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Michel Séranne Ł , César-Rostand Nzé Abeigne
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Abstract
Seismic reflection profiles on the slope of the south Gabon continental margin display furrows 2 km wide and
some 200 m deep, that develop normal to the margin in 500–1500 m water depth. Furrows are characterised by an
aggradation=progradation pattern which leads to margin-parallel, northwestward migration of their axes through time.
These structures, previously interpreted as turbidity current channels, display the distinctive seismic image and internal
organisation of sediment drifts, constructed by the activity of bottom currents. Sediment drifts were initiated above a major
Oligocene unconformity, and they developed within a Oligocene to Present megasequence of general progradation of the
margin, whilst they are markedly absent from the underlying Late Cretaceous–Eocene aggradation megasequence. The
presence of upslope migrating sediment waves, and the northwest migration of the sediment drifts indicate deposition by
bottom current flowing upslope, under the influence of the Coriolis force. Such landwards-directed bottom currents on the
slope probably represent coastal upwelling, which has been active along the west Africa margin throughout the Neogene.
 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Sedimentation on continental shelves has been
the subject of intense studies for several decades.
Sedimentary processes on continental margins are
presently receiving increased attention since the discovery of large hydrocarbon reservoirs in the deep
offshore South Atlantic, and was prompted by the
progress of technology allowing deep-water indusŁ Corresponding

author. Tel.: C33-467-544-811; Fax: C33-467523-908; E-mail: seranne@dstu.univ-montp2.fr

trial drilling. Knowledge of sediments and sedimentary processes in deep water (>200 m bathymetry)
relies on facies analyses of sedimentary basins (e.g.
Carminatti and Scarton, 1991; Mutti et al., 1992).
Stratal relationships across the slope are critical in
understanding the sedimentary processes involved.
This is particularly true in areas where geometry is
the only feature available for investigation.
In spite of the variety of both sedimentary facies
(Pickering et al., 1986) and processes involved in the
deep-sea environment (Stow, 1994), a great deal of
attention has been focused on turbidites. The current
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view is that most sedimentation in deep water can
be related to a generalised ‘turbidite model’. This
comprises an upper area where sediment is supplied
or reworked, an intermediate area where sediment
is transported (channels), and a lower area where
most of the deposition occurs (fan lobes). The predictive properties of this model explain its success
amongst explorationists. However, a controversy recently arose about whether the turbidite paradigm
could be applied to a number of reputed turbidites
(Shanmugam and Moiola, 1995, 1997; Slatt et al.,
1997). Observations in the modern ocean provide evidence for a wide distribution of sediment drifts and
suggest that bottom currents played a significant role
in their deposition (e.g. Faugères et al., 1984; Stoker,
1998; Stow et al., 1998). In addition, interpretations
of seismic reflection surveys show that sediment
drifts represent a significant part of the Neogene
geological record, not only in the abyssal basins
(e.g. Tucholke and Mountain, 1979), but also on the
slopes of continental margins (Fulthorpe and Carter,
1991; Howe et al., 1994; Carter et al., 1996; Stoker,
1998; Viana et al., 1998). These findings strongly
contrast with the scarce field-based descriptions of
contourites and sediment drifts (Stow et al., 1998),
and it may suggest that some bottom-current deposits
have erroneously been interpreted as turbidites (see
discussion in Mutti et al., 1992).
Although the existence of bottom currents with
the ability to erode, transport and deposit sediment,
has been recognised for several decades (Heezen
et al., 1966), contourite deposits remain relatively
poorly described deposits. The diversity of sediment drifts, expressed by variable geometry (Stoker,
1998), and with a wide distribution across abyssal
basins (Driscoll and Laine, 1996) and continental
slopes (Howe et al., 1994), and in different bathymetric settings (Faugères et al., 1984; Marani et
al., 1993), reflect the complexity of interaction of
deep-water circulation and sediment supply.
The aim of this paper is to describe the geometry of large-scale sediment drifts on the slope of
the Gabon continental passive margin. The existence
of a significant proportion of sediment drifts in the
Tertiary sequences of the west Africa continental
margin has implications for the sedimentary models
used for exploration. This is particularly the case
for the presence and expected geometry of reser-

voirs on the slope, correlation between slope and
basin deposits, and in terms of the origin and nature
of the sediment supply. The geometry of sediment
drifts can provide basic information on the currents
responsible for their formation. Conversely, analyses of sediment drifts can be useful in deciphering
the Oligocene–Neogene history of ocean circulation
in the low-latitude southeast Atlantic. This paper is
based on the interpretation of structures observed on
industrial multichannel seismic reflection profiles,
and limited borehole data, subsequently, the precise
stratigraphy and the sedimentology of the drifts remain unknown. However, the large-scale geometrical
features are sufficiently well documented to propose
an interpretation and to fuel new discussions on
the processes responsible for the formation of slope
sediment drifts.

