allerod (ca. 80 m water depth) and 

the beginning of the Holocene (ca. 40 m water depth) as shown in Fig. 16. As a result, the 

flooding of the shelf and sediment starvation of the upper slope occurred later in the 

north-west area and was delayed at ca. 10 cal ka BP (van der Lubbe et al., 2014), thus 

sustaining high sedimentation rates on the slope after the detrital pulse. We argue that 

in this area the sediment impedance contrast is too weak to generate the high amplitude 

reflector. 

This outlines that climatic conditions in the Zambezi River watershed have 

significantly imprinted margin stratigraphy. The prominent reflector is therefore a 

remarkable slope-wide, 1-2-m-thick stratigraphic marker of the Bolling-Allerod and 

Younger Dryas climatic oscillation and ensuing sea-level rise. However, the reflector 

does not extend onto the outer shelf where it pinches out and is interrupted by an 

erosional channel, a dominantly erosional contourite terrace and outcropping carbonate 

reefs (Fig. 13) (Miramontes et al., 2020), suggesting that the energetic oceanic 

circulation may have hampered its preservation after the flooding of the shelf. 

 

5.2 Thick Holocene muddy deposits on the upper slope, interaction between 

currents and seabed morphology 

Further to the flooding of the Zambezi shelf after ca. 11 cal ka BP, the locus of 

sedimentation dominantly shifted from the slope onto the inner shelf with a deflection 

to the upper slope under cyclonic oceanic circulation (Schulz et al., 2011; van der Lubbe 

et al., 2014; Wiles et al., 2017). Our data confirm the development of important Holocene 

deposits on the upper slope in the north-east (Figs. 7 and 5C) and south-west areas (Fig. 

13A). These match the location of the muddy deposits shown in Schulz et al. (2011) and 
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redrawn after (Beiersdorf et al., 1980). However, the two deposits show considerable 

differences in terms of shape, emplacement and composition.  

In the north-east area, the dominantly detrital composition (Ca/Fe = 0,1) of the 

sediment wedge indicates a clear fluvial source. The sediment wedge pinches out 

downslope to the SE and to the NE (Figs. 5 and 7) showing that the sediment was 

advected from the south-west by the north-east clockwise flowing shelf circulation (Fig. 

5) and that the wedge developed along the flow, along and across the slope as a 

consequence of the narrowing of the shelf (Schulz et al. 2011). Pinching-out deposits 

(Fig. 5C) mimic the underlying undulated pattern, further suggesting that bottom 

currents are the main forcing on these deposits, confirming therefore that the whole 

sedimentary body is a mud belt and more specifically a wedge mud belt sensu Hanebuth 

et al. (2015). Recent sliding at the thickest part of the mud wedge (Fig. 7) is interpreted 

as a consequence of the high accumulation rates that possibly occurred around 4-5 m.ka-

1 providing that sedimentation started after the flooding of the shelf at ca. 11 cal ka BP 

(van der Lubbe et al., 2014). 

In the south-west, the muddy deposit (SL2sw) lies in the slide scar and is 

restricted to the lows in the scar showing that accumulation could not occur on the most 

elevated areas and was focussed in the scar depression. The morphology is that of a 

drape, but the deposit is thicker (20-25 m) around 400-600 m water depth to gradually 

become thinner (< 5m) around 700-800 m water depth. The high pelagic composition, 

calcareous nannoplankton ooze (Ca/Fe = 1), suggests that accumulation did not involve 

a dominantly detrital material, like in the north-east area, but mostly hemipelagic 

material from the adjacent slope. This muddy deposit contrasts remarkably with the 

high energy deposits of the adjacent slope characterised by an erosive channel and a low 

accumulation of coarse-grained contourite terrace indicative of high energy driven by 
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geostrophic currents (Miramontes et al., 2020). The slide scar therefore corresponds to 

a low energy area sheltered from the adjacent vigorous bottom current. The Holocene 

deposit in the scar may result from the focussing and accumulation of sediment 

winnowed from the adjacent slope. The deposit shows a slightly convex morphology 

with the thickest accumulation (20-25 m) at 400-600 m water depth which is also the 

depth where is located the maximum accumulation, on the plastered drift on the 

adjacent slope (Miramontes et al., 2020). Consequently, the deposit is not a mud belt 

because sediment deposition is not supplied by the advection of fluvial sediment. It 

belongs to the family of contourite drifts, similar to the adjacent plastered drift, but fed 

from winnowing of adjacent slope sediment to the north-east and whose morphology is 

controlled by the interaction of bottom currents, possibly low energy, with the slide scar 

rough morphology. 

