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Abstract :

Off French Guiana and Surinam, NADW and AABW oceanic currents contour the Demerara marginal
plateau, which promotes the formation of contourites. We have studied these contourites thanks to a new
compilation of high-resolution sub-bottom profiles calibrated by sedimentary cores. The echo-facies and
isopach maps we constructed highlight a sedimentary distribution parallel to the isobaths. The presence
of moats along the slope is confirmed by the observation of parallel, elongated, sedimentary depleted
zones and echo-facies strongly affected by diffraction hyperbola and transparent echo-facies. We
interpret these features to be related to eroded slopes and Mass Transport Deposits. In contrast, the
sedimentary drifts we mapped are characterized by elongated and thick slope-parallel depocentres
displaying bedded echo-facies with wave-like bedforms. According to our interpretation, they result from
interactions between currents and the seafloor. Seismic wipe-outs frequently affect those drifts, possibly
resulting from high water or organic contents.
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Introduction

The mapping, identification, and improved understanding of contourites has numerous
implications. (1) Contourites, which are formed by bottom currents, in particular those

deposited in relation with thermohaline bottom currents, are known to record current intensity
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variations through time. Thus, they form high interest sedimentary archives for documenting
palaeoceanographic variations (Knutz, 2008; Rebesco et al., 2014) and constrain palaeoclimate
models. (2) Moreover, Contourite Depositional Systsems (CDS) are frequently associated with
slope instability as high accumulation rates and significant water content inside the drifts (i.e.,
sedimentary depositional structure in contourites) induce low consolidation and overall
decrease of shear-stress resistance (Mulder et al., 2003; Hanquiez et al., 2010; Ducassou et al.,
2016). In turn, erosion along contouritic channels, caused by the winnowing effect of bottom
currents, can decrease cohesion and resisting forces and hence promote geohazards (Ingram et
al., 2011). (3) Several publications highlight the interest of contourites in hydrocarbon
exploration, as muddy contourites often rich in organic matter can act as potential source rock
or seal (Viana, 2008), whereas sandy contourites can form good reservoir containers due to

their high porosity and permeability (Enjorlas et al., 1986; Viana, 2008).

Since their first description using seafloor photography (Heezen, 1959; Heezen and
Johnson, 1963; Heezen and Hollister, 1964), contouritic deposits and processes have been
studied in a wide variety of settings and by numerous methods, including geophysical
(bathymetry, sub-bottom and seismic profiling), sedimentological (coring, core logging and
numerous approaches to characterize the sediment) and oceanographical (mooring records and
data). Despite significant progress in the recognition of contourites and their role in margin
sedimentary patterns, the diversity of these depositional systems still needs diagnostic
geophysical and sedimentary criteria in order to recognize them at different scales and relate
them to complex 3D and temporally changing oceanographic processes.

Two Contourite Depositional Systems (CDS) have been described offshore French Guiana
and Suriname in relation with the Demerara Plateau (Loncke et al., 2009; de Lépinay et al.,
2016; Loncke et al., 2016; Tallobre et al., 2016; Tallobre et al., 2019; Fanget et al., 2020), which

forms a salient planar bathymetric relief 350 km from the coast (Figure 1). One CDS is related
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to the southward flowing North Atlantic Deep Water (NADW) and developed on the plateau
itself (the “NADW CDS”). This CDS emplaced in the very distal part of the Demerara Plateau
and is isolated from continental terrigenous sediment supplies. Therefore, sediments nearly
exclusively record the along-slope flow of the NADW bottom current (Tallobre et al., 2016;
Tallobre et al., 2019; Fanget et al., 2020). A second CDS is related to the northward flowing
Antarctic Bottom Water (AABW), developed at the foot of the plateau, in the Demerara abyssal

plain (the “AABW CDS”) (Loncke et al., 2009).

The Demerara Plateau has been intensively surveyed in recent years. Four oceanographic
cruises, (1) the GUYAPLAC survey (Le Suave and Beuzart, 2003), (2) the IGUANES survey
(Loncke, 2013), (3) the DRADEM survey (Basile, 2016) and (4) the MARGATS survey
(Graindorge and Klingelhoefer, 2016), enabled the acquisition of an important seismic and sub-
bottom profile dataset and of 20 piston cores. The analysis of the GUYAPLAC dataset first
provided evidence for the predominance of slope instability in the distal Demerara Plateau
(Loncke et al., 2009; Pattier et al., 2013). Subsequently, the high-resolution seismic data
acquired during the IGUANES cruise highlighted the role of deep currents on sedimentary
patterns and enabled to propose a link between slope instability and contourites at least since
the Pliocene (Pattier et al., 2015; Loncke et al., 2016; Tallobre et al., 2016; Fanget et al., 2020).
The analysis of sedimentary cores confirmed that recent mid-Pleistocene to Holocene
sedimentation is dominated by contourites recording NADW flow intensity variations (Tallobre
et al., 2016; Tallobre et al., 2019). Since the very first echo-facies mapping of the Demerara
area published by Loncke et al., (2009), the new sub-bottom profiler and core datasets have

never been presented in a comprehensive synthesis.

The aims of this paper are (1) to present an up-to-date echo-facies and isopach mapping of

the Demerara CDS, calibrated by core data, synthetizing this available high-resolution sub-
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bottom dataset, and (2) to use this high-resolution compilation to complete the existing set of

diagnostic criteria for modern/recent CDS on sub-bottom profiles.
Regional setting
Geological setting

The Demerara Plateau belongs to a class of submarine reliefs referred to as “transform
marginal plateaus”, that also includes, for example, the Falklands, VVaring, Sao-Paulo plateaus
in the Atlantic (Mercier de Lépinay et al., 2016; Loncke et al., 2020). Those plateaus share
common physiographic characteristics forming rectangular or triangular shaped planar reliefs
prolonging the continental shelf down to depths varying from 1200 to 3000 m water depth
(Figure 2). They all formed through transform-dominated breakups. The Demerara plateau is a
Jurassic volcanic plateau (Loncke et al., 2020) that separated from the Guinea plateau during
the Cretaceous Equatorial Atlantic highly oblique opening (Gouyet, 1988; Unternehr et al.,
1988; Basile et al., 2013). Its specific shape forming a protruding submarine relief along the
French Guiana-Surinam margin seems to promote contouritic processes (Tallobre et al., 2016;

Loncke et al., 2020).

