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A B S T R A C T

We present a combined study of the geomorphology, sedimentology, and physical oceanography of the
Mozambique Channel to evaluate the role of bottom currents in shaping the Mozambican continental margin and
adjacent Durban basin. Analysis of 2D multichannel seismic reflection profiles and bathymetric features revealed
major contourite deposits with erosive (abraded surfaces, contourite channels, moats, furrows and scours),
depositional (plastered and elongated-mounded drifts, sedimentary waves), and mixed (terraces) features, which
were then used to construct a morpho-sedimentary map of the study area. Hydrographic data and hydrodynamic
modelling provide new insights into the distribution of water masses, bottom current circulation and associated
processes (e.g., eddies, internal waves, etc.) occurring along the Mozambican slope, base-of-slope and basin
floor. Results from this work represent a novel deep-sea sedimentation model for the Mozambican continental
margin and adjacent Durban basin. This model shows 1) how bottom circulation of water masses and associated
sedimentary processes shape the continental margin, 2) how interface positions of water-masses with contrasting
densities (i.e., internal waves) sculpt terraces along the slope at a regional scale, and 3) how morphologic
obstacles (seamounts, Mozambique Ridge, etc.) play an essential role in local water mass behaviours and dy-
namics. Further analysis of similar areas can expand understanding of the global role of bottom currents in deep-
sea sedimentation.

1. Introduction

Contour-following currents generated by thermohaline circulation
are common processes that affect continental margins and abyssal
plains of the world's oceans (e.g., Stow, 1994; Faugères et al., 1999;
Stow et al., 2002, 2009; Rebesco and Camerlenghi, 2008; Rebesco et al.,
2014). Deposits generated by along-slope currents are known as ‘con-
tourites’ or ‘contourite drifts’ (see McCave and Tucholke, 1986; Rebesco
and Stow, 2001). ‘Erosional features’ (e.g., abraded surfaces, contourite
channels, contourite moats) are locally developed in association with
contourite drifts in areas traversed by higher velocity current cores
(e.g., García et al., 2009; Cattaneo et al., 2017). In some settings, ‘mixed
features’ develop due to long-term depositional and erosional phases
that form contourite terraces (e.g., Viana et al., 2007; Hernández-
Molina et al., 2009, 2017a). Other settings host interactions between
along-slope (contourites) and across-slope gravity-driven processes

(turbidity currents and mass transport deposits). These processes may
form ‘hybrid features’ (e.g., Creaser et al., 2017; Hernández-Molina
et al., 2017b; Sansom, 2018). The range of depositional, erosional and
mixed (erosional-depositional) features associated with a particular
water mass can be interpreted as a ‘Contourite Depositional System’
(CDS). Continental margins host a number of CDSs associate to a water
mass within a given depth range.

Recent studies have demonstrated the effectiveness of combining
oceanographic analysis and geomorphologic approaches in interpreting
CDSs (e.g., western South Atlantic margin: Preu et al., 2013;
Hernández-Molina et al., 2016a; Gulf of Cadiz: Hernández-Molina et al.,
2016b; Mediterranean Sea: Cattaneo et al., 2017). However, CDSs can
become difficult to decipher (e.g., Hernández-Molina et al., 2006a) in
the case of interactions of several different water masses, intermittent
oceanographic processes (e.g., eddies, internal waves), and/or complex
physiography. These special cases remain less understood due to lack of
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direct observations (Rebesco et al., 2014).
Since initial publication of studies on current-controlled sedi-

mentation along the southern Mozambique basin (e.g., Kolla et al.,
1980; 6, Fig. 1A), the southwestern region of the Indian Ocean and its
CDSs have enjoyed growing scientific interest (Fig. 1A). To date, de-
posits directly linked to bottom current action have been described
from at least eight different locations (Fig. 1A). The largest features are
associated with water masses formed from Antarctic and sub-Antarctic
sources. These include features along the north-eastern Agulhas Ridge

and Cape Rise seamounts (Gruetzner and Uenzelmann-Neben, 2015; 1,
Fig. 1A), contourite drifts of the Transkei, which include the Oribi drift,
M-drift (Niemi et al., 2000; 3, Fig. 1A), and Agulhas drift (Schlüter and
Uenzelmann-Neben, 2008; 3, Fig. 1A), features along the southern
Mozambique Ridge (Uenzelmann-Neben et al., 2011; 7, Fig. 1A), fea-
tures along the Agulhas Plateau and Passage (Uenzelmann-Neben,
2001; Uenzelmann-Neben and Huhn, 2009; 2 and 8, Fig. 1A), and
features along the continental margin of Mozambique off the Limpopo
River (Preu et al., 2011; 5, Fig. 1A). In summary, these studies link the

Fig. 1. Location of study area and data collection
sites. (A) Bathymetric map (ETOPO1 1 arc-minute
global relief model; Amante and Eakins, 2009) of the
southwest Indian Ocean indicating catchment areas
of the Zambezi, Limpopo, and Tugela rivers basins.
Yellow dots indicate examples with large contourite
deposits in present-day (or recent) ocean basins and
in the ancient sedimentary record generated by
bottom currents. 1: Gruetzner and Uenzelmann-
Neben, 2015; 2: Uenzelmann-Neben (2001); 3:
Schlüter and Uenzelmann-Neben (2008); Niemi et al.
(2000); 4: Flemming (1978); 5: Preu et al. (2011); 6:
Breitzke et al. (2017); Kolla et al. (1980); 7: Uen-
zelmann-Neben et al., 2011; 8: Uenzelmann-Neben
and Huhn (2009); (B) Bathymetric map (ETOPO1 1
arc-minute global relief model; Amante and Eakins,
2009) of the Mozambique Channel indicating posi-
tion of the dataset interpreted and the main bathy-
metric features. The study area covered by high-re-
solution multibeam data was interpreted based on
Breitzke et al. (2017) and Wiles et al. (2017). Yellow
dots show the location of the IODP Expedition 361
and DSDP Leg 25. Abbreviations: MozR=Mo-
zambique Ridge; MdgR=Madagascar Ridge; and FZ
= Fracture Zone. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the Web version of this article.)
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development of contourite features to particular water masses and
water depth ranges. Despite the strong influence that circulation exerts
on sedimentary processes (e.g., Wiles et al., 2014, 2017; Breitzke et al.,
2017), long stretches of the East African continental margin have not
been interpreted in terms of their depositional processes. This paper
presents novel analysis of water mass influence on seafloor morphology
to interpret CDSs along the East African continental margin between the
latitudes of 15° S and 30° S (hereafter the Mozambique Channel). The
primary aims of this work are 1) to identify the main regional sedi-
mentary features related to bottom current action, 2) to generate a
regional morpho-sedimentary map of the Mozambique Channel and 3)
to interpret the interplay between sedimentary and oceanographic
processes.

2. Regional setting

2.1. Geologic setting

The Mozambique Channel is located in the southwest Indian Ocean
between the East African continental margin of Mozambique and
Madagascar (Fig. 1A). It developed during the break-up of East Gond-
wana (i.e., Madagascar, India, Antarctica, and Australia) and West
Gondwana (i.e., Africa and South America) (McElhinny, 1970;
McKenzie and Sclater, 1971). Rifting began in the Early-Middle Jurassic
(183 - 177Ma; Eagles and König, 2008) with the opening of the
northern Mozambique basin (159Ma to 124Ma; Jokat et al., 2003;
König and Jokat, 2010; Leinweber and Jokat, 2012; Leinweber et al.,
2013) and persisted to the Early Cretaceous opening of the southern
Mozambique Basin (124Ma to 84Ma; Gradstein et al., 2012) and the
Natal Valley (135Ma to 115/90Ma; Goodlad et al., 1982; Watkeys and
Sokoutis, 1998). Currently, the Mozambique Channel consists of three
major basins: the northern Mozambique basin, the southern Mo-
zambique basin, and the Durban basin (Fig. 1B). The northern Mo-
zambique basin is bounded by the East African continental margin of
Mozambique to the west and by the Davie Fracture Zone (DFZ) to the
east. The DFZ developed during southerly movement of East Gondwana
(including Madagascar) (Coffin and Rabinowitz, 1987, 1992) and was
later reactivated by extensional deformation (e.g., Lacerda Graben)
since the late Miocene (Mougenot et al., 1986). A group of isolated
carbonate platforms (e.g., Bassas Da India) formed in the middle of the
northern Mozambique basin from the Paleocene to early Miocene
(Courgeon et al., 2016). Late Miocene-early Pliocene cessation of car-
bonate deposition and initiation of graben formation along the DFZ
appears to be coeval and spatially linked with the development and
propagation of the East African Rift System (Franke et al., 2015). The
southern Mozambique basin is bounded to the west by the Mozambique
Ridge (MozR), which occurs about 100 km off the coast, and to the east
by the Madagascar Ridge (MdgR) (Fig. 1B). Both ridges are interpreted
to represent a large igneous province of oceanic origin (Sinha et al.,
1981; Fischer et al., 2017) forming between 140 and 122Ma for the
Mozambique Ridge (König and Jokat, 2010). Finally, the Durban basin

represents the eastern termination of a major east-west trending fault
system, the Agulhas-Falkland Fracture Zone (Broad et al., 2006).