2. Physiography and oceanography
The eastern South Atlantic (Fig. 1) encompasses
a number of deep basins (Guinea, Angola and Cape
basins) separated by the NE-trending Guinea and
Walvis ridges, respectively. To the east, the Angola Basin passes to the Zaire (Congo) fan, and the
smaller Cuanza (Kwanza) fan. The transition from
the rise to the slope, at about 3000 m depth, corresponds to an increase in the mean slope angle from
0.2º to 2º. From offshore Gabon to northern Angola,
the base of the continental slope is marked by a
topographic escarpment several hundred metres high
(the Congo and Angola escarpments; Emery et al.,
1975). The slope extends between the escarpments
and an acute shelf break at 200 m water depth.
The upper slope presents the steepest angles (locally
up to 4.5º). This SE-striking slope displays a similar profile over several hundreds of kilometres from
the Ogooué River mouth (Gabon, Fig. 1), southeastwards. It is interrupted by the Zaire canyon, which
cross-cuts the continental slope and directly links
the shelf to the basin (Droz et al., 1996). The present-day coastline from Gabon to the mouth of the
Zaire River is marked by coastal sand barriers whose
construction formed a succession of swamps and
lagoons. The shape of the coastal sand barriers results from a northwestward-flowing long-shore current (Richard and Léonard, 1993), which is in agree-
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Fig. 1. (a) Map of the west Africa margin and southeast Atlantic, showing the main study area, the important physiographic features, and
the principal surface currents. (b) Location map of the study area, offshore south Gabon. Seismic reflection data (Western Geophysical
and GECO) cover the shelf and the slope. Sections shown in this contribution are indicated.
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ment with Pleistocene and Recent oceanographic
data (Jansen et al., 1984). The Gulf of Guinea is
presently subjected to seasonal monsoons associated
with upwelling along the coast (Servain et al., 1985;
Schneider et al., 1997; Berger et al., 1998).

3. Geological setting
The continental margin of the Gulf of Guinea
(from Cameroon to Angola, Fig. 1a) results from the
Neocomian rifting and late Aptian to Present opening of the South Atlantic (Rabinowitz and LaBreque,
1979). The structure and evolution of the west Africa
margin is revealed by regional seismic reflection
profiles (Emery et al., 1975; Rosendahl et al., 1991;
Wannesson et al., 1991; Meyers et al., 1996), and
from DSDP boreholes 364 and 365 located in the
southern Angola Basin (Bolli et al., 1978). In addition, hydrocarbon exploration progressively releases
new detailed data (Brice et al., 1982; Teisserenc and
Villemin, 1989; Séranne et al., 1992; Turner, 1995;
Spathopoulos, 1996). The southern Gabon margin
(Fig. 1b) displays an architecture similar to neighbouring segments of the southwest Africa margin
(Fig. 2). Seismic reflection profiles display preAptian continental synrift deposits, and a prominent

break-up unconformity, beneath thick evaporites of
Aptian age which have induced complex gravitationally driven tectonics within the overlying post-rift
marine succession (Albian to Present). The extension-dominated domain underlying the shelf and the
upper slope gives way basinwards to a series of
thrusts (Morley and Guerin, 1996) whose shortening
balances extension in the upper margin, and which
form a bulge at the base of the slope. This bulge
corresponds to the topographic escarpments (Fig. 1a)
(Uchupi, 1992). Seismic stratigraphy allows a division of the post-rift succession into two first-order
seismic units separated by a major Oligocene unconformity (Séranne et al., 1992) (Fig. 2). The earlier
post-rift unit (Albian to Eocene) is characterised
by aggradation, representing a transgressive phase.
The major unconformity which separates the two
seismic units truncates the underlying unit in the
shelf-break area and in the upper slope, whereas it
becomes conformable basinwards, from the middle
slope. The overlying seismic unit (Neogene–Present)
was mostly deposited on the slope, and is characterised by the progradation of clastic terrigenous
sediment across the outer shelf and the slope. This
Neogene prograding unit displays several sequences
bounded by erosional unconformities on the upper
slope, and specific features described below.