 

5.3 Post-glacial concomitant varied size slides at the Zambezi margin 

Landsliding is a geological process widespread on continental margins and 

contributes to the dispersal of sediment (Masson et al., 2006). Landslides show a great 

variety of size and distribution in time. This is the consequence of the complex 

interaction between several preconditioning conditions and triggering mechanisms. On 

a global scale, their timing and emplacement shows random distribution with no robust 

statistical correlation with sea-level fluctuation or rapid slope sedimentation (Urlaub et 

al., 2013), therefore making it difficult to attribute straightforward causes. The Zambezi 

margin extends over 600 km and exhibits abundant slides or Mass Transport Deposits 

mostly during and after the Mid-Pleistocene Transition, possibly correlated to glacial 

marine regressions (Ortiz et al., 2016). In the two study areas, recent subsurface slides 

and slope sedimentation show striking differences, but also similarities, questioning the 
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interplay between preconditioning factors and triggering mechanisms leading to sliding 

on this margin. 

Differences 

- A difference lies in the volume of sediment involved in sliding. In the south-west 

area, the margin shows one well-developed scar, up to 100 to 150 m high and 50 

km long (Cattaneo et al., 2019; Deville et al., 2020), and in the north-east area it 

shows several nested scars, 10 to 90 m high and up to 20 km long (this study). 

These characteristics suggest that the volume involved in the mass wasting was 

four times superior in the south-west area. 

- A difference lies in the slope gradients of the upper slope with a lower average 

slope of 3° in the south-west area and a higher average slope of 5° in the north-

east area between 200 m and 1000 m water depth. 

- A difference lies in the sedimentation rates of the two areas. In the south-west 

area, sedimentation rates range between 1-2 m.ka-1 at a water depth between 

300-600 m during the last glacial and early deglacial periods before shelf flooding 

(Fig. 9) (van der Lubbe et al., 2014; Zindorf et al., 2021). The rates decrease 

gradually to the north-east to less than 0.5 m.ka-1 at 18°15’S (van der Lubbe et al. 

(2014) and 0.1 m.ka-1 around 17°45S (Schulz et al., 2011; Van Campo et al., 

1990). This suggests even more reduced mid-slope sedimentation rates in our 

north-east study area, in relation to depleted detrital input as shown by the 

foraminifera ooze deposits at the base of slope (core MOZ4-CSF11, Fig. 9). This is 

consistent with the shift of the Zambezi river depocentres into the intermediate 

basin, to south-east of the Mozambique margin during the Late Pleistocene 

(Fierens et al., 2020) .  
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- A difference lies in the occurrence of pervasive fluid seepages and pockmarks 

along the south-western margin but not in the north-east area. They are 

interpreted as the expression of fluid overpressure related to the huge 

accumulation of sediments below the Zambezi platform (Deville et al., 2020). It 

was shown that the south-west sliding is a gradual, maybe ongoing, process as 

suggested by the gradual change in seabed morphology between the adjacent 

stable area and the slide (Deville et al., 2020). 

 

Similarities 

- The subsurface morphology of both slides shows that sliding is recent in both 

areas because scars are not buried. This is confirmed by the extrapolated early 

Holocene age (10.8 cal ka BP) of the drape sealing the slide in the south-west area 

and by the occurrence of early Holocene (10.5 cal ka BP) material involved in the 

TL2ne, and the mid-Holocene age (5.9 cal ka BP) at the base of sediment wedge 

overlapping TL1ne in the north-east area(Fig. 9). 

- Regarding the age of destabilized material, in the north-east area the sediment 

involved in the TL1ne is older than 43.5 cal ka BP (Fig. 9), and of glacial (3.4 cal 

ka BP) to early Holocene (10.5 cal ka BP) ages in the TL2ne (Fig. 9). In the south-

west area, the chronostratigraphy of adjacent stable material (Fig. 9 and van der 

Lubbe et al., 2014 and Zindorf et al., 2021) shows that a similar late glacial age to 

early Holocene (10.8 cal ka BP) ages can be expected for the destabilized material 

(Figs 13 and 14). 

Despite drastic different preconditioning factors in terms of slope gradient, 

sedimentation rate and fluid circulation, the two areas experienced sliding at the same 

period of time and for the same stratigraphic interval. This raises the question of 
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common preconditioning or triggering mechanisms that can affect simultaneously the 

whole margin. Three mechanisms meet the criteria: (1) the last glacial sea-level rise, 

which drove changes in sediment hydrostatic pressure and (2) in the sediment dispersal 

pattern with the post-glacial onset of sediment starvation on the slope and erosion on 

the upper slope and possibly at the base of slope under vigourous bottom current 

movement; (3) earthquakes that can shake the whole of the margin and modify pore 

pressure and sediment strength. Our data do not permit to solve this issue but their 

pertinence could be discussed in the light of sedimentological and geological settings.  

The fact that sliding occurred in both areas around the end of the last deglacial 

sea-level rise suggests that water loading has played a role. Water loading during sea-

level rise can generate transient excess pore pressure, therefore reducing sediment 

strength and leading to failure (Smith et al., 2013). This process is invoked as triggering 

mechanisms, particularly on slopes where excess pore pressure related to high 

sedimentation rates (Sultan et al., 2004) is further increased by water loading (Smith et 

al., 2013; Trincardi et al., 2003). This triggering mechanism would perfectly apply to the 

south-western area slope slide where fluid migration and seepages are interpreted as a 

preconditioning or even a triggering mechanism of the megaslide slide (Deville et al., 

2020). One can argue that the last sea level rise acted as the external triggering 

mechanism, providing the last “kick” to the sediment already close to failure. This 

mechanism does not apply to the north-eastern slides characterised by low glacial 

sedimentation rates (i.e. reduced sediment load) and no evidence of excess pore 

pressure and fluid migration.  