Open marine sedimentation began in the Early Cretaceous for the
northern and southern Mozambique basins and in the Late Cretaceous
for the Durban basin (Davison and Steel, 2017). Over the past 30Ma,
the areas of interest have experienced significant periods of middle
Oligocene, middle Miocene, and late Pliocene hinterland uplift
(Castelino et al., 2015). Periods of uplift are associated with increase in
sediment transport to the adjacent basins along the southwestern Indian
Ocean (Walford et al., 2005; Wiles et al., 2014; Castelino et al., 2015;
Hicks and Green, 2016). Sediment delivery to the Mozambique Channel
is complex and related to global eustatic changes and hinterland tec-
tonics (Walford et al., 2005; Castelino et al., 2015; Hicks and Green,
2016; Wiles et al., 2017). Sediments are primarily sourced from the
adjacent Zambezi river (present-day catchment of 1.39∙106 km2), Lim-
popo river (present-day catchment of 4.15∙105 km2), and Tugela river
(present-day catchment of 2.91∙104 km2) (Fig. 1A). These control the
general sediment type and flux delivered to the Mozambique Channel
over time.

2.2. Oceanographic framework

The south Indian Ocean hosts a variety of water masses character-
ized by different hydrographic properties as summarized in Table 1. At
present, oceanic circulation along the Mozambique Channel consists
primarily of the southward flowing Mozambique current and the
northward flowing Mozambique undercurrent (De Ruijter et al., 2002).
The Mozambique current is part of the Agulhas current system
(Lutjeharms, 2006) and is characterized by anticyclonic eddies with
diameters of ∼300 km (Fig. 2). Four to six anticyclonic eddies per year
occur in the Channel, and propagate southwards at ∼3–6 km/day (De
Ruijter et al., 2002; Schouten et al., 2003; Halo et al., 2014). The Mo-
zambique current carries Tropical Surface Water, Subtropical Surface
Water (TSW and STSW,<200m water depth, wd), the South Indian
Central Water (SICW, between 200 and 600m wd) (De Ruijter et al.,
2002), and the northwest Indian-origin Red Sea Water (RSW,
900–1200m wd) (Donohue et al., 2000; Beal et al., 2000; Swart et al.,
2010). The Mozambique and Agulhas undercurrents flow northward
along the Mozambican continental slope (Fig. 2) carrying Antarctic
Intermediate Water (AAIW, 800–1500m wd) after its westward flow
over the Madagascar ridge (Fine, 1993) and the North Atlantic Deep
Water (NADW, 2200–3500m wd), which flows into the Natal Valley
(Toole and Warren, 1993) towards the southern Mozambique basin,
south of the Mozambique Ridge. A portion of the NADW flows into the
southern Mozambique basin across deep corridors within the Mo-
zambique Ridge (Wiles et al., 2014). The upper volume of the NADW
crosses a sill in the northern Mozambique basin to enter the Somali
Basin, while the remaining NADW flows along the eastern boundary of
the northern Mozambique basin with a southerly returning current (van
Aken et al., 2004; Ullgren et al., 2012). The Antarctic Bottom Water
(AABW) circulates below 4000m wd (Fig. 2). It flows northward as a
western boundary current along the southern Mozambique basin
(Tucholke and Embley, 1984; Read and Pollard, 1999). Because the
basin is closed in the north, the AABW is deflected to form a southerly
flowing boundary current along the east flank of the southern Mo-
zambique basin (Kolla et al., 1980).

3. Data and methods

This study utilizes bathymetry, multichannel 2D seismic reflection
profiles, hydrographic data, and hydrodynamic modelling. A slope
gradient map was generated using GEBCO 2014 (Weatherall et al.,
2015). The bathymetric base map included data from previous works of
Wiles et al. (2014, 2017) and Breitzke et al. (2017), which were used to
generate the morpho-sedimentary map.

Profiles interpreted derive from a regional 2D multichannel seismic

Table 1
Neutral densities used to characterize water masses interacting with bathy-
metric features of the Mozambique Channel based on the work of Kolla et al.
(1980); Fine (1993); Toole and Warren (1993); Talley (1996); Orsia et al.
(1999); Schott and McCreary (2001); DiMarco et al. (2002); Lutjeharms (2006);
Ullgren et al. (2012).

Water mass Water depth (m) γη (kg/m3)

TSW&STSW 0–200 23–25.8
SICW 200–800 26.4–26.8
AAIW 800–1500 27–27.8
RSW 900–1200 ∼27.4
NADW 2200–3500 >27.8
AABW >4000 >28.2
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reflection (MCSs) dataset (Fig. 1) acquired for the Mozambique basin
during 2013/2014 geophysical cruises by WesternGeco. This primary
dataset represents a regional grid of linear, 36179 km MCSs spaced at
approximately 10–70 km intervals. Profiles were migrated in time. A
second dataset was acquired for the Durban basin in 2013–2014 by
CGG. The secondary dataset consists of widely spaced arrays spanning
6920 km and including 17 strike lines and 25 dip lines. The data were
processed with Kirchhoff pre-stack time migration. Major morpho-se-
dimentary features were identified and mapped using bathymetry and
seismic profiles.

Oceanographic analysis was performed using hydrographic data
from the World Ocean Database 2013 (WOD13; https://www.nodc.
noaa.gov/OC5/WOD13/) and a Regional Oceanic Modelling System
(ROMS, version CROCO: https://www.croco-ocean.org/).

Hydrographic data from WOD13 was used to create combined hy-
drographic and seismic cross sections. Due to the lack of hydrographic
sections, we constructed cross-slope sections by combining all available
conductivity, temperature, salinity, and depth (CTD) stations and then
projecting water sample stations onto the seismic cross-section at dis-
tances of up to 50 km. The cross-sections were created using Ocean Data
View (Schlitzer, 2013). CTD data were also used for generating po-
tential temperature-salinity diagrams in order to identify water masses
present along the Mozambique Channel.

The Regional Oceanic Modelling System (ROMS, CROCO version), a
three dimensional ocean model described by Shchepetkin and

McWilliams (2005), was used to simulate the bottom currents in the
Mozambique Channel. ROMS is a primitive equation model that can
estimate basin-scale, regional and coastal oceanic processes at high
resolution (Shchepetkin and McWilliams, 2005). ROMS uses a topo-
graphy following vertical grid allowing explicit resolution of interac-
tions between bottom topography and ocean dynamics. The model used
the GEBCO 2014 (Weatherall et al., 2015) bathymetric base map
smoothed for numeric constraints. The model simulation ran for 21
years (from 1993 to 2014). The model surface conditions are derived
from the ERA Interim atmospheric reanalysis (Dee et al., 2011) using a
bulk formulation (Fairall et al., 1996). The lateral boundary conditions
are drawn from a global ocean reanalysis GLORYS (Ferry et al., 2012).
To reach a high resolution 1/36° (∼3 km) in the Mozambique Channel,
three levels of embedded grids are used, based on the AGRIF two-way
nesting method (Debreu et al., 2012). Since the mean kinematic
bottom-shear-stress induced by tides affects only the shelf (i.e., Bight of
Sofala; Chevane et al., 2016), barotropic tides were not introduced in
the model for this simulation.

Three cross-slope hydrographic sections based on CTD stations from
northern, central, and southern sector water columns were used to in-
terpret relations between water mass stratification and sedimentary
features along the continental margin. Combining these sections with
potential salinity-temperature-oxygen diagrams from the same
dataset allowed us to identify the main water masses in each physio-
graphic domain. This approach also revealed lateral variation in water

Fig. 2. Bathymetric map (ETOPO1 1 arc-minute global relief model; Amante and Eakins, 2009) of the Mozambique Channel indicating schematic position of present-
day water masses.
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mass dynamics along the Mozambique Channel. Accurate identification
of water masses and their spatial correlation with seafloor morphology
can elucidate longer-term oceanographic and sedimentary processes
(Hernández-Molina et al., 2016a). Calculated as the oscillation fre-
quency of a parcel displaced vertically in a statically stable environ-
ment, the buoyancy or Brunt-Väisälä frequency (N) provides informa-
tion on water column stratification (Da Silva et al., 2009). It is
calculated from hydrographic data (World Ocean Database, 2013) as:

=
∂

∂
N

g
ρ

ρ
z (1)

where g is the gravitational acceleration, ρ is the density, and ∂

∂

ρ
z
is the

vertical density gradient.
This analytical approach identified numerous bottom current-con-

trolled depositional and erosional features. We use the term ‘contourites’
for sediments deposited or substantially reworked by the persistent
action of bottom currents (Faugères and Stow, 2008). This term in-
cludes a large variety of sediments affected by different types of cur-
rents (Rebesco et al., 2014). Thick, extensive sedimentary accumula-
tions are defined as ‘contourite drifts’ or ‘drifts’. Interpretation of features
followed criteria for drift morphology and internal configuration de-
tailed in McCave and Tucholke (1986), Faugères et al. (1999), Rebesco
and Stow (2001), Rebesco (2005), and Rebesco et al. (2014).

4. Results

4.1. Physiography of the study area

The Mozambique Channel includes three major physiographic pro-
vinces, as defined by IHO and IOC (1983): the continental shelf, the
continental slope and the abyssal plain (Fig. 3). All three margin pro-
vinces were interpreted from southern, central, and northern sectors of
the study area. These represent the Tugela, Limpopo, and Zambezi
Rivers discharge areas, respectively (Fig. 1A).