Fig. 2. Structure of the post-rift sequence of south Gabon (left) and correlation of seismic markers and sequences with lithostratigraphic
column. Western Geophysical seismic reflection profile, vertical scale in seconds two-way-time (s TWT).
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4. Geometry from seismic reflection profiles
The sedimentary features we document are
present on regional, 10 km spaced, 2D migrated
seismic reflection surveys, acquired by Western Geophysical and GECO. The seismic data cover the
whole shelf and upper slope, down to 2800 m
bathymetry (Fig. 1b). Borehole data from wells located on the upper slope do not allow a sedimentological study, nor a precise biochronology, for the
time interval of interest (post-Eocene). They have
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been used, in correlation with wells on the shelf, to
define a main chronological framework.
Seismic reflection profiles parallel to the NWtrending present-day shelf edge (strike sections) display a series of similar structures that appear as stacks
of NW-dipping sigmoidal reflectors, contrasting with
the sub-horizontal-parallel general attitude of the reflections (Fig. 3a). These structures develop within
the prograding Neogene strata series and affect the
seafloor, where they appear on seismic profiles as
troughs about 0.2 to 0.3 s TWT deep. Correlation

Fig. 3. Migrating structures as observed on strike seismic profile (a), expressed by aggradation and progradation towards the northwest
of sigmoidal reflectors. The seafloor is affected by a moat, showing that the structure is still active. Note the tabular reflectors outside
the moat (GECO seismic reflection profile, vertical scale in s TWT). A bathymetric profile (b) shows the topographic expression of the
present moat.
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of these features on parallel profiles across the slope
reveals elongated furrows which we term moats.
Sub-parallel moats are observed on the present
seafloor, just seaward of the shelf edge, at depths
between 0.5 s TWT (two-way-time) and less than
2.2 s TWT, i.e. between 400 m and 1650 m water
depth. Depth conversion of the seismic profile, using
a velocity of 1500 m=s in water yields the profile of
the moats (Fig. 3b). They are 100–200 m deep and
about 2 km wide, with lateral slopes of some 20º to
25º. They are broadly U-shaped with wider examples
displaying a flattened floor. The spacing between
adjacent moats ranges from 2 to 10 km, 7 to 8 km
being the most frequent spacing. Moats are straight
and can be traced in the dip direction for more than
15 km. In strike section they appear as a stacking
of clinoforms aggrading and prograding northwestwards at an average rate of 350 m per 0.1 s TWT. At
any time, the southeast limb of the moat is formed by
the top of the clinoform, while the northwest flank
is a concave-up surface onto which the clinoforms
downlap. The most striking feature is the consistency
of the northwestward direction of migration. In the
uppermost part of the slope, the moats are filled by
onlapping younger formations. The map in Fig. 4
depicts the location of the axes of the moats on three
horizons, representing three successive time slices.
The older horizon corresponds to the Oligocene major unconformity (see that marker on Fig. 2), the
next horizon corresponds to a marker located within
the (Upper?) Miocene, and finally, the seafloor indicates the present-day position of the moats. This map
emphasises the lateral migration of individual moats
and the persistency of some through time. The northwestern part of the area is characterised by narrower
moats that cannot be correlated from one profile to
the next. These moats present a different structure, in
that they are not migrating and their position seems
to be constrained by synsedimentary faulting. Their
relationship with the moats which are the topic of
the present study is questionable, and they will not
be considered further in the rest of this contribution.
The characteristics of the seafloor reflector in
the migrating moats (Fig. 3) suggest that they are
not filled with slumps or ooze, but are flushed as
well as the inter-moat areas. Inter-moat zones are
characterised by continuous sub-horizontal-parallel
reflectors. Unlike seismic images of channels (e.g.