In the case of the Demerara marginal plateau, sedimentation seems to have been weakly
influenced by deep currents until the Middle Miocene (Fanget et al., 2020). At the Mid-
Miocene/Early Pliocene, a major mass-wasting event eroded the Demerara Plateau down to
Palaeocene strata. This event is probably related to major changes in oceanic circulation
throughout the Atlantic that led to the establishment of the modern thermohaline circulation
and strengthening of the Atlantic Meridional Oceanic Circulation (Niemi et al., 2000; Pfuhl and
McCave, 2005; Hernandez-Molina et al., 2009; Herold et al., 2012; Uenzelmann-Neben et al.,
2017). This major mass-wasting event resulted in the deposition of a thick mass-transport
deposit (MTD) in the outer Demerara Plateau called “Lower Miocene/Early Pliocene” Mass-

Transport Deposit, figure 3F) (Tallobre et al., 2016; Fanget et al., 2020). The main headscarp
4



99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Special section: Seismic interpretation of contourites and deep-water sediment waves, Interpretation, Vol. 9, No. 2 (May 2021)
DOI:10.1190/INT-2020-0159.1

of this slope failure, still visible in the present-day bathymetry, guides the North Atlantic Deep
Water (NADW) and it is thought to promote the formation of Middle Pliocene to Holocene
NADW CDS, which is well expressed on high-resolution seismic data (Fanget et al., 2020).

The drifts form along-slope elongated depocentres with a maximum thickness of 450 m.

The Pleistocene to Holocene NADW CDS has been examined using high-resolution
multibeam bathymetry and acoustic imagery as well as sub-bottom profiles (Tallobre et al.,
2016). This analysis highlighted sediment distribution patterns typical of contouritic processes
with (1) erosion along the contourite moat (contourite channels) that follows the main Lower
Miocene/Early Pliocene slope failure headscarp, and (2) deposition of an elongated drift and
several infill drifts further downslope. Within the elongated drift, longitudinal sedimentary
features parallel to the NADW flow are interpreted as being formed by bottom currents
interacting with irregularities at the top of the MTDs (“ripple crests”,Figure 3). A mooring
deployed over 8 months along the drift evidenced a dominantly SE-oriented current flow with
a 32.5 cm/s maximum velocity (Tallobre et al., 2016). Numerous elongated scours with comet
tails extending toward the South-East, also called comet marks (Figure 3, details B and D),
record the NADW flow around the Demerara seafloor (Loncke et al., 2016; Tallobre et al.,
2016). Geophysical data attest the existence of sedimentary features (erosional and deposit
structures) that demonstrate the strong influence of the bottom current on the seafloor.
Moreover, facies of the moat and drift of this modern CDS are represented by muddy sequences
with normal and inversely graded trends (Tallobre et al., 2019). In these sequences, glauconite
formation can be correlated with the intensity of bottom currents (Tallobre et al., 2016). When
the current intensity increases, the winnowing effect on the seafloor generates erosional features
in the moat, promoting the accumulation of coarse sediment on the drift and the formation of

glauconite in the sediments. In particular, the analysis of sedimentary sequences suggests that
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the NADW bottom current intensified during glacial stages and decreased during interglacials

(Tallobre et al., 2019).
Physiography and Oceanography

The Demerara TMP is 160 km wide and 350 km long, with water depths ranging from 200
to 3800 m and forms a seaward promontory extending the continental shelf (Figure 2A). The
northern portion of the plateau ends with a steep slope (average slope of 15°) inherited from the
Cretaceous transform-dominated opening of the Equatorial Atlantic. The eastern and western
edges of the plateau display gentler dipping slopes (around 4°) (Pattier et al., 2013). The
Demerara marginal plateau has been divided into four domains (Basile et al., 2013; Pattier et

al., 2013; Mercier de Lépinay, 2016):

- The upper marginal plateau, located between 1200 m and 1400-1500 m water depth, is
characterized by a vast surface with a low dip of around 1° (Figure 2B).

- The intermediate marginal plateau, between 1500 m and 2500-3000 m water depth, is
characterized by an average dip of 3°. It is separated from the upper plateau by a
headscarp slope failure (Figure 2) around 1400-1500 m, which is the proximal position
of numerous MTDs previously described (Loncke et al., 2009; Pattier et al., 2013). The
width of the intermediate marginal plateau is highly variable: 50-70 km wide in the
eastern part, 25-50 km wide in the northwestern part and extremely reduced or absent in
the central area (between 54°W and 53°W).

- The lower marginal plateau, between 2500-3000 m and 3200-3500 m water depth,
shows an average dip of 1° (Figure 2B). Similar to the intermediate plateau, the lower
plateau is strongly reduced in its central part, whereas it is more extensive in the eastern
area.

- The lower continental slope, between 3200-3500 m and 4200-4500 m water depth, is

characterized by a steep slope of 15° (Figure 2B), with a maximum value of 20° in the

6
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northwestern and central areas. It is the boundary between the marginal plateau and the

Demerara abyssal plain (Figure 2).

In the Atlantic Ocean, the movement of water masses is controlled by the Atlantic

Meridional Overturning Circulation system or AMOC (Apel 1988; Talley et al. 2011; Survey

2012). It is characterized by the flow of warm and saline surface waters from the tropics to the

North Atlantic Ocean and a return southward flow of cold deep waters. Four main water masses

compose the AMOC in the tropical area (Reid, 1989; Peterson and Stramma, 1991; Tsuchiya

et al., 1994; Stramma and Schott, 1999):

The Tropical Surface Water and the North Tropical Gyre flows northward between
0 and 400 m water depth. This water mass interacts with the seafloor on the continental
shelf and upper continental slope.