The post-glacial change in sediment dispersal drastically increased sediment 

loading in the north-east area during the Holocene highstand. This is evidenced by the 

development of a wedge mud belt on the upper slope (Fig. 7). Thus, although sediment 
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loading was significantly lower than in the south-west area of the margin during the 

lowstand, the increase during highstand, together with the concomitant decrease in the 

south-west area, may have rebalanced preconditioning by sediment loading over the 

margin and thus the sensitivity to external trigger mechanisms. This may however have 

had a limited impact, because the development of the mud wedge occurred mostly after 

the sliding (Fig. 7). 

Sliding is very common in contouritic deposits regardless of the latitude or 

sediment composition (Laberg and Camerlenghi, 2008; Miramontes et al., 2018). The 

convex shape of drifts develops areas of high slope gradient where sliding may initiate. 

This is particularly the case in plastered drifts where the deep water part of the drift 

commonly shows a moat characterised by a high slope gradient and reduced 

sedimentation rates or even erosion, making this area the most prone to fail 

(Miramontes et al., 2018). The plastered drift that develops along the Mozambique slope 

shows steep flanks and a moat around 2800 m water depth formed by the MUC (Wiles et 

al., 2017). Although this bottom current was probably perennial throughout glacial and 

interglacial periods, the water-mass interfaces have fluctuated. The NADW is an 

important component of the MUC (Miramontes et al., 2019b)(Fig. 1). It was reduced 

during the last glacial because of decreased deep water formation in the North Atlantic 

(Bergh et al., 2021), and was possibly replaced by the northward extension of a less 

vigorous Antarctic Bottom Water (AABW) (Breitzke et al., 2017) (Fig. 1). Thus, the post-

glacial reactivation of vigorous bottom circulation at the base of the Mozambique slope 

may have enhanced erosion and developed favourable prerequisite conditions for 

sliding. It is however too bold to consider that an enhanced post-glacial erosion at the 

base of slope may be the margin scale triggering mechanism of the early Holocene slides 

in the north-east and south-west areas.  
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To the north of the study area, offshore Tanzania, tectonic movements and 

earthquake swarms related to the East African Rift System (EARS) played a major role in 

the routing of the deep-water drainage network during the Cenozoic (Dottore Stagna et 

al., 2022; Maselli et al., 2020b). Large-scale mass wasting during the early-mid Miocene 

is coeval with cratonic rifting in Tanzania and attributed seismicity and enhanced 

sediment supply (Maselli et al., 2020a). The Mozambique-Zambezi margin is surrounded 

by faulted and seismogenic areas that constitute the southern extension of the western 

branch (onshore) and eastern branch (offshore) of the EARS (Deville et al., 2018; Franke 

et al., 2015; Grimison and Chen, 1988) (Fig. 1). The offshore seismogenic areas extend 

from the Davie Ridge to the Eparse Islands and correspond to an active fault array that 

reaches the seabed (FIg. 1) (Deville et al., 2018). Western and Eastern EARS 

earthquakes, with magnitudes up to 7 may thus have exerted a control on the trigger of 

Holocene landslides on the Mozambique-Zambezi margin despite a distance exceeding 

several hundred kilometres. It has however been pointed out that the passage of seismic 

waves from remote earthquakes of magnitude 5.5 are able to trigger submarine 

landslides at a distance as far as 1600 km (e.g. Gulf of Mexico, Fan et al., 2020), 

suggesting therefore that EARS seismicity likely exerted a control on recent mass 

wasting on the Mozambique-Zambezi margin like offshore Tanzania. However, because 

shaking from distant earthquakes must be homogenous throughout the study area, it 

discards the likeliness of simultaneous failures of areas with drastically different 

sedimentary settings and preconditioning factors like the north-eastern and south-

western areas. Because the two areas show very contrasted morphological and 

sedimentological settings, it is thus difficult to find a common triggering mechanism for 

the slides. However, it has been pointed out that large slides commonly occur in high 

sedimentation rate settings (Talling et al., 2014), and Stoecklin et al. (2017) show that 
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the occurrence and size of slides is actually controlled by the slope sedimentation rate. 

For a given sediment type on a given slope, in the case of thick accumulation, the gradual 

loss of permeability of the sediment will result in overpressure that increases more 

rapidly in high accumulation rate settings (Sultan et al., 2004). Thus, effective stress will 

increase at a slower rate with depth whereas shear stress will continue to increase 

proportionally to the deposited mass, leading to intervals weaker than those close to the 

surface (Stoecklin et al., 2017). In the case of shaking by an earthquake, failure will occur 

at the weakest layer that will be deep in the case of a high accumulation rate, like in the 

south-western area and shallow in the case of a low accumulation rate like in the north-

western area. This process pleads therefore in favour of earthquake triggering in a 

context of favourable preconditioning factors.  