Pirmez and Flood, 1995), there is no evidence of
levee deposits on either side of a moat.
Moats can seldom be directly observed in dip section. This is mostly due to their orientation. However,
some sections (Fig. 5) show the top of one moat crosscut at a low angle with respect to its axis. The landward side of the moat consists of a surface which either truncates or drapes the underlying reflectors. The
basinward margin is characterised by convex-upward
reflectors that converge and onlap upslope. The floor
of the moat is characterised by high-amplitude reflectors. The margins imaged on this dip section thus
correspond to the NW-eroding and the SE-prograding
margins of the moat, respectively.
Cross-correlation of the strike lines (Fig. 6) with
dip profiles (Fig. 7) shows that the migrating moats
develop on the upper slope, on the seabed with
slopes at 3º to 4º. The seafloor reflector is remarkably smooth in comparison to the underlying
reflectors of the Neogene prograding unit which is
affected by faulting and long-wave folding (Fig. 7).
Smaller sediment waves with a component of upslope migration sometimes occur on the seafloor,
between the moats (Fig. 8). Both features strongly
suggest bottom-current flow on the slope. The area
occupied by the moats on the upper slope (Fig. 6a)
appears on the dip profile as an aggrading interval
consisting of semi-continuous, parallel reflectors often cut by minor, low-angle erosional surfaces. In the
intermediate slope (Fig. 6b), moats are not presently
active, but there is evidence of migrating moats
in earlier sequences. The dip profile displays 10–
20-km-long clinoforms that downlap onto the middle slope. Several sequences of progradation can be
identified. The clinoforms are separated by downlap
surfaces characterised by energetic and continuous
seismic reflections overlain by a transparent interval
into which merge the apparently downlapping reflectors. In fact, the latter may distally pass to a very
thin interval of sediment, below seismic resolution,
thus resulting in a downlapping ‘surface’. On strike
section (Fig. 6c), prograding clinoforms display reduced thickness in comparison to the upper slope.
Sequences show long-wavelength thickness variations, and low-angle downlap and=or onlap, thus
defining a lobe geometry for the envelope of the
prograding clinoforms. This stacking of clinoforms
beneath the upper slope results in the production
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Fig. 4. Map of the moat axes on three seismic markers representing three time slices, superimposed onto the isopach map (in ms) of
the progradation megasequence (Oligocene to Present) over the study area. Moats are normal to the shelf edge and are migrating to the
northwest through time. This figure shows that the progradation megasequence is not present on the shelf, thickens in the upper slope,
thins basinwards, and that the moats are located in the thick part of the progradation megasequence, just landward of the maximum
thickness.

of thicker deposits in a band parallel to the margin
(Fig. 4). The whole prograding sequence is thicker
in the upper slope, corresponding to the area occupied by the moats and immediately basinward of
them, whereas it thins basinwards. This suggests that
the moats are related to depositional, rather than
transport, processes.

5. Distribution in the stratigraphic record
On the outer shelf and upper slope, the prograding unit is thin and incomplete because of sediment by-passing and erosion, whilst the prograding
unit thickens basinward, due to the deposition of
more complete and additional, onlapping sequences
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Fig. 5. Moat seen on two parallel strike profiles that cut the axis at very low angle (see Fig. 1 for location). GECO seismic reflection
profiles, vertical scale in s TWT.

(Séranne et al., 1992). The prograding unit is drilled
only in the uppermost slope, where it is characterised by hiatuses of up to 10 m.y. In addition, until

recently, the main exploration targets being in Late
Cretaceous sediments, less attention was given to
the younger sequences in analysing borehole data.
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This results in difficulties in correlating reflectors
downdip, and in loosely controlled biostratigraphic
attributions within the Oligocene–Neogene interval.
Despite of the low stratigraphic resolution, it is
possible to analyse the main stages of evolution of
the migrating moats. These are exclusively observed
in the prograding unit, above the major Oligocene
unconformity (Fig. 9). Their distinctive geometry
is never observed in the Late Cretaceous–Eocene
aggrading unit. Their evolution reveals a certain
amount of variability which is grossly related to their
position on the margin. Seismic profiles located close
to the shelf edge show that the migrating structures
first occur immediately above the major Oligocene
unconformity, and that they actively migrated alongslope during the Miocene (there is an Oligocene
hiatus beneath the outer shelf and upper slope). Most
of the moats are subsequently filled by onlapping reflectors. Some individual structures are presently still
active at ca. 500 m seafloor depth). The intermediate
strike profiles (e.g. Fig. 6b) show that the migrating
structures develop above an interval of low-continuity reflectors that overlies the Oligocene major
unconformity. Finally, the most distal strike profiles
(e.g. Fig. 6c) show only long-wavelength, low-amplitude reflections typical of depositional lobes. Observation of the present-day seafloor indicates that the
processes responsible for the development of the
moats are active on the depositional surface, at 600
m–1600 m water depth, off the shelf edge, and that
the moats disappear basinward (Fig. 9). With the
overall progradation of the margin, shallowing occurs on a given transect. When the depositional surface becomes shallower than 500–600 m, the moats
become inactive and they are subsequently filled by
the sediments of the prograding margin. Similarly,
deeper parts of the slope, initially dominated by lobe
deposition, become shallower with time and enter
the bathymetric interval prone to the development of
moats.
Moats initially developed above the major Oligocene unconformity, and were preferentially located
atop the incised canyons, but there are examples of
moats constructed on even surfaces (Fig. 10). On the
upper slope, some moats occur throughout the complete prograding unit, and up to the present seafloor
(Fig. 10b). In the absence of precise stratigraphic control the rate of migration cannot be calculated. It may
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be noted, however, that the apparent rate of migration
of the moats is almost constant both at different places
in the slope and through time, in spite of the expected
variable rate of sediment accumulation throughout the
deposition of the prograding unit.