The Antarctic Intermediate Water (AAIW), initiating in the Southern Ocean, flows
northward between 400 m and 1200 m water depth (Figure 1 and Figure 2B). The AAIW
is in contact with the seafloor on the upper marginal plateau with a measured velocity
of 20 cm/s at 400 m and 5 cm/s at 1000 m (Reid, 1989; Peterson and Stramma, 1991;
Suga and Talley, 1995).

The North Atlantic Deep Water (NADW), initiating in the North Atlantic, flows
southward between 1200 m and 4200 m water depth (Figure 1 and Figure 2B) and is in
contact with the seafloor on the intermediate and lower marginal plateaus. Depending
on its physical properties (salinity, temperature and velocity) described in the literature,
the NADW can be divided into three sub-water masses (Reid, 1989; Molinari et al.,
1992; Johns et al., 1993; Tsuchiya et al., 1994; Mauritzen et al., 2002): (1) “the superior”
NADW, between 1200 and 2000 m and with a mean velocity of 2.9 cm/s, impacts the
upper and intermediate marginal plateaus, including the headscarp slope failure. (2) The

“intermediate” NADW, between 2000 to 3500 m, impacts the intermediate marginal
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plateau with a mean recorded velocity of 6.2 cm/s in this part of the Atlantic Ocean
(Reid, 1989; Tsuchiya et al., 1994; Mauritzen et al., 2002). A mean annual velocity of
9.5 cm/s (maximum 32.5 cm/s) was measured on the Demerara plateau at 3000 m water
depth (Tallobre et al., 2016). (3) The “inferior” (Mauritzen et al., 2002) NADW flows
between 3500 and 4200 m with a mean velocity of around 20.3 cm/s and interacts with
the seafloor of the lower marginal plateau and the lower continental slope.

- The Antarctic Bottom Water (AABW), originating from Antarctica, flows northward
below 4500 m water depth (Figure 1 and Figure2B), with measured velocities which can
reach 45 cm/s (Reid, 1989; Molinari et al., 1992; Johns et al., 1993; Hogg, 1997) and is

mainly in contact with the abyssal plain seafloor.
Data and methods

The multi-beam and sub-bottom profiler datasets compiled and synthetized in this paper
were collected during the GUYAPLAC (Le Suave and Beuzart, 2003) IGUANES (Loncke,
2013), MARGATS (Graindorge and Klingelhoefer, 2016) and DRADEM (Basile, 2016) cruises
(Figure 1B).

During the IGUANES cruise, 20 sedimentary cores were collected by Kullenberg piston
coring (1.6 t weight; 5 m free fall). The length of the cores varies between 0.57 m and 9.26 m).
The cores are located in the eastern part of the Demerara Plateau (Figure 1B): one core is located
on the upper marginal plateau, one adjacent to the headscarp slope failure, one on the abyssal
plain and the remaining cores on the intermediate marginal plateau on the NADW-related CDS.
All cores have been analysed with the Ifremer Multi Sensor Core Logger and were then split
and described (Tallobre, 2017). Water contents have been estimated by the weight ratio between
the bulk sediment and lyophilized (freeze-dried) sediment. The sedimentation rates are

estimated using the chronostratigraphic framework proposed by Tallobre et al. (2019) and the
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correlation established between the sedimentary cores (using the P-wave velocity obtained with

multi-sensor core logging) and the reflectors on sub-bottom profiles (Tallobre, 2017).

Multibeam bathymetry and imagery was acquired during the four cruises with a frequency
varying from 12 to 24 kHz, depending on acquisition depths. The data were processed with the
Caraibes software developed by Ifremer and were combined to produce a digital terrain model
with a resolution of 50 to 75 m. All data have been integrated into Q-GIS software for analysis

and visualization.

The sub-bottom profiler (SBP) data were collected during the four cruises, simultaneously
with the multi-beam acquisition. The data were acquired using a hull-mounted sub-bottom
profiler with single channel source and with frequencies varying from 1.5 to 6.5 kHz, enabling
the imaging of the first few hundred meters of sediment below the seafloor. In most cases, sub-
bottom profiles were acquired in a synchronized mode with a multibeam ping rate. Depending
on the situation and scientific objectives, acquisitions were performed at speeds of 5 to 10 knots.
The SBP data were acquired and processed on board (quality control) using Ifremer QC-
SUBOP software. The SBP profiles have an average vertical resolution of 20-30 cm and a

horizontal resolution of 20 m (500 m water depth) to 60 m (4000 m water depth).

The SBP profiles (Figure 1B) were then interpreted using the envelope mode in Kingdom
Suite® software for main facies interpretation and in the amplitude mode for accurate core
calibration. Due to the nature of the data and their resolution, an approach by echo-facies
interpretation and mapping was selected with the aim to study the processes which affected the
Demerara plateau at a regional scale from the Pleistocene to the Holocene. Ten echo-facies
were differentiated on the basis of acoustic penetration, continuity of bottom and sub-bottom
reflectors, seafloor topography and internal structures. The extent of each echo-facies was
mapped in order to produce an echo-facies map. It was possible to validate some of the defined

echo-facies by sediment cores, enabling us to refine and calibrate the interpretation of echo-
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facies in terms of sediment types and processes (the description and sedimentary logs of all the

cores are available in Tallobre, (2017)).