 

5.4 Imprint of bottom current, from sediment waves to scours 

Between 1500 m and 2200 m, undulations seem to form a continuum with scours 

and short wavelength sediment waves in the deeper area and long wavelength sediment 

waves in the shallow area. Both sediment waves and scours are parallel to the slope, 

raising the question of a common forcing, possibly related to bottom current running 

across the slope. Such seabed morphologies can be formed beneath geostrophic flows 

and turbidity currents (McCave, 2017) and show a wide range of size and characteristics 

(Symons et al., 2016). Sediment waves with 2 km wave length (1850 m) were sampled 

in the nearby 12.6 m long sediment core MD79-254 (Schulz et al., 2011; Van Campo et 

al., 1990). Because no lithologic description was provided, it was not possible to say if 

deposits related to turbidity currents exist. However, continuous chronostratigraphy 

based on oxygen isotopes of globigerinoides rubber (white) shows an average 

sedimentation rate of 4.8 cm.ka-1 over the last 260 ka (Lemoine, 1998) and suggests a 
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dominantly hemipelagic sedimentation. Extrapolation of chronostratigraphy shows that 

sediment waves developed during the Pleistocene, at least during the last 1 Ma and are 

therefore related to a perennial hydrodynamic process. They could find their source in 

lee waves (Flood, 1988) related to the interaction between the northward flowing MUC 

formed by the AAIW and AABW and the seabed morphology . The wave crests are 

roughly parallel to the slope and the upslope migrating pattern suggests the 

contribution of downslope bottom current, not compatible with the expected overall 

along-slope bottom circulation. However, sediment wave formation by lee waves is a 

complex process that involves both across and along crest currents that can lead to 

sediment wave crests oblique to the bottom current (Blumsack, 1993; Blumsack and 

Weatherly, 1989). Furthermore, in the Mozambique channel, bottom circulation is an 

unsteady phenomenon with contribution from surface circulation in the form of eddies 

that can affect the whole water column, reach the seabed with high velocities and even 

revert the northward transport related to the MUC (de Ruijter et al., 2002; Miramontes 

et al., 2019b; Schouten et al., 2003; Ullgren et al., 2012). Sediment wave crests parallel to 

the slope may thus be compatible with the complex fluctuating bottom current pattern 

in the area. Downslope decreasing wavelength may correspond to a growing angle 

between the wave crest and the local mean flow orientation (Blumsack and Weatherly, 

1989). 

Giant scour fields as described here are common features at the base of slopes 

worldwide (Bonnel et al., 2005; Carvajal et al., 2017; Macdonald et al., 2011; Symons et 

al., 2016; Wynn et al., 2002) including the Mozambique margin (Breitzke et al., 2017). 

They are commonly associated with turbiditic channel terminations and interpreted as 

forming after a hydraulic jump or flow relaxation related to flow expansion or a break in 

slope (Pohl et al., 2019; Symons et al., 2016) and may form from flows that are only 
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weakly supercritical, cf. Symons et al. (2016). Indeed, the occurrence of turbidites in the 

sediment between the scours, thought infrequent, together with scour orientation 

suggests that across slope sediment-laden flows (turbidity currents) are involved in 

seabed scouring. The source of turbidity currents remains speculative but several small 

canyons and gullies on the upper slope (Fig. 3) suggest that sediment-laden flows have 

occurred across the slope. Furthermore, slides commonly evolve into turbidity currents 

at the base of slope (Clare et al., 2014; Piper et al., 1999), therefore recurrent slides and 

MTDs upslope the scour field (Figs 4, 5, 7 and 8) may have evolved into turbidity 

currents at the base of slope. The actual low number of turbidites found in the scour 

field (only eight during the last glacial period) is consistent with upslope recurrent 

sliding but also with the overall scarcity of terrigeneous sedimentation in the north-east 

area of the Mozambique margin during the Late Pleistocene (Fierens et al., 2020). There 

is an apparent continuity between the scours and the adjacent field of sediment waves 

to the west (Fig. 10). The evolution of turbidity current is driven by the slope gradient 

and particularly by abrupt changes in the slope gradient (Meiburg and Kneller, 2010; 

Pohl et al., 2020). As already evoked (Symons et al., 2016), we argue that a seabed with 

pre-existing short wavelength sediment wave morphology could drive local 

accelerations and decelerations of across slope turbidity currents. Flow characteristics, 

changing alternatively from critical to supercritical with sequences of deposition and 

erosion and hydraulic jumps would lead to the development of the field of scours rooted 

on a pre-existing field of sediment waves. 

 

5.5. Atypical sediment depocenter on the Zambezi margin: Where and when? 

Sediment is deposited nearly everywhere and at any time on continental margins. 