The continental shelf exhibits an average gradient of 0.4°. It is
particularly narrow (∼2–15 km in width) compared to the global
average of ∼50 km (Shepard, 1963), except in the regions in front of
the Tugela, Limpopo and Zambezi rivers (i.e., 51 km, 80 km and 130 km
respectively) (Fig. 3). The continental slope is bordered to the west by
the shelf-break, which is around 50–120m water depths (set at∼200m
wd in this study). In the study area, the continental slope exhibits a
relatively gentle gradient (1.1° on average) relative to the global
average slope (3°, Kennett, 1982). The slope divides into upper, middle,
and lower subdomains. Each subdomain was defined to highlight zones
of abrupt changes in seabed gradient (Fig. 3 and Table 2); the upper,
middle and lower slope, respectively, have an average gradient of: 1.6°,
1.1° and 0.9°, and occur between isobaths of: 200–1000m,
1000–1600m, and 1600–2400m. The morphological seafloor changes
that determine the upper, middle and lower slope subdomains roughly
coincide with the distribution of large-scale flatter areas or terraces.
These terraces have been described and locally characterized by Martin
(1981) in the central sector: the Inharrime terrace (< 800m wd) and
the Central terrace (∼1400–2000 m wd), which are separated by the
SW-NE rough topography of the Almirante Leite Bank. Furthermore, a
broad (∼90 km) gently seaward dipping (0.3°) terrace occurs around
21° S (1300–1600m wd) that has been described by Wiles et al. (2017)
(Fig. 3). In this study, the base-of-slope is set at 2400m water depth
(wd). In areas where the buried Beira High and the Mozambique Ridge
abut the continental slope (i.e., 21° S to 29° S), a steep surface (2–10°)
develops at the foot of the lower slope (from ∼2400m wd) (Fig. 3). In
this study, this feature belongs to the abyssal plain province.

The abyssal plain of the southern sector (i.e., Natal Valley) lies
between 2400m (uppermost, narrowest part) and ∼3000m wd
(southward at ∼31° S). This feature is bounded to the east by the
Mozambique Ridge, which rises to a depth of 1800m (Fig. 3). The

Mozambique Ridge deepens along E-W oriented pathways (at depths of
∼2000–3000m wd) connecting the abyssal plain regions of the Natal
Valley and the southern Mozambique basin. The abyssal plain depth of
the Mozambique basin in the northern and central sector increases from
∼2400m to ∼4000m wd southward at ∼27° S. The large-scale mor-
phology of the abyssal plain includes numerous seamounts (i.e., Bassas
Da India and Boucart) (Fig. 3).

4.2. Gravitational features

The continental slope of the southern sector hosts numerous sub-
marine canyons extending from the upper slope to the distal limit of the
lower slope. Northward (and south of the Tugela canyon), submarine
canyons only occur within the lower slope (Fig. 4). Tugela canyon
obliquely crosscuts the continental slope and feeds the Tugela Cone, a
deep-water fan complex (Fig. 4). The canyon reaches widths of up to
19 km and incision depths of up to 1000m in the middle slope. The
canyon lacks any form of connection with the modern fluvial system. A
second, unnamed canyon originates at 1400m wd north of the Tugela
canyon. It widens and deepens downslope to 2320m wd with incision
depths of up to 250m around a prominent basement high, the Naudé
Ridge (Dingle et al., 1987) (Figs. 4 and 5A). The continental slope of the
central sector is dominated by along-slope sedimentary processes
(Figs. 4 and 5B), except south of 27° S, where the upper slope is dis-
sected by several submarine canyons of varying size (from 50 to 300m
wide and 10–40m deep to 750–2000 m wide and>400m deep)
(Fig. 4). Evidence of down-slope sedimentary processes is common
along the slope of the northern sector. Large Mass Transport Deposits
(MTDs) appear in the middle to lower slope, where huge deposits
gather on the seafloor (Fig. 4) or appear as buried features in seismic
profiles (Fig. 5C). This sector also hosts many submarine canyon sys-
tems (SCSs). Wiles et al. (2017) identified three different SCSs of this
area. From north to south, these include the Angoche SCS, the Middle
Zambezi SCS, and the Lower Zambezi SCS (Fig. 4). In the Angoche SCS,
the margin consists of a series of canyons that extend across the shelf
towards the lower slope and from the shelf to the middle slope (Fig. 4).
These canyons reach widths of up to 4 km (Fig. 5D). The Lower Zambezi
SCS consists of canyons mostly initiating in the middle slope at around
1000m wd. A few of these canyons appear at around 300m wd. These
canyons can reach 12 km in width (Fig. 5C). Along the abyssal plain,
sedimentary lobes form at the distal limit of the lower slope of the
Angoche SCS and the Lower Zambezi SCS (Figs. 4, 5C and 5D). The
Middle Zambezi SCS consists of canyons mostly initiating in the middle
slope (Fig. 4). The present-day canyons lack any form of connection
either with modern continental drainage channels or with incisional
canyons on the shelf. These canyons reach widths of up to 7 km and
incision depths of up to 200m at around 2500m wd. Along the abyssal
plain, the Middle Zambezi SCS converges at about 19° S to join the
Zambezi Valley. The combined feature then flows towards the south
confined by the western flank of the Davie Fracture Zone (DFZ) until
about 25° S where a large sedimentary lobe develops (Fig. 4).

4.3. Contourite features

Our analysis identified a wide range of contourite features, in-
cluding depositional (drifts and sedimentary waves), erosional (abraded
surfaces, moats, channels, scours, and furrows), and mixed (contourite
terraces) features occurring from the shelf break to the abyssal plain
(Fig. 4). Contourite drifts represent important along-slope accumula-
tions of sediment that appear as continuous, layered seismic reflections
with internal, regional-scale unconformities (Fig. 6). Erosional features
are mainly characterized by truncated reflections underlying stratified
and/or chaotic facies. These generally show relatively high amplitude
reflections (HARs) relative to those representing associated drifts
(Fig. 6). The mixed features (contourite terraces) display similar seismic
facies defined by continuous to discontinuous, subparallel, and
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occasionally truncated seismic reflections (Fig. 6). High amplitude re-
flections are generally found along these terraces with a number of 2D
sedimentary waves (e.g., Flemming, 1978; Green, 2011).

4.3.1. Depositional contourite features
Drifts are the dominant depositional features observed. The largest

of these features are ‘plastered drifts’ and ‘elongated-mounded drifts’.
Large, plastered drifts of the Mozambique continental slope show a

Fig. 3. Slope gradient map for surfaces dipping ≥2° along the Mozambican continental margin. Bathymetric map includes the main physiographic domains
(continental shelf; upper, middle, and lower continental slopes; and abyssal plain) and morphological features superimposed (ETOPO1 1 arc-minute global relief
model; Amante and Eakins, 2009). The white line indicates the location of the buried Beira High. Abbreviations: ALB=Almirante Leite Bank; CT = Central Terrace;
IT = Inharrime Terrace; LC=Limpopo Cone; MozR=Mozambique Ridge; NR = Naudé Ridge; and TC=Tugela Cone. (A) To (F) Bathymetric profiles showing
seafloor morphology for the three different sectors: (A) and (B) are the northern sector, (C) and (D) the central sector, and (E) and (F) the southern sector.

Table 2
Morphological characteristics (shape, gradient and width) for the continental slope subdomains (upper, middle and lower slopes) of the southern, central and
northern sectors within the study area. Letters (A-F) correspond to bathymetric profiles shown in Fig. 3.

Continental slope

Upper Slope Middle Slope Lower Slope

Sectors Sectors Sectors

Southern Central Northern Southern Central Northern Southern Central Northern

Shape Concave (F)/
convex (E)

Convex
(C,D)

Convex (B)/
concave (A)

Concave (F)/
convex (E)

Convex (C,
D)

Concave (A,
B)

Concave (E, F) Convex (C,
D)

Concave (A, B)

Gradienta (degrees) 7.2°/1.5° 1° 2.6°/3.7° 4.7°/1.4° 0.9° 1.4° 1.3° 1.1° 0.8°
Widtha (km) ∼4/∼56 ∼20 to 45 ∼25/∼10 ∼6/∼82 ∼10 to 90 ∼15 to 50 ∼10 ∼10 to 70 ∼70 to 170

a Represents average data.
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prominent along-slope trend (Fig. 4). Elongated-mounded drifts are
dispersed throughout the continental slope and abyssal plain of Mo-
zambique's central sector (Fig. 4). In addition to large-scale plastered
and elongated-mounded drifts, other minor depositional features in-
clude large ‘sedimentary waves’ previously described by Breitzke et al.
(2017). These exhibit a wavy geometry (Fig. 5B) and occur throughout
the abyssal plain, particularly south of the Bassas Da India seamounts in
the centre of the Mozambique Channel (Fig. 4).