In addition, three horizons of reference for correlation between profiles were chosen on the
basis of their sharpness, clarity and lateral continuity and have been mapped on the Demerara
Plateau. An isopach map in metres was calculated between the seafloor and the deepest of those
horizons (see the preliminary isopach map shown in Tallobre et al., (2016) completed and
improved in this paper with the inclusion of DRADEM and MARGATS data). To establish this
map, two-way travel time values have been converted into depth in metres using the P-wave
velocity measured inside sediment cores by a Multi Sensor Core Logger (average 1500 m/s).
This deepest horizon shown in yellow in the figures of this paper could not be dated precisely
but is thought to be older than 190 kyr, corresponding to Marine Isotopic Stage 7 (Figure 4;

chronostratigraphic framework published in Tallobre, (2017) and Tallobre et al., (2019)).
Results and interpretation

Echo-facies classification

Ten echo-facies were differentiated on the basis of acoustic penetration, continuity of
bottom and sub-bottom reflectors, seafloor topography and internal structures (Figure 5 and
figure 6). Based on a comparison between these echo-facies and the sedimentary facies in cores
and previous studies, sedimentary architecture and processes can be tentatively associated with

each of the echo-facies (Figure 5):

- EF-1: Bedded echo-facies consisting of continuous and regular sub-bottom reflectors
with high penetration reaching ~80-120 m. This echo-facies is frequently attributed to
well-bedded sedimentary units, such as hemipelagic deposits, distal turbidites (Damuth,

1980; Lee et al., 2002; Domzig et al., 2009; Loncke et al., 2009; Nakamura et al., 2016;

10
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246 Sanchez-Guillamén et al., 2018) or contourite drifts (Faugeéres and Stow, 2008). Cores
247 IG-KSF-19 and 1G-KSF-02, collected respectively on the upper marginal plateau and in
248 the abyssal plain (FigurelB and Figure 6), display relatively homogeneous grey muds
249 (silt and clays) with poorly visible bioturbation structures. Their water content reaches
250 49% and 53%, respectively. Erosional surfaces or distinct contact surfaces cannot be
251 detected in the cores, suggesting a uniform hemipelagite or a muddy contourite
252 interpretation (Stow and Faugeéres, 2008b; Faugéres and Mulder, 2011).

253 - EF-2: Wavy bedded echo-facies with continuous, parallel and wavy reflectors.
254 Generally, these echo-types are associated with sediment waves formed by turbiditic or
255 contour currents (Damuth, 1980; Lee et al., 2002; Bahk et al., 2005; Faugéres and Stow,
256 2008). On the Demerara Plateau, the orientation of these waves is parallel to the main
257 current direction. Tallobre et al., (2016) interpreted them as longitudinal waves (Figure
258 3C) formed by bottom currents interacting with pre-existing MTD-related seafloor
259 irregularities. Five cores reveal that this echo-facies corresponds to grey-greenish muds
260 and silty-sandy sediments with water contents varying from 44 to 52%. Two cores
261 collected in this echo-type have been particularly studied and detailed in Tallobre et al.,
262 (2019)(IG-KSF-05 and 1G-KSF11). These cores show deposits with successive
263 coarsening and fining upward sequences, characteristic of contouritic facies (Stow and
264 Faugeéres, 2008b; Faugéres and Mulder, 2011). They also show glauconite-rich
265 sequences recording the winnowing effect variations of the NADW through time
266 (Tallobre et al., 2019).

267 - EF-3: Wavy and conical echo-facies showing more or less continuous and wavy
268 reflectors with the presence of conical artefacts in the deep part of the waves. In
269 comparison to EF-2, the waves are higher and their wavelengths are shorter. The conical
270 or hyperbolic seismic artefact generally attributed to a diffracting sedimentary structure

11
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271 (Damuth, 1994), such as MTDs, or it could be a dip artefact along sediment ridges
272 associated with a complex acoustic reception induced by the wavy junction. Here, the
273 conical seismic artefact is located at the trough of wavy undulations which are
274 characterized by high amplitude (>10 m) and short wavelength (Figure 7). Thus, these
275 conical signals probably correspond to slope artefacts along sedimentary ridges
276 (Hibscher et al., 2010). Core 1G-KS-08 is composed, like the cores of EF-2, of grey-
277 greenish muds and silty-sandy sediments with contouritic sequences.

278 - EF-4: Hyperbolic echo-facies characterized by small and large hyperbolic bottom
279 echoes without reflectors under the seafloor. Contrary to the previous echo-facies, this
280 one is not associated with a wavy seafloor on the bathymetry. These diffraction
281 hyperbolae can be induced by steep slopes or by the seafloor irregularity associated with
282 complex structures, such as depressions, seamounts, faults (Damuth, 1980; Lee et al.,
283 2002; Loncke et al., 2009; Sanchez-Guillamon et al., 2018), or MTD related seafloor
284 roughness (Damuth, 1980, 1994; Domzig et al., 2009; Loncke et al., 2009). These
285 artefacts make the sub-bottom profiles unusable in places and can not be eliminated by
286 processing, due to the acquisition configuration of the hull-mounted sub-bottom profiler
287 data. Those hyperbolic echo-facies have thus to be interpreted with care. Four cores (1G-
288 KS-03, IG-KS-10, IG-KS-13 and 1G-KS16) recovered white indurated, low-water
289 content (30%) calcareous sediment, corresponding to Oligocene remobilized carbonates
290 (dated using the chronostratigraphic methods of strontium isotopes according to
291 McArthur et al., (2012)). Core IG-KSF-03 is located on a topographic mount on the
292 lower continental slope domain (Figure 3E). Core 1G-KS-16 was collected in a SE-
293 oriented elongated scour where the Lower Miocene/Early Pliocene MTD outcrops. In
294 this case, the hyperbolae can be caused as much by structures (depression and
295 sedimentary high) as by lithology (structureless indurated carbonates).
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EF-5: Hyperbolic echo-facies expressed by small and large diffraction hyperbolae
overlain by thin packages of bedded reflectors. The hyperbolic echo-facies may
correspond to echo-facies EF-4 lately draped by stratified deposits bedded reflectors.
EF-6: Uniform stratification above hyperbolic echo-facies, characterized by bedded and
continuous sub-bottom reflectors above buried hyperbolic echo-types. The hyperbolae
are covered by uniform stratification, probably illustrating a mass transport deposit
draped by hemipelagic/contouritic sedimentation. The sediment in core 1G-KS-09 is
grey-greenish mud with silty-sandy laminae corresponding to glauconite-rich
contouritic sequences. The core does not reach the underlying MTD.