6. Interpretation: bottom-current flow and
sediment drifts
In this section we discuss possible interpretations
of the origin of the depositional structures analysed
in this contribution.
Several lines of evidence show that the structures
observed on the upper slope of the Gabon margin are
not the result of SE-dipping listric faults. Many of
the reflectors are not truncated along the northwest
margin, but drape the underlying clinoform. No fault
trace can be observed below the prograding clinoforms. Consistent orientation of the structures cannot
be accounted for by a gravitational faulting mechanism, since there is no evidence of a decollement
level, let alone of a consistent southeast dip for it.
Canyons and channels are often present on continental margins, they allow transit of sediments from
the shelf to the rise. Examples from continental
slopes (e.g. Pratson et al., 1994) consist of sub-parallel canyons truncating older strata and are correlated
with regional erosional unconformities. Canyons are
stacked vertically and do not show evidence of lateral migration. On submarine fans, turbidite channels
display meanders, with well developed levees (e.g.
Droz et al., 1996). For the features on the Gabon
margin, the consistency of the northwestward migration precludes a meander migration interpretation,
and the lack of structures that can be correlated with
levee deposits suggests that these features are not
turbidite channels.
The moats on the Gabon margin have been interpreted as erosional canyons (Rasmussen, 1994,
1997). According to that interpretation, the process is divided into four stages: canyon formation
during sea-level lowering, lateral accretion within
the canyon during lowstand, aggradation of canyon
fill during sea-level rise, and finally, deposition of
horizontal strata within the canyon during highstand (Fig. 11a). However, several observations argue against such an interpretation.
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(1) As indicated by the geometry of the underlying reflectors, the initial topography is not always
the result of erosion (‘canyon’). Migrating structures may also initiate and develop above grabens
or against mounded structures constructed on even
surfaces (Figs. 10 and 11b).
(2) The stability of some of the migrating moats
throughout the Neogene, until the present-day, points
to similar rates of aggradation within and outside
the moats. Lateral accretion and aggradation in the
canyon only, would inevitably lead to a rapid infilling
of the structure. In fact, examples of infilling of
the migrating structures are found in the uppermost
slope and in the shelf edge area, where the overall
progradation of the margin has led to a shallowing,
and the consequent end of migration (see above).
(3) If the evolution of ‘canyons’ is controlled by
sea-level changes, then canyons located at the same
stratigraphic interval should display a similar evolution, inasmuch that the effects of sea-level changes
are expected to be general to the margin. This is in
contradiction with the different stratal pattern exhibited by neighbouring migrating structures (Fig. 6a,b).
For example, one single reflector corresponds to horizontal strata filling a canyon (‘highstand’) while 2
km to the southeast, this reflector corresponds to
lateral accretion (‘lowstand’). Similarly, the different
stratigraphic distribution of the migrating structures
observed on successively deeper strike profiles suggests a process of formation unrelated to sea-level
change.
(4) Finally, structures that are stable throughout
the Neogene until Present imply a long-term process corresponding to many second- or third-order
eustatic cycles, which are not consistently recorded.
It is not clear whether the evolution of the channels proposed by Rasmussen (1994) corresponds to
the long-term evolution corresponding to the entire
progradation unit (second-order eustatic cycle?), or
to a shorter-term evolution corresponding to a thirdorder eustatic cycle.
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The data suggest that the structures observed on
the Gabon margin result from depositional processes
controlled by bottom currents. The information provided by dip and strike profiles allows the construction of a model of the structures (Fig. 12). Linear
moats, normal to the shelf edge, separate tabular
bodies 20 to 25 km long and 2 to 8 km wide that
dip downslope. Moats disappear on the lower slope,
where the tabular bodies merge into long-wave, lowamplitude, undulating depositional bodies (Fig. 12).
The seismic images of the studied structures are
similar with respect to internal geometry, scale, and
associations, to examples of sediment drifts and contourites published in the literature. More specifically,
the converging onlap termination associated with a
topographic depression on dip profiles (e.g. Fig. 5)
is equivalent to the moats which bound ridges in the
Rockall Trough (offshore northwest Britain) (Howe
et al., 1994; Stoker, 1997; Stoker et al., 1998),
and to the boundary channel of sediment drifts in
the Italy–Albania Strait (Marani et al., 1993). In
these examples, moats are bounding convex-upward
bodies which either encompass a wide sedimentation area, tabular over several kilometres (‘broad
sheeted drifts’), or else correspond to a suite of convex-upward bodies (‘elongated drifts’). The internal
geometry of the Gabon moats corresponds to the
former model, whereas their dimensions relate better to the latter (southwest end of sections Fig. 5).
Oceanward of the moats, the long-wave, low-amplitude geometry of the depositional bodies (Fig. 6c)
corresponds to broad sheeted drifts. The migrating
moats seen on strike sections, i.e. normal to their
axes, are equivalent to the sediment drifts of the
Canterbury Basin (offshore southeast New Zealand)
(Fulthorpe and Carter, 1991; Carter et al., 1996),
with the difference that the New Zealand examples
migrate upslope rather than along-slope, and accordingly exhibit slope-parallel moats.
On the Gabon slope, the broad sheeted drifts correspond to areas of deposition, while the north-