The three plastered drifts recognized in this study were informally
referred to as D1 to D3 based on their water depth range along the slope
(D1 being the shallowest and D3 the deepest; Fig. 4). ‘Plastered drifts 1

and 2’ (D1 and D2) are located between ∼300 and 600m wd along the
upper slope and between ∼900 and 1300m wd along the middle slope,
respectively (Fig. 4). These show aggradational and progradational
internal reflection configurations with thickness variations that indicate
depocenters parallel to the slope (Figs. 5E, 6A and 6B, and 6I). In the
southern sector, the 10–40 km wide D1 developed between 30° S and
the Tugela Cone (Fig. 4). In the central sector, D1 spans about 20 km
width and extends ∼56 km along the Inharrime Terrace (Fig. 4). In the
northern sector, D1 is about 7 km wide and disappears near 18° S
(Fig. 4). In the southern sector, the 15 km wide D2 developed between
30° S and the Tugela Cone (Fig. 4). In the central sector, between 29° S

Fig. 4. Morpho-sedimentary map of the Mozambique Channel. This map illustrates the complex morphology of the Mozambique Channel as well as the interplay
between down- and along-slope processes. Contourite depositional, erosional, and mixed erosive-depositional features are indicated. Lineations based on Breitzke
et al. (2017) and submarine canyons based on Wiles et al. (2017). Abbreviations: DFZ=Davie Fracture Zone and SCS = Submarine Canyon Systems.
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Fig. 5. Examples of four multichannel seismic reflection profiles of the Mozambican continental margin from south (A) to north (D), showing the major morpho-
sedimentary features. Horizontal scale is the same for all the profiles. (E) Inlay illustrating the D1 drift and the T1 terrace, as well as high amplitude reflection
patterns (HARs) of contourite terrace T1. Location in Figs. 1 and 4 (section (A) courtesy of CGG Multi-client and New Ventures and sections (B, C), and (D) courtesy of
INP and WesternGeco Multiclient).
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and 25° S, D2 spans about 10 km in width (Fig. 4), and extends
∼116 km near 27° S before it disappears in the vicinity of topographic
highs associated with the Almirante Leite Bank (Fig. 4). North of the
Almirante Leite Bank, D2 is about 6–30 km wide and disappears in the
vicinity of the southeastern limb of the Beira High, near the northern
sector (Fig. 4). The deeper ‘plastered drift 3’ (D3) occurs in the lower
slope of the central sector (between ∼27° S and 29° S) at
∼1500–2200m wd (Fig. 4). Between the Tugela Cone and the abraded
surface, D3 extends to 88 km width (Fig. 4). In this area, D3 exhibits
aggradational to progradational internal reflections with a more pro-
nounced upslope progradational stacking pattern than those exhibited
by drifts D1 and D2 (Fig. 6C). North of the abraded surface, D3 extends
to a width of about 110 km along the Central Terrace (Fig. 4) and

exhibits predominantly progradational and seaward internal reflections
(Fig. 6E).

Apart of the aforementioned plastered drifts D1 to D3, the central
sector hosts other ‘elongated-mounded drifts’ (Fig. 4). Along the distal
limit of the middle slope, elongated-mounded drifts occur east of the
Almirante Leite Bank, near 24° S (Fig. 4), where they reach about 12 km
in width (Fig. 6B). Along the lower slope, elongated-mounded drifts are
widespread from 22° S to 26° S, ranging 1–20 km in width (Fig. 4). From
the distal limit of the lower slope to about 3200m wd, elongated-
mounded drifts occur in association with steep surfaces of the Mo-
zambique Ridge (29° S to 22° S) and the south-eastern limb of the Beira
High (21° S). These drifts reach widths of about 6–60 km (Figs. 4, 5B
and 6F, and 6G).

Fig. 6. Examples of depositional, erosional, and mixed contourite features from multichannel seismic reflection profiles. Details of contourite terraces T1 and T2 in
(A), T3 in (C), (D), and (E), and T4 in (G) and (H). Examples of plastered drift D1 are illustrated in (A), D2 in (A), (B), and (E), and D3 in (C) and (E). Moats and
elongated-mounded drifts are shown in (B), (F), and (G). Abraded surfaces and steep surfaces are illustrated in (B), (D), (G), and (H). (I) Inlay illustrating the
sedimentary stacking pattern of plastered drift D2. Locations in Fig. 4 for (A–H), in Fig. 11 for (A, B, E, F, G) and (H). Abbreviation: HARs=High Amplitude
Reflections. Profiles (A, B, F, G) and (H) courtesy of INP and WesternGeco Multiclient. Profiles (C–E) courtesy of CGG Multi-client and New Ventures.
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‘Sedimentary waves’ occur along most of the basin floor of the central
sector (Fig. 4 and 5B). At water depths of ∼3500–4500m, sedimentary
waves can reach 60–80m in height and up to 5 km in length, with
wavelengths around 2.5–3 km. These features generally orient in a NE-
SW direction, but then shift to WSW-ENE and WNW-ESE orientations to
the north (Fig. 4). For water depths between ∼3000 and 3400m, se-
dimentary waves reach heights of 35–60m, wavelengths around
1–2 km, and lengths of up to 10 km. These shallower features strike
NW-SE, but shift into W-E and NE-SW orientations to the east (Fig. 4).

4.3.2. Erosional contourite features
Erosive contourite features occur locally along the Mozambican

continental margin and basin floor. Erosional features include moats/
contourite channels, abraded surfaces, and lineations (i.e., scours and
furrows) (Fig. 4). ‘Abraded surfaces’ occur along the lower slope of the
central sector (Figs. 4, 5B and 6B, 6G, and 6H), and north of the Naudé
Ridge (∼50 km wide, ∼100 km long, and deepening from
∼1900–2300m wd) (Fig. 4 and 6D). They also appear as steep surfaces
related to the Mozambique Ridge (29° S to 22° S) and the southeastern
limb of the Beira High (21° S) at the base of the slope (Figs. 4, 5B and
6G, and 6H). ‘Moats’ are associated with elongated-mounded drifts and
exhibit U-shaped cross sections (Figs. 4, 5B and 6B, 6F, and 6G). These
features can span up to 3 km in width and incise to depths of up to
100m ‘Contourite channels’ develop in the vicinity of the large topo-
graphic highs of the Almirante Leite Bank and within the deeper

corridor of the Mozambique Ridge (Fig. 4). ‘Lineations’ (i.e., scours and
furrows) occur along the abyssal plain near 26° S (Fig. 4). ‘Scours’ form
between 3500 and 4500m wd. Often exhibiting a crescent-like shape
(Breitzke et al., 2017), these can reach 20 km in length, 3–7 km in width
and incisional depths of up to 450m. Several large ‘furrows’ (i.e.,
60–100m deep, 2–3 km wide, and 8–15 km long) are located east of the
giant erosional scours between 3600 and 4300m wd. Furrows generally
assume a NW-SE or E-W orientation and a smooth V-shape morphology
as described in Breitzke et al. (2017).

4.3.3. Mixed features
‘Contourite terraces’ represent mixed features that appear as sub-

horizontal elements developed during long-term depositional and ero-
sional phases of the continental slope (Hernández-Molina et al., 2016a).
These form erosive features in proximal domains and mostly deposi-
tional features in distal domains. Terraces are morphological features
that extend to distinct depth intervals above large plastered drifts to
produce long flatter areas with subtle (< 1°) seaward dips along the
Mozambican margin (T1 to T4) (Fig. 5B and 6). Terraces develop along
the upper slope (T1 at ∼300m wd) near the transition between upper
and middle slopes (T2 at ∼800m wd), near the transition between
middle and lower slopes (T3 at ∼1500m wd), and along the lower
slope (T4 at ∼2200m wd) (Fig. 4 and 5B).

‘Terrace 1’ (T1) is associated with the upper surface and landward
proximal domain of the D1 drift (Fig. 6A). In the southern sector, T1

Fig. 7. (A–C) Temperature (°C) vs. Salinity (psu) diagrams for southern, central, and northern sectors respectively. (D–E) Panel plots with neutral densities (kg/m3)
vs. Oxygen content (ml/l) along the Mozambican continental margin for data collected from hydrographic sections of the southern (D) and central (E) sectors. Deep
water mass circulation denoted as: AABW=Antarctic Bottom Water; NADW = North Atlantic Deep Water; AAIW=Antarctic Intermediate Water; RSW=Red Sea
Water; SICW = South Indian Central Water; TSW-STSW=Tropical Surface Water – Subtropical Surface Water. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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develops between 30° S and the Tugela Cone to reach a width of
∼4 km. In the central sector, T1 reaches∼4–5 km in width and extends
∼50 km along the Inharrime Terrace. In the northern sector, T1 reaches
about ∼2.5 km in width and disappears near 18° S (Fig. 4). ‘Terrace 2’
(T2) is associated with the top surface and landward proximal domain
of the D2 drift (Fig. 6A). In the southern sector, T2 forms between 30° S
and the Tugela Cone to reach widths of ∼15 km. In the central sector
between 29° and 25° S, T2 spans less than 1 km in width. It extends up
to ∼30 km near 27° S (Limpopo Cone) before it disappears in the vi-
cinity of the topographic highs of the Almirante Leite Bank. North of the
Almirante Leite Bank, T2 reaches widths of about ∼20–30 km and
extends 80 km near the Beira High. T2 disappears in the vicinity of the
large MTDs occurring in the northern sector (Fig. 4). ‘Terrace 3’ (T3) is
associated with the top surface and landward proximal domain of the
D3 drift (Fig. 6C and 6E). In the central sector, T3 is about ∼4–25 km
wide, extending ∼60 km and disappearing in the vicinity of the topo-
graphic highs of the Almirante Leite Bank. North of the Almirante Leite
Bank, T3 is about ∼4 km wide but poorly developed relative to T1 and
T2. T3 disappears in the vicinity of the southeastern limb of the Beira
High (21° S) (Fig. 4). ‘Terrace 4’ (T4) only appears from 21° to 25° S
where it spans about ∼60 km in width (Fig. 6H). Toward the northern
sector, T4 is about ∼2 km wide and disappears in the vicinity of the
southeastern limb of the Beira High (21° S) (Fig. 4). Unlike T1-T3,
which exhibit mostly a depositional character in their distal domain
(i.e., plastered drifts D1 to D3), T4 exhibits a steep surface with an
erosive character along its seaward flank (Fig. 4 and 6H).