EF-7: Transparent echo-facies corresponding to acoustic transparent bodies without any
coherent reflectors except at the base of the body. In most cases, this basal reflector
corresponds to an erosional surface. This echo-facies is generally associated with
remobilized sediments such as debris flow deposits or MTDs (Embley, 1976; Jacobi,
1976; Damuth, 1980; Lee et al., 2002; Domzig et al., 2009; Loncke et al., 2009;
Nakamura et al., 2016). On the Demerara Plateau, this transparent echo-facies has not
been sampled by piston cores.

EF-8: Transparent echo-facies above uniform stratification, characterized by a
transparent body with an erosive base which cut bedded and continuous reflectors. It
illustrates a MTD which overlays and erodes older, stratified sediments. This echo-
facies has not been sampled.

EF-9: Uniform stratification above transparent echo-facies, marked by a transparent
mass interbedded between bedded sub-bottom reflectors. It suggests a mass transport
deposit buried or covered by uniformly stratified sediments. The top of this echo-facies
has been calibrated by five cores: 1G-KSF-01, 15, 17, 18 and 20. The 330 cm long IG-

KSF-01 collected brownish sand and grey-greenish mud from the top to 160 cm below
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the seafloor with 43% of water content. Below 160 cm bsf the sediments are white-
greenish indurated carbonated muds.

- EF-10: Wipe-out echo-facies in association with other echo-facies, showing generally
more or less vertical local seismic wipe-outs (Figure 8). It is related to predominantly
vertical perturbations crossing the stratification in the sedimentary column. It is
generally interpreted as being linked to fluid ascents (gas or dewatering) (Judd and
Hovland, 2009; Loncke et al., 2009; Dupré et al., 2010). It mostly affects the bedded

EF-1 and EF-9 echo-facies (Figure 6).

Echo-facies mapping

Upper Plateau

This part of the plateau is characterized by bedded echo-facies EF-1 (Figure 6). The
bathymetric map and chirp profiles do not show particular sedimentary structures on the

seafloor.

Intermediate Plateau to lower slope domains

A great variety of echo-facies and complex distributions affects the intermediate marginal

plateau (Figure 5).

The transparent echo-facies with a uniform stratification above (EF-9) is frequent. The
widespread occurrence of this transparent echo-facies, interpreted as related to MTDs (Figure
5 and figure 6), attests to recent instabilities along the headscarp slope failure that separates the
upper and intermediate marginal plateaus at 1400-1600 m water depth.

Moreover, on the western part of the Demerara marginal plateau (W 53.00° to W 54.50°),
where the intermediate plateau is narrow (Figure 6), the echo-facies corresponding to MTDs is
also predominant. Along the headscarp slope failure, a slide (present on different sub-bottom

profiles) forms a tilted block in which the stratification is preserved (Figure 7).
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On the eastern part (Figure 6, W 53° to W 51.5°), apart from the EF-1 bedded echo facies,
all the other echo-facies are present. The most frequent echo-facies are EF-2 (wavy bedded)
and EF-3 (wavy with conical artefacts; Figure 6), which correspond to stratified and undulated
sediment. The echo-facies with transparent signals (EF-7, EF-8 and EF-9) are concentred along
the headscarp slope failure and indicate the presence of MTDs, alternating with hemipelagic
and contouritic sediments/deposits. A wipe-out echo facies (EF-10) is frequent between MTDs
and the seafloor, possibly resulting from dewatering in relation with compaction induced by
sediment accumulation above MTDs. On the intermediate Demerara marginal plateau, the
hyperbolic signals (EF-4, EF-5 and EF-6) are only present near the elongated scours alignments
observed on the seafloor (see figure 4 in Tallobre et al., (2016)). In these depressions (the largest
of which measures 4500 m long, 1800 m wide and 49 m deep), the echo-facies are transparent
and/or hyperbolic (Figure 9A), which is characteristic of structureless or indurated/hard, non-
penetrating sediments. The elongated scours, characterized by hyperbolic EF-5 echo-facies, are
incised into underlying transparent sedimentary highs that are nearly outcropping. Between
those sedimentary highs, continuously bedded facies (EF-2) characterize confined basins,

looking like infill drifts (Figure 9).

Locally, a bedded sediment accumulation is present when a structural high is present at the
transition from the marginal plateau to the lower continental slope (Figure 9B). There is a clear

continuity between the echo-facies of the intermediate and the lower marginal plateau.

The lower continental slope is mainly characterized by hyperbolic echo-facies EF-4 and EF-
5 (Figure 6). With a mean dip of 12° and a maximum dip of 20°, these hyperbolic facies
typically correspond to slope artefacts, making the sub-bottom profiles unexploitable in this

domain.
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Abyssal plain

At the foot of the slope, the abyssal plain is characterized by a 10-20 km wide depression
bordered to the NE by a ~90 m high standing relief mound (Figure 10). The depressed zone is
composed of echo-facies EF-7, EF-8 and EF-9, illustrating the fact that the dominant deposits
consist of MTDs, probably originating from destabilisation of the lower continental slope. The
lateral relief is characterized by bedded echo-facies EF-1 and wavy bedded echo-facies EF-2

(Figure 6 and figure 10).
Interpretation and discussion

We present the main results and elements of discussion in Figure 11, which compiles (1)
bathymetric and oceanographic elements (Figure 11A); (2) the isopach map of Middle-
Pleistocene to Holocene sediments (Figure 11B) derived from the analysis of the previously
published and additional sub-bottom profiles (Tallobre et al., 2016) and integrated into a
stratigraphic framework proposed in Tallobre et al., (2019)); and (3) a simplified echo-facies

map (Figure 11C).