However, the locus and volume of deposition vary greatly with the distance to the 
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sediment source, accommodation, energy in the water column and seabed morphology. 

On the Mozambique margin, sea-level fluctuation is the major control on the location of 

main depocenters. Deposition occurs dominantly on the upper slope during sea-level 

lowstand, when the shelf is exposed and the Zambesi mouth is close to the outer shelf, 

and dominantly on the inner shelf during sea-level rise and highstand when the shelf is 

inundated (Schulz et al., 2011; van der Lubbe et al., 2014). Bottom current is a secondary 

but significant control on slope sediment dispersal as evidenced by the development 

during the highstand of an erosional terrace on the upper slope and of a plastered drift 

mid-slope (de Castro et al., 2021; Miramontes et al., 2020; Thiéblemont et al., 2019) and 

of a mud belt along the inner shelf (Beiersdorf et al., 1980; Schulz et al., 2011). In 

addition, though our data do not cover the whole Zambezi margin and are restricted to 

the sediment penetrated by short sediment cores and SBP seismic, we show that the 

morphology of the shelf and of the seabed also substantially control the pattern of 

sediment dispersal. 

In the north-east, the narrowing of the margin to less than 30 km limits the lateral 

expansion of the mud belt so that sediment is diverted onto the upper slope (Beiersdorf 

et al., 1980; Schulz et al., 2011). This led to the emplacement of an, at least, 50-m-thick 

wedge mud belt that developed onto the upper slope during the Holocene (Fig. 7). Such 

developed deposit is commonly restricted to lowstand periods owing to the proximity of 

the upper slope and river mouth (Rabineau et al., 2005; Sierro et al., 2009). It is 

noteworthy that the sediment wedge exhibits slide scars, showing that mass wasting 

occurred during the early Holocene, concomitant to the development of the wedge and 

possibly sediment loading (Fig. 7), which is also a common characteristic of continental 

slopes during lowstand sediment loading (Badhani et al., 2020). This atypical 

emplacement on the north-east Mozambique upper slope is indeed a consequence of the 
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narrow shelf but, above all, it lies on the development of a north-east extension of the 

Zambezi subaqueous delta “mud belt” under vigorous coastal circulation. Thus, the mud 

belt acts as a river-borne sediment point source exported onto the upper slope, a similar 

configuration to that along most of the Zambezi upper slope during lowstands. 

To the south-west, the origin of the thick Holocene deposit on the upper slope 

(Figs. 12, 13 and 14) lies in the focussing and trapping of sediment in the slide scar by 

bottom currents. The relative high biogenic and low lithogenic content pleads for a 

source from the winnowing of hemipelagic sediment from the adjacent northern slope 

by the MC to the north-west. This conjunction, already described on the Israeli margin 

(Ashkenazi, 2021), led to an atypical and significant locus of Holocene deposit on the 

upper slope. This kind of deposit, characterised by Holocene continuous high-rate 

sedimentation and high biogenic content is rather uncommon on upper slopes and holds 

therefore great potential for paleoenvironmental studies. 

 

6. Conclusions 

We examined the sedimentation pattern in the south-west and north-east of the 

Zambezi upper slope to base of slope during the last glacial, deglacial and Holocene 

periods. Although sea level is the dominant control on the deposits, we show contrasted 

patterns that are a direct consequence of bottom currents, climate and sliding (Fig. 17). 

We show that: 

- The Zambezi margin exhibits Holocene expanded sedimentation loci on the 

upper slope that are atypical for a wide-shelf river-fed margin during highstands. 

On the north-east upper slope it shares features such as sediment loading and 

sliding that are common characteristics of lowstand river-fed slopes (Badhani et 

al., 2020), but here this happened during the Holocene and it is a direct 
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consequence of oceanic circulation along the inner shelf. The south-west 

hemipelagic deposit trapped in the slide scar is a real outsider with regard to 

sequence stratigraphy principles and is a consequence of the interaction between 

oceanic circulation and seabed morphology. These deposits outline the 

significant role played by bottom currents in dispersal on continental margins, in 

such a way, that it can mimic lowstand deposits on the upper slope or enhance 

accumulation when interacting with seabed morphological irregularities. Similar 

deposits on outcrops with scarce paleoenvironmental constraints may mislead 

the interpretation in terms of paleo sea level. 

- Though the fluctuations of sea level controlled the emplacement of deposits on 

the slope, bottom current exerts a significant control on the pattern of deposition. 

These formed upslope migrating large sediment waves that developed over 

several climatic cycles, consequently displaying the perennial and steadiness of 

bottom current on the Zambezi margin during the Late Pleistocene. Bottom 

current may have also involved occasional sediment laden bottom current during 

the last glacial as evidenced by the occurrence of turbidites and scours at the 

base of slope. 