4.4. Identification of water masses and associated oceanographic processes

Temperature and salinity profiles indicate seven major water masses
operating the Mozambique Channel of the southwest Indian Ocean
(Fig. 7 and Table 1). These include three of Indian origin (TSW, Tro-
pical Surface Water; STSW, Subtropical Surface Water; and SICW, South
Indian Central Water), one of North Atlantic origin (NADW, North
Atlantic Deep Water), one of Red Sea origin (RSW, Red Sea Water), and
two of Antarctic origin (AAIW, Antarctic Intermediate Water; AABW,
Antarctic Bottom Water). An eighth water mass lies below the TSW, the
Tropical Thermocline Water, which differs from STSW (same tem-
perature) according to the former's much lower oxygen content
(Lutjeharms, 2006) (Fig. 7D and 7E). The TSW, STSW, Tropical Ther-
mocline Water, and SICW make up the upper water column, while the
AAIW and RSW constitute the intermediate water column, and the
NADW and AABW form the base of the water column (Ullgren et al.,
2012). Select neutral density profiles in this region showed that
γn=∼26.4 kg/m3 for the Subtropical Surface Water (STSW) – South
Indian Central Water (SICW) transition, γn= 27 kg/m3 for the SICW –
Antarctic Intermediate Water (AAIW) transition, γn= 27.8 kg/m3 for
the AAIW – North Atlantic Deep Water (NADW), and γn= 28.2 kg/m3

for the NADW – Antarctic Bottom Water (AABW) (Toole and Warren,
1993; Talley, 1996; Ullgren et al., 2012) (Fig. 7). Identification of
present water masses and their correlation with seafloor morphology
can help elucidate longer-term oceanographic and sedimentary pro-
cesses. The present oceanic circulation offshore of Mozambique is re-
latively complex and composed of various water masses interacting at
different depths. These are briefly described below.

4.4.1. Identification of water masses along the southern sector
At shallow water depths (< 200m), the Tropical Surface Water

(TSW; above 24 °C) covers the Sub-Tropical Surface Water (STSW),
which exhibits a maximum in salinity of 35.7 psμ and temperature of
around 17 °C (Fig. 7A). Both are saturated in dissolved oxygen
(Fig. 7D). Tropical Thermocline Water can be distinguished from STSW
(same temperature) by the former's much lower dissolved oxygen
concentrations (< 4ml/l) (Fig. 7D). Directly below the STSW, within a
neutral density range of 26.4 kg/m3 to 26.8 kg/m3 and a water depth
range of about 200–600m, temperature-salinity properties declined

down to values of 8–14 °C and 34.8–35.5 psμ, respectively. These
parameters are characteristic of the South Indian Central Water (SICW)
(Fig. 7A). The relatively fresh Antarctic Intermediate Water (AAIW) and
relatively saline Red Sea Water (RSW) with neutral densities ranging
from 27.0 to 27.8 kg/m3 occupy intermediate depths below the ther-
mocline (Fig. 7A). The AAIW forms a salinity minimum of<34.5 psμ,
while the RSW modifies this minimum by interleaving the water
column with relatively saline layers (> 34.6 psμ) (Fig. 7A). Further
downslope, at neutral densities greater than 27.8 kg/m3, a cold (∼2 °C)
and high salinity (> 34.8 psμ) bottom layer is interpreted as the North
Atlantic Deep Water (NADW) (Fig. 7A).

4.4.2. Identification of water masses along the central sector
Along this hydrographic section, the TSW, STSW, and Tropical

Thermocline Water occupy the upper water column (< 200m wd,
γn < 25.8 kg/m3) (Fig. 7B and 7E). The TSW forms surface water,
which is warmer than 24 °C. Directly beneath, the STSW exhibits a
maximum in salinity of 35.8 psμ at temperatures of around 17 °C
(Fig. 7B). TSW and STSW are saturated with dissolved oxygen while
Tropical Thermocline Water, at the same depth as the STSW salinity
maximum, exhibits lower dissolved oxygen concentrations (< 4ml/l)
(Fig. 7E). At water depths of 200–600m, temperature-salinity proper-
ties (8–14 °C and 34.8 to 35.5 psμ, respectively) are characteristic of the
SICW (26.4 kg/m3 to 26.8 kg/m3) (Fig. 7B). The AAIW appears at water
depths of∼800m near the neutral density of the SICW-AAIW transition
(27 kg/m3) (Fig. 7B). The AAIW layer at this section exhibits low sali-
nities (∼34.5). AAIW combines high salinities (> 34.6 psμ) and low
dissolved oxygen (< 3.5ml/l) layers of the RSW at water depths of 800
and 1500m (Fig. 7B and 7E). Below, as neutral densities surpass
27.8 kg/m3, the NADW (< 4 °C, ∼34.8 psμ) appears at around 2200m
wd (Fig. 7B). At water depths around 3500–4000m, cold (∼1.5 °C),
low salinity (< 34.7 psμ) bottom waters approach the neutral density of
the NADW-AABW transition (28.2 kg/m3) (Fig. 7B).

4.4.3. Identification of water masses along the northern sector
The hydrographic section located in the northern part of the margin

intersects the 2000 m isobath. Dissolved oxygen data for this part of the
basin was not available. The surface water column is characterized by
warm temperatures (> 24 °C) and high salinity (∼35.2 psμ) of the TSW
(Fig. 7C). Beneath this water mass lies the STSW, which exhibits a
maximum salinity of ∼35.5 psμ and temperature of 15 °C to give a
neutral density of< 25.8 kg/m3 for its upper layers (< 200m wd)
(Fig. 7C). Below the STSW salinity maximum, temperature-salinity
properties increase to values characteristic of the SICW, which exhibits
a neutral density range of 26.4 kg/m3 to 26.8 kg/m3 in the 200–600m
depth range (Fig. 7C). The base of the SICW reaches a local salinity
minimum and neutral density of 27 kg/m3, which marks the transition
to properties associated with intermediate water masses (Fig. 7C). The
intermediate water masses exhibit a neutral density range of 27 kg/m3

to 27.8 kg/m3 and flow at depths of 800–1500m wd. The water masses
are relatively salty and salinities greater than 34.9 psμ in the middle of
the density range indicate the presence of the RSW (Fig. 7C). Below the
RSW, salinities decrease (< 34.7 psμ) to another local minimum around
1500m wd and 27.6 kg/m3 density indicating a deeper AAIW core
(Fig. 7C). For deeper water approaching 27.8 kg/m3 neutral density,
salinities increase to about 34.8 psμ at temperatures of around 2 °C.
These parameters indicate the presence of the NADW in contact with
the seafloor at around 2200m wd (Fig. 7C).

4.4.4. Associated interface processes
Near-bottom layers for the water masses described above indicate

that TSW, STSW and SICW traverse the continental shelf and upper
slope of the Mozambican margin while the AAIW and RSW traverse the
middle and lower slopes, and the NADW and AABW occupy the
Mozambican base-of-slope and deep basins (Fig. 2 and 8). Interfaces
between the TSW + STSW/SICW and SICW/AAIW (and RSW) thus
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interact with the Mozambican slope (Fig. 8), whereas interfaces be-
tween AAIW (and RSW)/NADW and NADW/AABW affect the Mo-
zambican base-of-slope and basin floor. The interfaces (pycnoclines)
between the TSW + STSW/SICW and SICW/AAIW are characterized by
sharp density gradients while the interface between AAIW/NADW is
characterized by a diffuse density gradient with a gradual transition
from one water mass to the other (Fig. 9C). High values of buoyancy
(Brunt-Väisälä) frequency (> 2 cycl/h) is observed at around 800m wd
and above ∼300m wd (Fig. 9A), matching the TSW + STSW/SICW
and SICW/AAIW interfaces. Above ∼300 m wd, the buoyancy (Brunt-
Väisälä) frequency reaches maximum values around 50–100 m wd (> 6
cycl/h) (Fig. 9B). Internal waves (solitons) were observed propagating
from the shelf of the Bight of Sofala into the Indian Ocean (20° S to 21°
S; Fig. 10D and 10E). Fig. 10 (A, B, and C) also illustrates internal wave
propagation towards the coast in the Bay of Maputo.

4.5. Circulation model results

Bottom current simulations carried out with the Regional Oceanic
Modelling System (ROMS) indicated that currents often flow parallel to
the isobaths but exhibit some degree of variation in direction and ve-
locities depending on location (Fig. 11). Along the upper slope, the si-
mulated bottom currents show southward movement with mean velo-
cities of> 12.5 cm/s (Fig. 11A and 11B). The upper slope along the
Inharrime Terrace and Limpopo Cone experienced W-NW transport
near the shelf break (200m wd) with inversions towards the W-SW,
especially along the distal limit of the upper slope (∼1000m wd)
(Fig. 11C). Flow directions corresponded to a local cyclonic eddy pre-
viously described by Lamont et al. (2010). Along the middle slope, si-
mulated bottom currents showed greater variability in current direc-
tion. Current direction was less rectilinear and flowed northward with
at relatively low current velocities (< 12.5 cm/s). By contrast, current
direction indicated southward transport deflected E-SE associated with
the highest estimated current velocities (> 12.5 cm/s) (Fig. 11A, C, and

11D). Higher current speeds correspond to periods of southward
moving anticyclonic eddies as documented by Schouten et al. (2003).
Slope morphology constrains current direction near the Almirante Leite
Bank. Steeper slope flanks in this area intensify circulation (> 25 cm/s)
(Fig. 11C). Along the lower slope, simulated currents showed pre-
dominantly northward transport with mean velocities reaching>25
cm/s (Fig. 11). Faster currents occur along steep surfaces around
1800m (Figs. 11B), 2500m (Fig. 11A) and 3000m wd (Fig. 11D and
11E) with mean velocities of ∼12.5 cm/s but locally reaching as much
25 cm/s. Along the abyssal plain, simulated bottom currents intensify
along the Mozambique Ridge with mean velocities oscillating between
12.5 and 25 cm/s (Fig. 11D) and around Mt. Boucart, especially along
its western flank, where mean velocities can exceed 25 cm/s (Fig. 11B).
Current directions indicate predominantly northward transport along
the western side of the margin and eastward deflection in the middle of
the abyssal plain (Fig. 11A and 11E).