Sedimentary processes on the Demerara Marginal Plateau

Upper plateau under the influence of the AAIW

As demonstrated by echo-facies mapping (EF-1 continuous and bedded echo-facies) and
core calibration, the upper marginal plateau is mainly affected by hemipelagic sedimentation
(Figure 11C). Despite the fact that this part of the plateau is under the influence of the AAIW
water mass, no erosional features or bedforms are observed on the seafloor, either on the
bathymetric data or on the few sub-bottom profiles available for this part. The isopach map
shows that a relatively thick (up to 35 m thick) depocentre forms the very proximal domain of
this upper plateau (between 400 and 1200 m water depth; red patch in Figure 11B). This

distribution pattern is very similar to that observed by Fanget et al., (2020) at a seismic
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resolution scale for the Plio-Quaternary. In the same way as Fanget et al., (2020), we propose
that the proximal and shallowest part of the upper marginal plateau is mainly under the
influence of terrigenous supplies from the Maroni, Oyapock and Amazon rivers. The deposits
progressively thin down to the intermediate plateau (1200 to ~1600 m water depth; green
colours, Figure 11B). On this lower part of the upper plateau we were also unable to find any
current-related bedforms that could reveal active contourite processes in relation to the AAIW
bottom current. The observations suggest that this current has no or only a negligible effect on
the seafloor related to its low intensity at those depths (ca. 5 cm/s at 1000 m water depth

according to Reid, (1989) and Peterson and Stramma, (1991)).

Intermediate, lower plateau and lower continental slope under the influence of

the NADW

The intermediate, lower plateau and lower continental slope show high variability in
sediment thicknesses and echo-facies with a general along-slope and parallel to the NADW
flow distribution pattern (Figure 11C). This is interpreted as reflecting the shaping effect of the

NADW.

Moat along the headscarp slope failure

Below the headscarp slope failure, the first kilometres of the intermediate marginal plateau are
generally characterized by thinner sediment accumulation (Figure 11B) and rougher seafloor
morphology (Figure 11A), suggesting erosion or non-deposition. In this area, the transparent
echo-facies (EF-7, EF-8 and EF-9) are present all along the headscarp slope failure (Figure
11C). Numerous MTDs are observed here, sometimes outcropping (EF-7, EF-8), sometimes
buried under contourites and hemipelagites (EF-9; fig 5). The richness in glauconitic grains in
cores collected in this area (Tallobre et al., 2019) indicates a low sedimentation rate related to

the intense winnowing generated by the bottom current on the seafloor (Giresse, 2008; Tallobre
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et al., 2019). Therefore, this area with extremely reduced deposition seems to be characteristic
of a contourite channel environment (Hernandez-Molina et al., 2008; Rebesco et al., 2014).
This part of the intermediate plateau between 1600 and 2400-2800 m water depth is interpreted
as a moat formed by the NADWsyp. It is worth noting that, despite this general tendency towards
erosion, some localized patchy thicker sediment accumulation zones are observed close to the
slope headscarp failure zone (Figure 11B). They might constitute small depocentres that formed
as infill and patch drifts (Tallobre et al., 2016) in relation to the NADW flowing along the

headscarp slope failure.

Separated elongated mounded drift

Downslope of the contourite channel, between ~ 2400 and 3200 m water depth, EF-2 (wavy
bedded) and EF-3 (wavy with conical artefacts) dominate (Figure 11C). This wavy stratification
is interpreted to be generated by bottom currents interacting with buried MTD ridges (Tallobre
et al.,, 2016). This bedded sediment accumulation forms an elongated along-slope drift
(Figure 11B) parallel to the main NADW direction. In this area, it was possible to measure
current velocity through an 8-month monitoring mooring in 2013 and 2014 (9.5 cm.s* on
average and over 30 cm.s* maximum, according to Tallobre et al., (2016)). Sediment cores
collected along the wavy bedded facies present graded beds with the coarsening and fining
upward trends typical of contourites (Gonthier et al., 1984; Stow and Faugeres, 2008a; Tallobre
et al., 2019). This drift can be considered as a separate elongated mounded drift (Figure7 and
figure 11) related to the moat guided by the updip slope failure (Faugéres and Stow, 2008;

Rebesco et al., 2014).

This drift is characterized by high accumulation rates (8.8 cm/kyr Tallobre et al., (2019))
comparable to other drifts in the world (9 cm/kyr for the Lofoten drift: Laberg and Vorren,

(2004); 5 to 13 cm/kyr for the Cadiz drift: Mulder et al., (2003)). Sediments also display high
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water content (e.g., 53% in 1G-KSF-05 and 1G-KS-12), which is common in drifts and may

explain some of the observed seismic wipe-out echo-facies (Figure 11).

Moat along the lower marginal plateau?

The lower marginal plateau is characterized by very thin sediment accumulations that may
be interpreted as erosion or non-deposition (Figure 11B). The geometry of reflectors (Figure
12) is not really conclusive: sediment layers progressively thin distally (Figure 12), which may
suggest no deposition. This domain is characterized by EF-2 (wavy bedded), EF-6 (bedded
above transparent) and EF-9 (bedded above hyperbolae) echo-facies (Figure 11C and figure
12). Rare thick depocentres are localized on the lower plateau (Figure 11B, red colours on the
lower plateau and figure 9). These depocentres may be considered as infill drifts emplaced close
to local reliefs (Laberg et al., 2001; Rebesco, 2005; Rebesco et al., 2014). This area is probably
under NADWins influence, whose velocity is relatively high in tropical areas, around 20.3 cm/s
(Reid, 1989; Tsuchiya et al., 1994; Mauritzen et al., 2002), and the observed low sediment
accumulation may be caused by the winnowing effects of bottom currents. The lower plateau

may be interpreted as another moat formed by the NADWipt.

Steep and eroded lower continental slope

The lower continental slope is characterized by a high slope value (12° on average) and by
EF-4 hyperbolic facies, typically interpreted as seismic artefacts related to the slope (Figure 7
and figure 11C). Seismic data analysis shows that this slope is an eroded or non-deposition area

(Pattier et al., 2013). We think that the high-velocity NADWins promotes slope instability.
Abyssal plain under the influence of the AABW

The abyssal plain is composed of two distinct areas: the Demerara abyssal plain north of the
Demerara Plateau and the Guiana abyssal plain east of the Demerara Plateau (Figure 2A and