- The contrast between deposits during the Bolling-Allerod to Young Dryas 

climatic instability (detrital rich interval, including silty to sandy layer with 

reverse grading), and deposits during the subsequent sediment starvation during 

the ensuing sea-level rise (hemipelagic) is imprinted in the upper slope sediment 

in the form of a prominent high amplitude slope-wide reflector. This outlines that 

this period of climatic oscillation in the Zambezi River watershed has 

significantly imprinted the margin stratigraphy, making this period of time a 

remarkable margin wide stratigraphic marker.   
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- Both the south-west and northeast areas recorded sliding during the early 

Holocene and both sliding events involved glacial sediment, despite contrasted 

morphological and sedimentological settings. The post-glacial sea-level rise could 

be the main actor in sliding through several preconditioning factors and may be 

the triggering mechanism related to the reorganisation of sediment dispersal.  

Though this remains speculative, triggering by a period of intense seismicity can 

be envisaged. 

This study shows how complex sediment dispersal on continental margins can be 

when sea-level fluctuation, bottom current, sliding as well as contrasting margin 

morphologies are involved. It highlights that important volumes of sediment, expected 

to deposit on the shelf during highstands (Holocene), can be deflected onto the upper 

slope. We concur with the conclusion of Wiles et al. (2017) that such along-strike 

variations in margin sedimentation are not recognized in generalised sequence 

stratigraphic models. Thus, it shows that marine geology and the detailed study of 

modern analogues is crucial to avoid misleading interpretation of fossil deposits in 

terms of paleo-sea level and more generally of paleo-environmental conditions. 
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Figures caption 

Figure 1 

Bathymetric map of the Mozambique Channel showing the oceanic circulation (AABW: 

Antarctic Bottom Water, AAIW: Antarctic Intermediate Water, NADW: North Atlantic 

Deep Water, MUC: Mozambique Under Current, MC: Mozambique Current), location of 

earthquakes (NEIC catalogue, USGS), area with active faults at the Western East African 

Rift System (red dash line) (Deville et al. 2018). 

 

Figure 2 

Study area with identification of main morphological and sedimentary features on the 

Zambezi/Mozambique margin. Location of sediment cores. See location of the north-east 

area (indicated as Figure 3) and south-west area (indicated in Fig. 11). The continental 
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shelf is indicated in light blue; black dotted line indicates the shelf edge around 80-100 

m (GEBCO, 2014). (1) Dune field is after (Flemming and Kudrass, 2018; Miramontes et 

al., 2020); (2) Mud belts from (Beiersdorf et al., 1980; Schulz et al., 2011); (3) 

Contouritic deposits adapted from (Fierens et al., 2019) after (Raillard, 1990; Raisson et 

al., 2016; Thompson, 2017; Wiles et al., 2017); (4) after (Fierens et al., 2019; Wiles et al., 

2017). Inset: bottom circulation (blue arrows) and coastal surface circulation (black 

arrows) after (Miramontes et al., 2019b; Sætre and Da Silva, 1984), MC: Mozambique 

Current, MUC: Mozambique Under Current. 

 

Figure 3 

Multibeam data and location of sediment cores on the north-east upper slope (see 

location in Fig. 2). Black dotted line indicates the shelf break around 80-100 m and grey 

shading indicates seabed slopes from GEBCO (2014). Blue lines outline canyons (C) and 

gullies (G). Bathymetry: PAMELA project (IFREMER and TotalEnergies) and courtesy of 

the Alfred Wegener Institut, Hemholtz Centre for Polar and Marine Research. 

 

Figure 4 

Zoom on the north-east upper slope showing canyons, gullies and multiple head scars 

(see location in Fig. 3). Black dotted line indicates the shelf break around 80-100 m and 

grey shading indicates seabed slopes from GEBCO (2014). Bathymetry: PAMELA project 

(IFREMER and TotalEnergies) and courtesy of the Alfred Wegener Institut, Hemholtz 

Centre for Polar and Marine Research. 

 

Figure 5 
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(A) Sub-bottom profiler strike line and seabed morphology on the northeast upper 

slope; (B and C) zoom in: yellow indicates transparent seismic facies interpreted as 

mass-transport deposits, blue indicates stratified deposits corresponding to the 

Holocene sediment wedge (cf. Fig. 7); (B) slight undulations in stratified deposits topped 

by transparent deposits; (C) stratified deposits pinching out away from the canyon, 

yellow corresponds to TL1ne identified on the SBP dip line (Fig. 7). 

 

Figure 6 

(A) Sub-bottom profiler line and seabed morphology on the north-east mid- and base of 

slope (see location on Fig. 3); (B and C) zoom: yellow indicates transparent seismic 

facies, either TL1ne or TL2ne interpreted as mass transport deposits; (B) morphological 

interaction between canyons and sediment waves; (C) trains of sediment waves with 

upslope increasing wave length. 

 

Figure 7 

(A) Sub-bottom profiler line along the north-east slope (see location on Fig. 4); (B) zoom 

on mid-slope showing the superposition of transparent facies (TL1ne in yellow) and 

stratified facies (SL1ne and SL2ne in blue and red) corresponding to the distal part of 

the Late Holocene sediment wedge on the upper slope; (C) Late Holocene sediment 

wedge deposited on the upper slope (SL1ne and SL2ne in blue and red). See the buried 

head scarp, sliding and mass transport deposit (yellow) affecting the upper part of the 

wedge; see location of sediment core MOZ4-CSF13 (cf. Fig. 9). 