5. Discussion

The morpho-sedimentary map and oceanographic features de-
scribed above enable interpretation of sedimentary processes operating
within the Mozambique Channel. Interpretation indeed suggests that
bottom currents adequately explain the formation and variability of
observed contourite features (depositional, erosive and mixed).
Matching contourite types with the relevant bottom water masses al-
lows us to propose a depositional model for the Mozambique Channel.

5.1. Water-mass interfaces sculpt contourite terraces

Contourite terraces 1 and 2 represent regional scale features formed
along the Mozambique Channel while contourite terraces T3 and T4
show much more variation in their spatial distribution (Fig. 4). The
terraces occur in water depths of ∼300m for T1, ∼800m for T2,
∼1500m for T3 and ∼2200m for T4. Hydrographic Sections A and B

Fig. 8. Seismic and hydrographic vertical sections for the Mozambican continental margin. The water column colour ranges indicate salinity (psu), temperature (°C)
and oxygen content (ml/l). These profiles are located in Fig. 1. Water mass interpretations and major contourite features are indicated on the sections. Profile (A)
courtesy of TOTAL and partners and Profiles (B, C) courtesy of INP and WesternGeco Multiclient. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)
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(Fig. 8) cover T1, T2, T3 and T4. These show that terraces occur close to
the present water depth range of various water mass interfaces. For
example, terrace T1 with Tropical + Subtropical Surface Water
(TSW + STSW)/South Indian Central Water (SICW) interface, terrace
T2 with SICW/Antarctic Intermediate Water (AAIW) interface, and
terraces T3 and T4 with AAIW/North Atlantic Deep Water (NADW)
interface. The interfaces (pycnoclines) for T1 and T2 represent sharp
and well-defined density gradients (Fig. 9C). A 700m thick transition
zone marks the interface for T3 and T4 between AAIW (800–1500m
wd) and NADW (2200–3500m wd). The transition zone is marked by a
diffuse density gradient with a gradual transition from one water mass
to the other (Fig. 9C). These interfaces can be affected by different
oceanographic processes, which are described below.

5.1.1. The effect of internal tides
According to both in situ measurements (tidal gauges) and numer-

ical models, the most important harmonic affecting the Mozambique
Channel is semi-diurnal (M2 tidal constituent; 12.42 h) tides (sea-level
amplitudes up to 2m) (Chevane et al., 2016). Manders et al. (2004)
demonstrated that the barotropic tidal current (with the dominant M2

component) velocity oscillates within± 2–5 cm/s in north-south di-
rection. The east-west oriented tidal current oscillates within±1 cm/s
and is thus negligible, except along the shelf (30–70 cm/s; Chevane
et al., 2016). Interaction between the barotropic tidal current with the
bottom topography, in regions where it changes more or less abruptly,
as ridges, banks, slopes, shelf breaks, etc., may often result in the

generation of large internal waves of tidal period, known as internal
(baroclinic) tides (Shanmugam, 2013; Hernández-Molina et al., 2016b).
According to Manders et al. (2004), internal semi-diurnal tidal current
oscillates within±3–4 cm/s, with peaks exceeded 12 cm/s (∼250m
wd). Internal waves of tidal period (M2) are also a major driving force
for vertical displacements of the isopycnals (Maas et al., 2018). Iso-
pycnal displacement (∼100m) produced by internal waves propaga-
tion can be observed directly from Envisat advanced synthetic aperture
radar (ASAR) images (Fig. 10). It shows clear evidence of internal
waves travelling oceanward away from the shelf break (Fig. 10E and
10D) and toward the continental shelf (Fig. 10A, B, and 10C). In Fig. 9,
higher buoyancy (Brunt-Väisälä) frequency is observed on the proximal
and/or nearly flat sector of terrace T1. It coincides with the water depth
range of the interface between TSW + STSW/SICW (∼200 m wd). Da
Silva et al. (2009) observed internal waves travelling at 1.4 m/s with
wavelengths of 0.5 km along the pycnocline near the surface
(∼60–100m). It leads to oscillation around 10 cycl/h which is con-
sistent with values observed along T1 at ∼100m wd (Fig. 9B). For T2,
high values of buoyancy (Brunt-Väisälä) frequency along the water
depth range of the interface between SICW/AAIW (∼800m wd)
(Fig. 9A) indicate a stably-stratified boundary layer, allowing for in-
ternal waves to propagate (Maas et al., 2018). Lastly, Maas et al. (2018)
indicated that the fluctuation of the isopycnal (displacements of 80m)
at 1500 wd was in general dominated by the internal tides, as reported
for internal waves above. This fact point to a probable propagation of
internal waves in the water depth range of T3. However, the study of

Fig. 9. (A) Seismic and hydrographic vertical section for the Mozambican continental margin. Water column colour range indicates the buoyancy (Brunt-Väisälä)
frequency (cycl/h). This profile is denoted as Fig. 6A located in Fig. 4. (B) Inlay illustrating the buoyancy (Brunt-Väisälä) frequency (cycl/h) along contourite terrace
T1. Seismic line courtesy of INP and WesternGeco Multiclient. (C) Panel plots with Depth from pressure (m) vs. Neutral densities (kg/m3) and buoyancy (Brunt-
Väisälä) frequency (cycl/h) at station 17802 (WOD13) located in Fig. 1. The yellow stripes indicate areas potentially correlated with internal wave generation at
interfaces between Subtropical Surface Water (STSW) and South Indian Central Water (SICW), and between SICW and Antarctic Intermediate Water (AAIW). (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Maas et al. (2018) is located along the narrowest part of the Mo-
zambique Channel (17° S) while T3 occurs at around 22° S (Fig. 4). This
assumption remains nevertheless to be confirmed by further studies.
Hence, we suggest that internal waves of tidal period may act as the
primary mechanism in the erosion or non-deposition of contourite
terraces T1, T2 and T3 as have been proposed along the south Atlantic
continental slopes (e.g., Hernández-Molina et al., 2009; Preu et al.,
2013). These can mobilize and re-suspend bottom sediments (e.g.,
Cacchione et al., 2002; McCave, 2009; Pomar et al., 2012; Shanmugam,
2013).

5.1.2. The effect of eddies
Mesoscale eddies (either cyclonic or anticyclonic) can be considered

as a further mechanism (e.g., García et al., 2015). Such eddies are well
described along the Mozambique Channel (De Ruijter et al., 2002).
These eddies have a large barotropic component, affecting the whole

water column with current velocities ∼50 - 25 cm/s at ∼200–300m
wd, respectively (Ternon et al., 2014). Current velocities are, however,
greatly weakened near the bottom (∼10 cm/s at depths > 2000 m)
(Schouten et al., 2003). Consequently, these eddies were able to induce
erosion or non-deposition along the contourite terraces. This finding is
consistent with the area of erosion or non-deposition of T1 along the
Inharrime Terrace (Martin, 1981) (Fig. 4) maintained by strong bottom
currents due to eddies (Lamont et al., 2010; Preu et al., 2011). As a final
remark, internal waves are also likely to be amplified by interaction
with mesoscale eddies (Magalhaes et al., 2014; Xie et al., 2015). Beal
et al. (2006) also suggested eddy-induced generation of internal waves
along the upper boundary of the NADW (∼2200m wd) in the water
depth range of T4 (e.g., Clément et al., 2017).

5.1.3. The effect of along-slope bottom currents
Another possible mechanism controlling sediment dynamics

Fig. 10. Select examples of internal waves (solitons) propagating along the Mozambique Channel. Images (A–C) are located along the Bay of Maputo (from Jackson,
2004) and (D–E) are along the Bight of Sofala (from Magalhaes et al., 2014). Abbreviations: NMB = Northern Mozambique Basin; SMB = Southern Mozambique
Basin; NV = Natal Valley; MozR=Mozambique Ridge; IWs= Internal waves.
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originates from the along-slope bottom currents. Fig. 11 shows clear
evidence for high current velocities influencing T3 and T4 (> 25 cm/s).
For T3, Beal (2009) reported northward flow velocities of 25 cm/s with
peak speed over 95 cm/s at ∼1400m wd within the Agulhas under-
current (1000–2900m wd). Ridderinkhof and de Ruijter (2003) inter-
preted northward flow velocities of 4.5 cm/s with peak speed around
40 cm/s at 1500–2400m wd within the Mozambique undercurrent.
However, it should be noted that geostrophic flows have periods of
intense, reduce or even revert circulation modulated by periodic or a-
periodic processes (eddies, deep water tidal currents, etc.).

Additionally, internal waves may be generated when the along-slope
bottom currents flow over rough topography (Liang and Thurnherr,
2012).