Figure 11).
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464 (1) In the Demerara abyssal plain, echo-facies show an along-slope distribution with, at the
465 foot of the marginal plateau, a 20 km wide depression where transparent echo-facies EF-
466 7 and EF-8 and uniform stratification above transparent echo-facies EF-9 dominate
467 (Figure 10 and figure 11C). These transparent echo-facies clearly relate to successive
468 MTDs (Figure 10) that probably originate from the destabilization of the steep lower
469 continental slope. Northward, bedded echo-facies EF-1 dominates in the form of a
470 mounded sedimentary accumulation (Figure 10 and figure 11). Sediment waves are
471 observed towards the north of the mound (Figure 10). Directly along the slope, this area
472 with MTD accumulation corresponds to a contourite moat whereas the presence of
473 bedded deposit corresponds to an elongated mounded drift which evolves in a sheeted
474 drift northward. This architecture is similar to the drift observed in the Cadix abyssal
475 plain (Llave et al., (2001). Contrary to the intermediate and lower marginal plateaus,
476 which are under the NADW influence, the abyssal plain is under the AABW influence,
477 as previously described in Gonthier et al., (2002) and in Loncke et al., (2009). Lateral
478 horizon picking shows that accumulation can be thicker in the moat than on the drift
479 (Figure 10), a paradox related to the recurrent instability of the lower continental slope,
480 infilling the moat with successive MTDs and balancing erosion.

481 (2) In the Guiana abyssal plain, a thick sediment accumulation (exceeding 33 m,
482 Figure 11B) occurs and echo-facies are bedded (EF-1) and bedded above transparent
483 (EF-9). Two reasons might be advocated to explain these thick sediment accumulations:
484 (1) the presence of Guianese canyons clearly visible on the bathymetry (detail on Figure
485 3F and figure 11A, southwestern corner of the map) that possibly channel the sediment
486 down to this area, and also (ii) the lateral advection related to the NADW sediment
487 transport. This strong accumulation may partly correspond to a NADW derived
488 contourite sedimentary fan (Figure 11).
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Influence of water mass related instabilities on the sedimentary record

The Demerara plateau and abyssal plain are the locus of at least two CDS related respectively
to the NADW and the AABW. In both cases, slope instability plays an important role in

sedimentary patterns:

(1) On the Demerara “NADW CDS” plateau, the main instability initiates along the
headscarp slope failure that localizes the edge of the NADW moat. Generally, along the
contouritic channels, erosion caused by the winnowing effect can change pressure
conditions in the sedimentary column. This leads to a decrease in cohesion and friction
forces and then to slope instability (Ingram et al., 2011). Hence, the erosion in the moats,
along the headscarp slope failure and on the lower marginal plateau, can contribute to
promote regular instabilities and mass-wasting along the slope failure headscarp and
along the lower continental slope. The slope variations between the upper marginal
plateau (1°) and the intermediate marginal plateau (3°) can also promote the
maintenance of instability through time by retrogressive erosion. In addition, the
transition from the upper to the intermediate plateau corresponds to the transition from
AAIW to NADW, highly contrasting in salinity and temperature. In such a context, the
formation of internal waves may occur, which oscillate at and under this interface, called
a pycnocline (Sandstrom and Elliott, 1984; Shanmugam, 2013). On the Demerara
Plateau, the internal waves are associated with the semi-diurnal tidal signal, with a
period of 12.42 h (Tallobre et al., 2016). This phenomenon promotes erosion and
sediment transport (de Madron et al., 1999; Puig et al., 2004). The sum of NADW
erosion along the moat, internal wave break and slope steepness likely explains the
recurrent instability and the initiation of numerous MTDs along the upper NADW moat.

(2) In the Demerara abyssal plain, the AABW moat forms an elongated depression at the

foot of the plateau (Figure 10). This moat is infilled with an alternation of bedded and
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transparent sediments interpreted as a stacking of contourites and MTDs originating
from the recurrent destabilization of the steep lower continental slope. This sedimentary
pattern is very well expressed on the echo-facies map (Figure 11C) with transparent

moat echo-facies highly contrasting with the drift bedded echo-facies.

To conclude, MTDs are numerous on the Demerara marginal plateau in the CDSs linked to
the NADW and AABW. These MTDs are either related to the longitudinal erosion power of
those contour-parallel thermohaline currents regularly reactivating slides along steep slope

domains, or to the breaking of internal waves.

Such observations have been made in many other CDSs around the world: along the
Argentine slope (Hernandez-Molina et al., 2009), on the Pianosa ridge (Cattaneo et al., 2014),
along the Adriatic Margin (Verdicchio et al., 2007), in the Bay of Biscay (Faugeres et al., 2002),
on the Varing plateau (Orvik and Niiler, 2002; Laberg et al., 2005; Hernandez-Molina et al.,

2008) and many other examples quoted in Laberg and Camerlenghi, (2008).
Using the sub-bottom profiler to characterize contourites

Considering their penetration range (the first hundred metres of sediment, depending on
sediment type) and average vertical resolution (commonly 20 to 40 cm), sub-bottom profiles
are well suited for imaging recent sedimentary patterns (depending on sedimentation rates,
Pleistocene to Holocene time frames) and understanding associated palaeoceanographic
archives. Therefore, this type of geophysical data is frequently combined with core data to

analyse recent sedimentary deposits and processes.

Our study combines echo-facies mapping with calibration by sediment coresand enables us

to propose some CDS recognition criteria:

(1) Contourite drifts are clearly expressed on echo-facies maps by along-slope, slope-
parallel distribution patterns of echo-facies (Figure 11C). Echo-facies are dominantly

depositional types, sometimes with wave-like bedforms (bedded, wavy bedded or wavy
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and conical echo-facies). Wipe-out echo-facies frequently affect the bedded echo-facies
within drifts, possibly resulting from high water content or organic contents typical of
drifts (Laberg and Camerlenghi, 2008; Wetzel et al., 2008).

(2) Moats are expressed by echo-facies typical of erosion, non-deposition, exposed
indurated slopes or slope instability (hyperbolic, transparent or alternations of bedded
and transparent echo-facies) by opposition to drifts.