Fig. 6. Three parallel strike seismic profiles (GECO) normal to and intersecting a dip profile (Fig. 7). The strike profiles are from
the upper (a), intermediate (b), and lower (c) slope. The major Oligocene unconformity is represented by a bold dashed line, and one
reference sequence is indicated in grey overlay in order to facilitate correlation and to show the thickness variation across the slope
(vertical scale in s TWT).
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Fig. 7. Dip seismic profile across the slope (GECO) showing the general basinward progradation. The Oligocene major unconformity and the same reference sequence as
in Fig. 6 are indicated, as well as the intersections with the strike profiles (vertical scale in s TWT).
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Fig. 8. Sediment waves suggesting an upslope component of migration. (GECO seismic reflection profiles, vertical scale in s TWT).

western limbs of the moats are areas of non-deposition (or erosion). The whole system is constructed
by a long-term steady-state balance between aggradation (sediment accumulation) and lateral progradation (northwest migration) (Fig. 12).

7. Dynamic model of sediment drifts
The energy partitioning between deposition in the
drifts, and non-deposition or erosion in the moats
must result from a funnelling of currents, inducing
an increase in flow velocity through the moats, and
thus preventing deposition. Our seismic interpretation suggests that the initial erosional topography
(canyons) was inherited from the cutting of the
Oligocene unconformity (Fig. 10), subsequently to
which the moat-drift configuration has been maintained by bottom-current flow.
Sediment drifts are formed by currents whose
sense can be determined from the observation of several features. Sediment waves develop crests normal
to the current flow and the sense of their migration
indicates the direction of the current (e.g. Behrens,
1994). Direct measurements in the deep ocean show
also that some currents flow parallel to furrows (e.g.
Embley et al., 1980). Studies on continental margins

also suggest that moats can channelise bottom currents (Faugères et al., 1984). In other instances it can
be shown that channel-like features are constructed
parallel to flow (Faugères et al., 1984; Marani et
al., 1993; Ben-Avraham et al., 1994), and that their
axes migrate laterally through time, due to the Coriolis force (Fulthorpe and Carter, 1991). Flood (1983,
1994) proposed a model of formation of similar furrows, although with a smaller scale, and assumed
the development of a helical secondary flow pattern
within a mean steady flow: paired helical flows can
then sweep the mobile particles on the sea bed, and
form elongated erosional grooves (moats) and intergroove deposition. Once they are formed, grooves
channelise the flow, which results in a self-sustained
system.
We suggest that the moats on the Gabon slope
were formed by — and are still maintained by —
bottom currents which flow normal to the shelf edge.
The remarkably flat sea bed of the elongated sediment drifts also strongly suggests the presence of
bottom currents which are redistributing sediment
along the slope. In the moats, the current energy is
sufficient to reduce or prevent sedimentation on the
northwest limb, but sedimentation along the southeast limb indicates rapid lateral variation of the
current velocity. The migration of sediment drifts
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is diagnostic of the sense of the flow within the
moats. Water masses in motion are subjected to the
Coriolis force, which deflects flow towards the right
in the Northern Hemisphere and towards the left in
the Southern Hemisphere. If the moats are developed parallel to the mean flow, and considering the
northwestward migration of the structures through