5.2. Along-slope bottom current circulation governs the formation of
plastered drifts

Large-scale plastered drifts (D1 and D2) occur on a regional scale
along the Mozambican margin while plastered drift D3 occurs on a
more local scale (Fig. 4). These occur in basinward areas and in distal

Fig. 11. Results from the Regional Oceanic Modelling System (ROMS) showing mean bottom current velocities along the seafloor of five different sectors indicated in
Fig. 4.
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areas of contourite terraces T1, T2 and T3, respectively (Fig. 6A, C, and
6E). Plastered drift water depths range from ∼300–600m for D1,
∼900–1300m for D2 and ∼1600 to ∼2200m for D3. Their distribu-
tion determines morphological seafloor changes that roughly coincide
with the major physiographic provinces (D1, upper slope; D2, middle
slope; and D3, lower slope; Fig. 5 and 6). Thus, these have significant
effect in the shaping of the continental margin (e.g., Mosher et al.,
2017). Hydrographic sections indicate that D1 and D2 match the near-
bottom layer distribution of water masses bounded by the most pro-
nounced density contrasts (pycnoclines) (Fig. 9). We therefore interpret
large plastered drifts D1 and D2 along the Mozambican slope as influ-
enced by the SICW (200–600m wd) and AAIW (800–1500m wd), re-
spectively (Fig. 8A and 8B). In contrast, plastered drift D3 occurs in the
transition zone between AAIW (800–1500m wd) and NADW
(2200–3500m wd). Along-slope bottom currents move relatively
slowly in the water depth range occupied by the plastered drifts
(∼5–10 cm/s) (Fig. 11). These currents exhibit generally southward
direction over D1 (Fig. 11A), and northward direction over D2 and D3
(Fig. 11B and 11D). This hypothesis is further confirmed by other stu-
dies: Martin (1981) demonstrated that rapid sediment accumulation of
D1 along the Inharrime Terrace occurs under weak southward flow
conditions; and Beal (2009) reported weak northward flow velocities of
10 cm/s at 1100m wd in the water depth range of D2.

These morpho-sedimentary and hydrographic coincidences lead us
to propose that the regional physiographic configuration of the
Mozambican margin is most likely related to along-slope bottom cur-
rents. Seismic profiles indicate that the present-day physiographic
configuration and the sub-bottom architecture of the plastered drifts
have a stable behaviour on geological timescales, as reported by Dingle
et al. (1978) and Preu et al. (2011) for D1 along the Inharrime Terrace.
It allows us to suggest a long-term, stable behaviour of the water masses
(e.g., Rebesco et al., 2014; Ercilla et al., 2016). Thus, the observed
variability of geostrophic flows in the region (eddies, deep water tidal
currents, etc.) appears to have no significant effect in the long-term
shaping of the continental margin. Although their apparent not sig-
nificant effect may simply reflect poor interpretation because their
importance cannot be resolved in our seismic profiles. This point was
mentioned in the study of Ercilla et al. (2016). Lastly, the actual
oceanographic model and all observed variability (eddies, deep water
tidal currents, etc.) might differ over the geological time span of plas-
tered drifts formation. This scenario might explain the present-day
unusual location of D3 in the water depth range of the transition zone
between two water masses (AAIW and NADW).

5.3. Influence of bottom topography on bottom current processes

The AAIW and NADW encounter obstacles such as seamounts (i.e.,
Almirante Leite Bank, Naudé Ridge), the Beira High and the
Mozambique Ridge. These obstacles produce streamline distortions,
creating current cores that can winnow, distribute, erode, and rework
near-surface sediment (e.g., Kennett, 1982; Faugères et al., 1999;
García et al., 2009). The AAIW and NADW usually have main current
cores that run northward, parallel to isobaths along the walls of the
obstacles (e.g., Dingle et al., 1987) (Fig. 11). The velocity of these cores
manifests in erosive features (moats, contourite channels, abraded
surfaces, and lineations; scours and furrows) (Fig. 4). Moats are asso-
ciated with elongated-mounded drifts at the foot of high walls, as well
as the abraded surfaces along their walls (e.g., Kennett, 1982;
Hernández-Molina et al., 2006b) (Figs. 4–6). These features suggest
helicoidal flows around the cores of the current, referred to as ‘hor-
izontal eddies’ (Rebesco et al., 2014). It result from Coriolis effect di-
recting the cores of the current against the adjacent slope eroding the
left side of the moat and depositing sediment on the right side where
the current velocity is lower (e.g., Llave et al., 2001; Faugères and
Mulder, 2011). The currents then form the abraded surfaces north of
the Naudé Ridge (Fig. 6D) and along the steep lower-slopes of the

Mozambique margin (Figs. 5B, 6G and 6H). They also influence con-
tourite channels and moats along the Almirante Leite Bank (Fig. 4), on
the Mozambican lower-slope (Fig. 5B and 6B), at the foot of the Mo-
zambique Ridge (Figs. 5B, 6F and 6G), and eastern-limb of the Beira
High (Fig. 6G), and across deep, E-W corridors within the Mozambique
Ridge (Fig. 4; described in Wiles et al., 2014). Finally, they form
elongated-mounded drifts immediately seaward of moats (Figs. 5B, 6B
and 6F, and 6G). As shown in Fig. 11, bands of high bottom current
velocities (> 25 cm/s) correspond either to the presence of moats/
contourite channels or abraded surfaces, while elongated-mounded
drifts experience the lowest bottom current velocities (< 12.5 cm/s).
Both are associated with northward flowing water masses of the AAIW
and NADW within the Mozambique and Agulhas undercurrents. How-
ever, Fig. 11C shows the complexity of AAIW circulation, a large part of
which is diverted southward. Observations of Dingle et al. (1978) and
Martin (1981) support the interpretation given here by emphasizing
that the deepest moats lie along upstream (NE) flanks of topographic
highs centered on the Almirante Leite Bank between ∼900 and 1300m
wd. This suggests southward flow of the AAIW following the model of
Faugères et al. (1999), Llave et al. (2001), and Hernández-Molina et al.
(2006b). Re-circulation of the AAIW may be due to the occurrence of
passing moving anticyclonic eddies that also carry the RSW southward
at a depth of ∼900–1200m (Gründlingh, 1985; Ridderinkhof and de
Ruijter, 2003). Beal (2009) also defined the core of the Agulhas un-
dercurrent at 1000–2900m wd, where it carries both AAIW and NADW
northward. For the northern part of the Mozambique Channel near 17°
S, Ridderinkhof and de Ruijter (2003) interpreted the core of the Mo-
zambique undercurrent at 1500–2400m wd and suggested entrainment
of the AAIW southward where it exits the local undercurrent.

Sedimentary waves at water depths of 2500–3500m along the
abyssal plain are linked to the presence of the NADW, which would be
locally guided by seafloor irregularities and incisions created by the
Zambezi Valley and seamounts (i.e., Bassas Da India, Mt. Boucart)
(Fig. 4 and 11). Breitzke et al. (2017) demonstrated that these sedi-
mentary waves are draped with sediments, indicating that present-day
velocities cannot erode sediments along this part of the abyssal plain. At
water depths greater than ∼3500m, Breitzke et al. (2017) described
bedforms as consisting mainly of large sedimentary waves, giant ero-
sional scours, and furrows. These occur in the transition zone (∼500m)
between the NADW (<3500m) and the AABW (>4000m) and within
the AABW. Crests tend to be aligned oblique to the current direction in
the case of sedimentary waves associated with geostrophic bottom
currents (Fox et al., 1968; Manley and Flood, 1993). Simulation results
(Fig. 11E) demonstrate that bottom currents direction is consistent with
the oblique alignments of the sediment wave crests (Fig. 4). Here, the
shallow bathymetry (< 4000m wd) of the northern part of the margin
topographically blocks the AABW to the north and deflects it eastward.
Thus, we can infer that these features likely result from the geostrophic
flows (∼12.5 cm/s), being aided by internal waves in the transition
zone of NADW and AABW (3500–4000m wd) (Kolla et al., 1980).
Furrows, observed to run oblique relative to the main bottom currents,
and scours point toward the northward flowing AABW (Fig. 4 and 11E).
Furthermore, high northward flow velocities (> 25 cm/s) at the foot of
the Mozambique Ridge (along 37° E, Fig. 11E) suggest the role of
‘horizontal eddies’ in generating these features (e.g., Hernández-Molina
et al., 2014).

5.4. A model for deep-sea sedimentation in the Mozambique channel

We present a new model for deep-sea sedimentation within the
Mozambique Channel (Fig. 12). Sediments from the continent are
mainly transported by the Zambezi, Limpopo, and Tugela rivers. When
these rivers reach coastal areas, the Mozambique Current and Agulhas
Current quickly disperse the suspended sediment over large areas along
the continental shelf and upper slope. The Mozambique Undercurrent
and Agulhas Undercurrent subsequently transport and deposit the
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sediment along the middle-lower slopes, base-of-slope, seamount
flanks, and abyssal plain. The TSW + STSW (+Tropical Thermocline
Water)/SICW, SICW/AAIW (+RSW), AAIW (+RSW)/NADW, and
NADW/AABW interfaces along the Mozambican margin form super-
imposed nepheloid layers by settling processes (McCave and Tucholke,
1986; Preu et al., 2013). For example, fine-grained sediments arriving
as turbidity currents from the continent are remobilized by the NADW/
AABW interface and subsequently concentrated into a dense nepheloid
layer between 3500 and 4500m wd (Kolla et al., 1980). These layers
represent a major regional/basin scale transport mechanism for fine-
grained sediments at different water depths. They deposit sediments
laterally and basinward with a dominant along-slope component. Ma-
terial in the Mozambique Channel can thus experience significant
transport over long distances prior to deposition. Turbulent processes
generated at the interfaces (e.g., internal waves) interacting with the
continental slope/shelf may induce bottom current erosion, re-suspen-
sion, and redistribution of sediment (e.g., Dickson and McCave, 1986;
Cacchione et al., 2002; Pomar et al., 2012; Shanmugam, 2013, 2014).
These mechanisms change slope morphology by steepening upslope and
developing a terrace-like feature along the water mass interface
(Hernández-Molina et al., 2009; Preu et al., 2013). This sweep and
winnow of the seafloor may also supply the nepheloid layers with se-
diment at the seaward limit of the terrace (Dickson and McCave, 1986;
Puig et al., 2004; Wilson et al., 2015). Kolla et al. (1980) suggested that
sedimentary waves on the Mozambican abyssal plain can result from
very deep internal waves (e.g., van Haren and Gostiaux, 2011) focused
on the nepheloid layer at the NADW/AABW interface between 3500
and 4500m wd. Deposition occurs mainly in areas experiencing rela-
tively low current velocities where settling of suspended particles can
form contourite drifts (Miramontes et al., 2016; Cattaneo et al., 2017).
Large-scale velocity variation in current pathways may reflect strong
rotational current velocities (> 70 cm/s) due to southward moving
anticyclonic eddies (Ridderinkhof and de Ruijter, 2003) interacting
with the Mozambican margin morphology (Dingle et al., 1987).