(3) On isopach maps, moats and contouritic channels are depleted domains compared to
drifts (Figure 11B). On the Demerara Plateau, the NADW elongated mounded drift is
characterized by an along-slope, slope-parallel depocentre disconnected from upslope
sediment depocentres by an along-slope depleted moat corridor. At the foot of the
Demerara Plateau, the contrast in thickness between the AABW moat and its related
elongated mounded drift is sometimes less clear due to MTD infills in the moat
(Figure 10), but the association with the echo-facies enables us to evidence contourite
processes.

(4) At a more local scale, infill drifts related to local topographic variations (mini-basins
between outcropping MTDs or basement ridges) (Figure 11) are clearly expressed on

isopach maps as thickly sedimented patches (Figure 11B).
Conclusion

This paper presents a new, comprehensive and up-to-date echo-facies map of Contourite
Depositional Systems along the Demerara marginal plateau and abyssal plain in relation with

the NADW and AABW thermohaline deep currents.

These CDSs display moats characterized by hyperbolic, transparent and bedded transparent
echo-facies related to strong erosion and slope instability. In turn, the depositional drifts are
characterized by bedded to undulated-bedded echo-facies related to contourite accumulations

and associated depositional bedforms. In these drifts, seismic wipe-outs are frequent and attest
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to high fluid content. The hyperbolic echo-facies occurs where MTDs are exposed by the

activity of bottom currents (either eroding or preventing sedimentation).

The echo-facies map shows typical along-slope patterns that correlate with isopach map
thickness variations, enhancing the fact that the combination of these approaches is very

efficient for contourite recognition at a regional scale:

- Moats correspond to along-slope elongated depleted zones displaying the
hyperbolic, transparent and transparent bedded echo-facies typical of erosion, non-
deposition, exposed slopes or slope instability,

- Drifts correspond to along-slope elongated depocentres displaying bedded, wavy
bedded echo-facies with internal depositional bedforms and frequent seismic wipe-

outs probably related to high fluid contents.
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Figure 1: General map of the study area. (A) map from GeoMapApp

(http://www.geomapapp.orq) indicating the main deep water masses interacting with the

Demerara seafloor; (B) bathymetric map with position of sub-bottom profiles
(GUYAPLAC, IGUANES, DRADEM, MARGATS), IGUANES sedimentary cores and

the position of the mooring.
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854 Figure 2: (A) Color bathymetric map with 50 m iso-contours spacing; (B) Sub-

855  bottom profile (white line on A) of the Demerara marginal plateau with identification of
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the upper plateau, the headscarp sope failure, the intermediate plateau, the lower
plateau, the continental slope and the position of the water masses, water mass salinity

values projected from A20 WOCE hydrographic section (Koltermann et al., 2011).

X

R’

Figure 3 : Color bathymetric maps to illustrate the features present on the seafloor.
(A) bathymetric map with iso-contours spaced 200 m apart; (B) focus on elongated scours
with comet tails on the west edge of the Demerara marginal plateau oriented N 45°;
(C) focus on longitudinal waves parallel to the isobaths; (D) focus on the biggest elongated
scours (4500 m long, 1800 m wide and 49 m of depth) oriented N 128° as the mean
direction of the NADW measured by the mooring (Tallobre et al., 2016); (E) zoom on the
topographic mount located on the continental slope; (F) bathymetric map of the eastern
part of the Demerara marginal plateau with cartography of the MTDs (from Pattier et
al., (2013)) and crests of the longitudinal waves (modified from Tallobre et al., (2016));
(G) focus on the south-east corner with the presences of some canyon.
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871 Figure 4 : Calibration of sub-bottom profiles by cores and stratigraphy (stratigraphy

872  obtained by IGUANES isotopic curve from Tallobre et al., (2019)).
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874 Figure 5: Echo-facies classification, interpretation in term of sedimentary types,
875  processes and stratigraphy (from Tallobre et al., 2016; Tallobre 2017; and Tallobre et al.,
876  2019), illustrated with typical sub-bottom profile sections. When echo-types could be
877 calibrated by core datathey are labelled “IG-KS” for IGUANES-Kullenberg with a

878  number from 1 to 20. All cores are localized in Figure 6 using these labels.
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880 Figure 6: Echo-facies map of the Demerara marginal plateau and position of
881  sedimentary cores. (A) map with echo-facies classification and (B) interpolated map of

882  echo-facies distribution and position of sub-bottom profiles used in this study.
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Figure 7: Sub-bottom profile illustrating the main sedimentary processes (MTD,
contouritic moat, contouritic drifts) as a function of the physiographic domains on the
Demerara marginal plateau. Location of the SBP line in Figure 6, echo-facies colour codes
is the same as in figure 5. Note the stratigraphic location of the yellow reflector (see Figure

4).
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890 Figure 8: Sub-bottom profiles illustrating the wipe-out echo-facies characterized by
891  perturbed acoustic signals which can be associated to fluid circulation in the sedimentary
892 column. lin yellow, the deepest reflector reached by sedimentary cores. Note the

893  stratigraphic location of the yellow reflector (see Figure 4).
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896 Figure 9: Illustrations of the infill drift locally present on the lower marginal plateau.
897  Echo-facies color code same as in figure 5. Note the stratigraphic location of the yellow

898  reflector (see Figure 4).
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900 Figure 10: Sub-bottom profile illustrating the sedimentary processes present on the

901 continental slope of the Demerara plateau and on the abyssal plain, where a contourite
902 channel is clearly expressed, it passes laterally to a mounded elongate and then a sheeted
903  drift. Location of the SBP line in Figure 2A. Echo-facies color code same as in figure 5.

904  Note the stratigraphic location of the yellow reflector (see Figure 4).
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906 Figure 11: Synthesis of the sedimentary processes on the eastern part of the Demerara

907 plateau with (A) bathymetric map; (B) isopach map of sedimentary deposits calculated
908 between the seafloor and the yellow horizon (visible on the SBP) which is the deepest
909  horizon reached by coring (modified and completed with new data from Tallobre et al,

910 2016); (C) the up to date echo-facies map presented in this study.
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912 Figure 12: Sub-bottom profile showing the lower marginal plateau. Location of the

913  SBP line in Figure 2A. Echo-facies color code same as in figure 5.
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