time and the southern latitude of the study area,
then the mean current must be directed landwards
(Fig. 13). The existence of landward currents both
within and between the moats is supported by the
fact that associated sediment waves migrate upslope
(Fig. 8).
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Fig. 10. Seismic profiles (Western Geophysical) showing that the moats develop exclusively within the progradation unit. Moats and
associated drifts initiate above topographic features and canyons of the major Oligocene unconformity (a, b), or are constructed on an
even surface (a). Once acquired, the moat geometry is maintained through time, possibly until Present (b). SBM D sea bottom multiple.

8. Physical oceanographic consequences
The existence of upslope bottom currents in the
1500–500 m water depth interval raises many questions. The present-day oceanography of the southwest
Africa margin is dominated by the surface, northwest-flowing Benguela Current system (Moroshkin et
al., 1970; Stramma and Peterson, 1989; Berger et al.,
1998), and by northward flowing, cool and low-salinity Antarctic Intermediate Waters (AAIW), whose effect can be traced along the southwest Africa margin,
past the Walvis Ridge, up to 20ºN (Kennett, 1982;
Open-University-Course-Team, 1993).

Coastal upwelling along the southwest Africa
margin allows nutrient-rich intermediate waters to
rise to the surface, to replace surficial water masses
that have been horizontally displaced, by one of the
ten modes critically reviewed by Hay and Brock
(1992). It appears that from Angola to the Equator, wind stress vectors over the eastern Atlantic are
directed towards the north (Servain et al., 1985).
Through Ekman motion, this wind stress generates
an ocean surface current directed towards the westnorthwest in the Southern Hemisphere, diverging
from the coastline (Fig. 13). Water is transported offshore, the sea surface is thus depressed near the shore
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and the water being driven away is replaced by upwelled water. Although upwelled water comes from
only 100 to 200 m depth, its replacement induces
upward movement of intermediate water; in fact,
the upwelling systems of the southern Atlantic draw
mostly from AAIW (Hay, 1988; Hay and Brock,
1992). We thus suggest that the upslope bottom current evidenced in this study is a result of upwelling
along the southwest Africa margin.
An example of present-day similar sediment drifts
imaged on seismic reflection profiles off Senegal,
that migrated towards the southeast during the Neogene (Gomez and Barusseau, 1984), gives additional
support to the idea that it is this upwelling water which is responsible for the emplacement of
the Gabon sediment drifts. Our data from south
Gabon indicate that sediment drifts have been forming throughout the Neogene, until the Present. This
suggests that the proposed mechanism, based on present-day physical oceanography, has been operating
since the Oligocene. Studies of productivity induced
by upwelling in the sedimentary record of offshore