Contourite drifts can also form from local reworking of the seafloor by
bottom currents (e.g., ‘horizontal eddies’). In this case, topography in-
fluences the velocity of the impinging water-mass and sediments de-
posit near the eroded source area (Rebesco and Camerlenghi, 2008).
Coriolis forcing of northward currents towards the Mozambican margin
(e.g., Faugères and Mulder, 2011) can amplify this effect. In the de-
positional model for the Mozambique Channel described here, most
present-day sedimentary processes and their morpho-sedimentary pro-
ducts result from bottom current processes. Observations from similar
European and South American margins (Hernández-Molina et al., 2011,
2016a; Ercilla et al., 2016; Preu et al., 2013) support this interpretation.

Based on our results, two important aspects should be considered for
improving this sedimentary model in the future. First, we show a
dominance of across-slope gravity-driven processes operating along the
northern sector of the Mozambican margin (Fig. 4). Slope and shelf
areas associated with the northern sector experienced high rates of
sediment than those located in the central and southern sectors (e.g.,
estimated present annual sedimentary input: 100∙106 t from the Zam-
bezi River; 4.8∙106 t from the Limpopo River, Milliman, 1981). In the
northern sector, high rates of sediment delivery beginning in the Plio-
cene and continuing up to present (Dingle et al., 1983; Walford et al.,
2005; Franke et al., 2015) may have conditioned large MTDs and
maintained turbidity currents through time. In the central and southern
sectors, limited sediment supply between the Pliocene and present
(Green et al., 2008; Green, 2011; Said et al., 2015; Hicks and Green,
2016) led to a predominance of along-slope (contourite) processes. The
northern sector, however reveals a combination of along-slope (i.e., T1
and D1) and across-slope (i.e., MTDs, turbidity currents) processes that
may be related to sea-level fluctuations during glacial and inter-glacial
periods (Wiles et al., 2017). During interglacial periods, sediments in
front of the Zambezi River (‘inner mud belt’) are transported northward
along the ‘inner’ shelf. Much of these sediments transfer through upper
slope canyons of the Angoche SCS, few of these sediments are trans-
ported southward along the ‘outer’ shelf (‘outer mud belt’) toward the

Fig. 12. (A) 3D sketch summarizing the conceptual model of the effect of bottom current processes on deep-water sedimentation along the Mozambique Channel.
Simplified morpho-sedimentary and hydrographic features are shown. (B) Schematic model for the Mozambique Channel explaining water mass interface processes.
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Middle and Lower Zambezi SCSs (Schulz et al., 2011; Wiles et al., 2017)
(Fig. 4). This flux can be expected to have resulted in greater downslope
transport (i.e., MTDs and turbidity currents) in front of the Angoche
SCS than in front of the Middle and Lower Zambezi SCSs as it reached
the shelf edge (Wiles et al., 2017) and may inhibit along-slope processes
and their sedimentary features. Furthermore, shelf morphology (depth
of the shelf-break, width of the shelf, etc.) during interglacial periods
(such as in present-day, Wiles et al., 2017) is suitable for internal waves
to propagate along the shelf edge, especially in front of the Middle and
Lower Zambezi SCSs (Da Silva et al., 2009). Internal waves contributed
to erosion, re-suspension, and redistribution of sediments along the
upper slope, forming contourite terrace T1 and plastered drift D1 (e.g.,
Preu et al., 2013). During glacial periods, greater sediments supply and
variation of the shelf morphology in front of the Middle and Lower
Zambezi SCSs probably facilitate downslope sediment transport (Wiles
et al., 2017) along the continental slope as well as preclude generation
of internal waves. Further research can confirm or refute this hypoth-
esis.

Second, a particular deep plastered drift (D3) occurs over a specific
water depth range in the transition zone between two water masses
(AAIW and NADW) while upper plastered drifts (D2 and D3) match
water depth ranges of water masses (SICW and AAIW) between density
interfaces (pycnoclines) (e.g., Preu et al., 2013; Rebesco et al., 2014).
However, the interpretation of D3 being generated in the transition
zone between two water masses is questionable and it could be related
to vertical movement of interfaces. The plastered drift formation is the
result of processes acting on longer geological times. During the Qua-
ternary, the Atlantic and Southwest Indian water-mass circulation and
spatial fluctuations in water-mass interfaces may have been controlled
by the Agulhas leakage (Hall et al., 2017) with less leakage during full
glacial times than interglacial times (Peeters et al., 2004; Caley et al.,
2012; Petrick et al., 2015). Variations of the Agulhas leakage have led
to a weakening of the NADW flow during glacial stages, allowing the
deep Antarctic water masses (CDW and AABW) to extend farther north
than it does today (Bickert and Wefer, 1996; Pena and Goldstein, 2014).
During cold (glacial) periods under this scenario, the oceanographic
setting would differ from the present one and may have potentially
provoked vertical and lateral variations of the interfaces and the asso-
ciated oceanographic processes (e.g., internal waves), displacing drift
D3 under the influence of deep Antarctic water masses. This inter-
pretation is supported by Breitzke et al. (2017) suggesting that sedi-
mentary waves under the water depth range of the NADW along the
abyssal plain (Fig. 4) are draped with sediments. Thus, sedimentary
waves might be related to strong bottom currents during cold periods,
potentially under the AABW flow. While the discussion given above is
somewhat speculative, and open a discussion proposed by Preu et al.
(2013) in Argentine/Uruguay and Hernández-Molina et al. (2017b) in
the Pacific margin of the Antarctic Peninsula about if some deep water
features in the ocean are functional or relict. Are observed drifts and
contourite terraces identify in deep-environments (lower slope and
basin floor) relate to the same water masses structure than observed
today? The conditions and timing of their formation, remain still un-
resolved but future research should address these questions.

6. Conclusion

This work interpreted a number of large contourite deposits along
the Mozambique Channel and their associated bottom currents and
oceanographic processes. The oceanographic processes described act in
combination to determine the bottom current's local direction and ve-
locity. Although many of these processes and their effects on deep-
water sedimentation are not fully understood, local or regional inter-
action of these processes with the seafloor influences morphology and
sediment distribution along the Mozambican continental margin and
adjacent Durban basin. This study came to fourth major conclusions:

a) The first and most important finding is that internal waves originate
from instabilities in the transition zone (interfaces/pycnoclines)
between two water masses, caused by eddies, tidal and geostrophic
currents being aided by topography. It provides the most plausible
mechanism for sculpting contourite terraces (T1 to T4 in this study),
facilitating erosion, re-suspension and redistribution of sediments
(e.g., nepheloid layers).

b) Second, weak along-slope bottom currents on the plastered drifts
(D1 to D3) rarely exceed 12.5 cm/s and thus promote the settling of
suspended particles. Growth of plastered drifts D1 and D2 is fa-
cilitated by weak along-slope bottom currents of two major water-
masses circulating in the Mozambique Channel (i.e., SICW and
AAIW) or a counteraction of such currents with periodic or a-peri-
odic processes (e.g., eddies, deep water tidal currents), reducing
current velocities.

c) Third, the strengthening of along-slope bottom currents (e.g.,
Coriolis Effect, eddies, deep water tidal currents), being aided by
seafloor irregularities would result in ‘horizontal eddies’. Hence,
these currents lead to erosion inside the moat and deposition on the
elongated-mounded drift. Our study show that these drifts can de-
velop inside the transition zone. Nevertheless, the finding in our
study and limitations in the hydrodynamic modelling (e.g., sec-
ondary processes) point out a need for further studies, not only
based on numerical simulations but also by field measurements (i.e.,
sedimentary cores and mooring scheme) to better quantify the im-
pact of instabilities on contouritic depositional systems.

d) The fourth finding is that the specific plastered drift D3 in our study
area occurs in the transition zone between two water masses (AAIW
and NADW), and forms on a much smaller lateral scale. This marks a
major difference between the plastered drift investigated here and
the existing paradigm that plastered drifts are often formed below
water mass interfaces (such as D1 and D2). A possible explanation
for that could be related to the fact that, through geological times,
vertical movements of water masses and associated interfaces oc-
curred, as reported in the south Atlantic by Preu et al. (2013), where
the AABW was thicker, more vigorous and its top quite shallower
during glacial stages compared with interglacial stages, as the pre-
sent one. This hypothesis highlight new and important considera-
tions: are all present morphologies in deep marine environment
functional? Can some depositional and erosional features, especially
in the deepest oceans, be relicts, being active under different ocea-
nographic processes than the present ones?
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