 

Figure 8 
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Sub-bottom profiler line and seabed morphology of base of slope in the north-east area 

(see location on Fig. 3). See the headscarp and mass transport deposit (TL2ne in yellow). 

See scours and location of sediment core MOZ4-CSF11 (cf. Fig. 9). Top right, zoom 

showing the seabed blocky pattern. 

 

Figure 9 

Summary lithologic logs of sediment cores, radiocarbon dates, sedimentation rates, 

median grain size, gamma-density, Log(Ca/Fe), corresponding sub-bottom profiler 

facies. Depth between parentheses indicate the maximum penetration of the corer and 

correspond to the maximum depth sampled in the sediment cores 

 

Figure 10 

Sub-bottom profiler lines and seabed morphology at the base of slope in north-east area; 

(A) giant scours (see location of sediment core MOZ4-CSF11); (C) short-wave-length 

sediment waves. Location and penetration of core MOZ4-CSF11 is indicated with a red 

line. 

Figure 11 

(A) Seabed morphology of the south-west area; black dotted line indicates the shelf 

break around 80-100 m (from GEBCO, 2014); (B) zoom on giant slide scar and headwall 

on the upper slope; (C) zoom on the upper slope erosive channel (Miramontes et al., 

2020) and carbonate reefs. See location of sediment core MOZ4-CSF18. 

 

Figure 12 

Sub-bottom profiler lines on the Mozambique upper slope in the south-west area 

between 19°55S and 19°20S; see location in Fig. 11. (A) Line across the slope and the 
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slide scar; yellow indicates a transparent facies (TLsw) interpreted as a mass transport 

deposit; blue indicates the stratified Holocene deposit (SL2sw) in the slide scar. (B) Line 

along the upper slope adjacent to the slide scar; see the stratified facies; yellow line 

indicates a prominent high-amplitude reflector (R). (C) Line across the upper slope 

showing a carbonate reef and a contourite terrace; yellow line, see above. (D) zoom on 

line C showing from base to top : the stratified layer (SL1sw), the high-amplitude 

reflector (R) and 2-m-thick high-amplitude interval (HL) and the along-slope erosional 

channel described in Miramontes et al. (2020). 

 

Figure 13 

Morphology of the slide scar on the Mozambique upper slope in the south-west area 

around 19°50S (see location on Fig. 11A). The area in blue corresponds to Holocene 

deposits in the slide scar (SL2sw unit); bold numbers indicate the thickness of the 

deposit in metres; dotted lines represent the location of sub-bottom profiler lines used 

to map the Holocene deposit. See location of sediment core MOZ4-CSF18. 

 

Figure 14 

Sub-bottom profiler line on a slide scar of the Zambezi upper slope in the south-west 

area around 19°50S; blue indicates the Holocene deposit (SL2sw) in the slide scar; see 

location in Fig. 13. 

 

Figure 15 

Sub-bottom profiler lines on the Mozambique upper slope in the south-west area around 

19°20S and correlation with magnetic susceptibility from sediment cores and with the 

chronostratigraphic framework based on AMS radiocarbon dating (see the age of 27.8 
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cal ka BP at the base of core MOZ4-CSF17). The dotted yellow line indicates a prominent 

high amplitude reflector (R) penetrated by the sediment cores. HL = high amplitude 

interval (cf. Fig. 13). Red vertical lines indicate the position and penetration of sediment 

cores. See location in Figs 11A and 13C. 

 

Figure 16 

Map of the shelf and upper slope of the Zambezi margin showing the extension (blue) of 

a high-amplitude reflector R identified on sub-bottom profiler lines (cf. Fig. 15). The 

reflector corresponds to the top of the deposits around the period of the Bolling-Allerod 

to Younger Dryas climatic instability. The surface in green indicates the extension of the 

flooded area on the shelf during the Bolling/Allerod to Younger Dryas period (between 

ca. 80-60 m) and between the Younger Dryas, and the beginning of the Holocene (ca. 40 

m). The flooding of the shelf and sediment starvation of the upper slope occurred earlier 

in the south-east area than in the north-west area. Thin dotted lines show the location of 

sub-bottom profiler lines. Black dotted line indicates the shelf break around 80-100 m 

(from GEBCO, 2014). 