southwest Africa (Jansen et al., 1984; Diester-Haass
et al., 1992; Hay and Brock, 1992) confirm that,
although subject to variability (Berger et al., 1998),
the present-day setting has been active at least since
earliest Miocene time. Northward flow of AAIW,
which is the suggested source for upwelled water,
has also been active since Oligocene=Early Miocene
times (Hay, 1988; Kennett and Stott, 1990).
Similar drifts off New Zealand, albeit developing parallel to the margin, mark the onset of the
Antarctic Circumpolar Current in the mid-Oligocene
(Fulthorpe et al., 1996). Their development is interpreted as a record of the Cenozoic evolution of the
circulation through the southwest Pacific gateway,
during a period of major reorganisation of southern
ocean current flows in the mid-Oligocene, leading to
a major climate change (Carter et al., 1996). Sediment drifts on the Gabon margin may also witness
the emplacement of a new circulation in the South
Atlantic, coupled with climatic changes, that took
place in the Oligocene (Séranne, 1999).
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9. Sedimentological consequences
Identification of sediment drifts on the upper
slope of the Gabon continental margin has important
consequence for regional sedimentological interpretation. Cenozoic sequences on the west Africa margin are attributed to slumping, canyon incision and
channel fill in relation with predicted fan-lobe deposition in the basin (e.g. Massala, 1993; Kolla et al.,
1997; Mougamba, 1998). According to Teisserenc
and Villemin (1989), major erosion of the shelf edge
in the Oligocene produced deep canyons which are
well documented north of the study area and which
represent up-dip feeders for inferred Miocene turbidite fans. Canyons are several kilometres wide
and they were filled during the Miocene with fine
to coarse channel sands (Mougamba, 1998). Such
canyons clearly truncate the underlying Palaeogene
and Late Cretaceous and their onlapping infill. Their
sinuous nature suggests control by tectonic activity
(Nzé Abeigne, 1997). Such canyons are clearly distinct from the sediment drift-related moats described
here, though the two features overlap in the northern part of the study area. It appears that Oligocene
erosional canyons become prevalent northwards, towards the Ogooué River mouth (see location on
Fig. 1a). In that area, strong basinward progradation of the Neogene sequences (Mougamba, 1998)
indicates an enhanced terrigenous sediment supply, from the adjacent Ogooué River. South of the
present study area, Oligocene–Neogene sequences
also thicken towards the Zaire River mouth (Massala, 1993), which feeds the deep Zaire fan (van
Weering and van Iperen, 1984; Droz et al., 1996).
The study area is therefore located between two important turbiditic systems which are characterised by
canyon incision on the slope and subsequently filling by turbiditic sand. The Gabon sediment drifts
have developed on the slope between these two
major turbiditic systems. The sediment drift-related
moats cannot be interpreted as feeders for deepsea fan lobes, as proposed by Rasmussen (1994,
1996), because the fan lobes in the basin would thus
be geometrically disconnected from the upper-slope
sedimentation system.
We are unable to determine the source of the
sediments reworked by the bottom currents on the
slope. In its present setting, the shelf is not fed by

coastal rivers. However, the position between Zaire
and Ogooué rivers, and the along-strike thickening of
Neogene series towards both rivers, strongly suggest
that they constitute the main source for the terrigenous sediment input, through long-shore currents on
the shelf or by winnowing of the Zaire and Ogooué
sediment plumes.
Finally, in the absence of direct analyses of samples, it is not possible to determine whether sediment drifts make up the whole Oligocene–Neogene
sequence, or if gravity sediments (turbidites) constitute part of the interval. Turbidite and contourite
sedimentation may interfere in various ways: (1) a
transition with turbidite deposits, off the Ogooué
and Zaire rivers could correspond to alternation of
the two processes; and=or (2) variations in upwelling
intensity through time could result in varying proportions of turbidites and contourites. Coastal upwelling
being seasonal (Servain et al., 1985), it is likely
that the upslope bottom current, and thus sedimentdrift accumulation, are in fact subjected to periodical
(seasonal) variation.

10. Conclusions
Industrial seismic reflection profiles on the continental slope, offshore southern Gabon show depositional structures that migrate parallel to the shelf
edge, and have the distinctive external geometry and
internal organisation of sediment drifts. The sediment drifts migrate northwest and were deposited
by an upslope current. The present interpretation
contrasts with that, previously proposed, of turbidite
channels feeding deep-sea fans. Turbidites do occur
in the basin, fed by the Zaire and the Ogooué rivers,
respectively, to the southeast and to the northwest of
the studied area. It thus appears that sediment deposition on the west Africa margin is a consequence of
a complex — and still largely unknown — interplay
between gravity processes and reworking by bottom
currents. End-member deposits may correspond to
(1) turbidites deposited in the slope and basin off the
large rivers, and (2) the slope sediment drifts located
between these large terrigenous sediment supplies.
Future studies in the intermediate area should bring
new information about the interaction of the two
processes.
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The sediment drifts documented in this study
form part of a progradational megasequence that
spans the Oligocene to Present. This suggests that
upwelling has been active along the southwest Africa
margin throughout the Neogene. The stratal pattern
imaged on the seismic profiles provides an important
stratigraphic record of the history of upwelling and
of ocean circulation along the south Gabon margin.
Future, better chronostratigraphic resolution of the
Tertiary sequences will place closer constraints on
the timing of onset of upwelling, and on relationships
with global events.
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(Marge Nord-Gabon). Doctorat, Univ. Lille 1.
Mutti, E., collaboration of Davoli, G., Segadelli, S., Cavalli, C.,
Carminatti, M., Stocchi, S., Mora, S., Amdreozzi, M., 1992.
Turbidite sandstones. AGIP – Istituto di Geologia, Università
di Parma, Parma, 275 pp.
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