 

 

Figure 17 

Summary of the patterns of sedimentation from the shelf edge to the base-of-slope on 

the Mozambique-Zambezi margin (17°30’S-20°S) during the last 40 ka 
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Core Location Latitude Longitude 

Dep

th 

(m) 

Recove

red 

length 

(mbsf) 

Penetra

tion 

(m) 

IGSN  

MOZ4-

CSF11 

base of 

slope 

S17° 

49.499' 

E 

039°11.19

2' 

213

4 9.70 10,45 

http://igsn.org/BFBG

X-85854 

MOZ4-

CSF12 

base of 

slope 

S17° 

39.309' 

E 

038°59.00

2' 

190

5 8.70 10.20 

http://igsn.org/BFBG

X-85860 

MOZ4-

CSF13 

mid-

slope 

S 

17°27.8

32' 

E038° 

45.270' 904 14.64 15.80 

http://igsn.org/BFBG

X-85861 

MOZ4-

CSF18 

upper 

slope 

S19° 

50.631' 

E036° 

30.7860’ 410 9.41 10,74 

http://igsn.org/BFBG

X-128003 

MOZ4-

CSF19 

upper 

slope 

S19° 

23.399’ 

E036° 

52.3279’ 315 9.12 10.38 

http://igsn.org/BFBG

X-128004 

Table 1: Location and characteristics of sediment cores used in this study. Penetration is 

that of the corer and therefore of the base of the core below seafloor, calculated after 

corer cinematic data; mbsf = metres below seafloor. IGSN = International Geo Sample 

Number (hyperlink to webpages with sample metadata). 

 

Core 

Depth in 

core 

(cm) 

Radiocarbo

n age (yr 

BP) 

2 calendar 

age (yr BP) 

∆R=45 

Median 

calendar age 

(yr BP) 

Material 

Lab. 

Numb

er 

MOZ4

-

CSF19 5-6 3,170±30 

2,481 - 3,023 2,761 

G. trilobus 

trilobus 

Beta-

44791

6  

MOZ4

-

CSF19 215-216 8,710±30  

8,868 - 9,407 9,135 

G. trilobus 

trilobus 

Beta-

44791

7  

MOZ4 300-301 10,180±30 10,729 - 11,060 Bulk planktonic Beta-
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-

CSF19 

11,311 foraminifera 46259

9 

MOZ4

-

CSF19 

450-451 11,320±30 12,417 - 

12,834 

12,631 Bulk planktonic 

foraminifera 

Beta-

46260

2 

MOZ4

-

CSF19 

710-711 13,240±40 14,653 - 

15,361 

15,031 Bulk planktonic 

foraminifera 

Beta-

47056

9 

MOZ4

-

CSF19 905-906 14,950±50  

16,895 - 

17,564 

17,208 

Bulk 

foraminifera 

Beta-

44791

8  

MOZ4

-

CSF18 2-3 50±30  

Modern Modern 

G. trilobus 

trilobus 

Beta-

44791

4  

MOZ4

-

CSF18 

180-181 2,010±30 1,144 - 1,600 1,367 Bulk 

foraminifera 

Beta-

47057

0 

MOZ4

-

CSF18 

550-551 4,600±30 4,294 - 4,826 4,567 Bulk 

foraminifera 

Beta-

47057

1 

MOZ4

-

CSF18 925-926 6,610±30 

6,606 - 7,128 6,847 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

44791

5  

MOZ4

-

CSF11 30-31 

31,470±16

0 

34,571 - 

35,409 

35,011 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

4 

MOZ4

-

CSF11 

279-280 > 43500 – – Bulk 

foraminifera 

Beta-

47055

9 

MOZ4

-

CSF11 

453-454 > 43500 – – Bulk 

foraminifera 

Beta-

47056

0 

MOZ4

-

CSF11 580-581 

39,510±53

0 

41,803 - 

42,892 

42,334 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

3 
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MOZ4

-

CSF12 10-11 29,750±30 

33,059 - 

33,703 

33,379 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

7 

MOZ4

-

CSF12 800-801 9,800±30 

10,216 - 

10,816 

10,516 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

8 

MOZ4

-

CSF13 9-11 Modern 

Modern Modern G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

5 

MOZ4

-

CSF13 199-200 1,540±30 

667 - 1,104 879 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

47056

1 

MOZ4

-

CSF13 599-601 5,720±30 

5,615 - 6,126 5,873 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

46259

6 

MOZ4

-

CSF13 859-860 >43,500 

– – G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

47056

2 

MOZ4

-

CSF13 

1200-

1201 

32,560±20

0 

35,619 - 

36,656 

36,139 G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

47056

3 

MOZ4

-

CSF13 

1450-

1451 >43,500 

– – G. ruber, G. 

trilobus, G. 

sacculifer 

Beta-

47056

4 

Table 2: Radiocarbon dates analysed on sediment cores. Calibration with Marine20 

curve (Heaton et al., 2020). Reservoir age, ∆R=45, SD=85. 
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Highlights 
 Early Holocene sliding occurred in contrasting morphological and sedimentary 

settings 
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 Two spots of expanded Holocene deposits on the upper slope were emplaced by the 
interaction between bottom current and the morphology of the margin and of the 
seabed 

 Continuum of sediment undulations ranging from scours to sediment waves from 
base of slope to upper slope 

 On the continental slope the contrast between sedimentation during Bolling-
Allerod/Younger Dryas period and the early Holocene is imprinted as a margin wide 
prominent high amplitude reflector 
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