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Abstract Slopes adjacent to the Bahamian carbonate platform revealed a large variety of depositional
processes. In this study, we present a synthesis summarizing 109,000 km? of bathymetric and reflectivity data
with ~7,900 km of seismic lines and 311 m of sediment cores that were obtained over the last 50 years. These
data are used to develop a conceptual model of sedimentation patterns on Quaternary carbonate slope systems
and their interaction with the adjacent shallow-water carbonate platforms. Our data highlight that during the
Quaternary, factors controlling large-scale sedimentation on Bahamian slopes have numerous similarities as
they have higher sedimentation rates during interglacials. At a small scale, every slope has its own
characteristics that are contemporary controlled by two main characteristics: (a) facies on the adjacent shallow-
water platform, and (b) the impact of shallow- and deep-water currents. Large-scale tectonics influence
sediment deposition as it determines the position of the islands and impacts platform facies distribution.

Plain Language Summary The factors that allow sediment to be exported from carbonate platforms
to the deep-sea need discussion. To gain a better understanding of the processes involved, the sedimentary
archives of the slopes connected to these carbonate platforms are consulted. The sediments encountered vary
and range from grains finer than 20 pm to coarse sandy sediments, a few millimeters in size. To understand the
different processes that export those different types of sediment, we analyze various slopes of the Bahamas, a
well-known pure carbonate platform system. We used both numerical data (bathymetry, reflectivity, seismic)
and sediment samples from this area and compared those records for the different Bahamian slopes. We
highlighted that every slope displays a different sediment record; for every slope transect the adjacent platform
facies together with deep-sea processes (currents) determine the sediment distribution. The processes that export
and transport the sediments are of equal importance.

1. Introduction

Bahamas is an isolated carbonate system, which constitutes one of the best-studied modern pure carbonate
systems besides the Maldives. The Bahamian shallow-water platform and the surrounding Pleistocene/Holocene
slope deposits have been studied by numerous research teams since the 1970s using acoustic data and samples
collected by grab samplers, Kiillenberg cores, and drilled cores (e.g., ODP, IODP expeditions). Some studies
focused on platform facies distribution (Ball, 1967; Enos, 1974; Harris et al., 2015; Kaczmarek et al., 2010;
Reijmer et al., 2009; Purdy, 1963a, 1963b), highlighting that fine-grained sediments are frequent in protected
areas near islands as coarse grained sediments are mainly concentrated along the edge of the margin platform.

Other studies investigated processes associated with sediment supply to the slopes. Aforementioned studies also
showed the variability in sediment production, transport and deposition of individual Bahamian regions for the
Quaternary (Figure 1), which are (a) the Little Bahama Bank (LBB) slope and basin where platform export is
limited to a few tens of kilometers offshore of the northern LBB margin and mostly concentrated within an
Holocene wedge located at the uppermost slope (Fauquembergue et al., 2018; Mulder et al., 2017; Rankey &
Doolittle, 2012). This sediment distribution highlights the impact of contouritic processes within the middle and
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lower slope environments (Chabaud et al., 2015; Fauquembergue et al., 2023; Mulder et al., 2018; Tournadour
et al., 2015). Sediment deposited during glacial intervals can locally be dominated by grain support-supported,
cemented debris (Lantzsch et al., 2007); (b) in Exuma Sound the slopes and basin are fed by coarse platform-
derived sediments that are also transferred to the abyssal plain (Cartwright, 1985; Droxler, 1984; Le Goff
et al., 2021; Reijmer et al., 1988); (c) The Tongue of the Ocean, which is a semi-enclosed basin with a high
percentage of gravity-induced sediment input besides open ocean input (periplatform ooze; Droxler &
Schlager, 1985; Haak & Schlager, 1989). (d) The western margin of Great Bahama Bank (GBB) on which
sedimentation is marked by a significant input of fine-grained platform-derived sediments when the platform is
flooded that can lead to the development of channel-levees systems (Mulder et al., 2014). Within the deeper part
of the slope, the fine-grained sediments are redistributed by contourite currents (Betzler et al., 2014). Sea-level
lowstand deposits are characterized by coarser grained sediment, but less abundant productivity as platforms are
not flooded (Busson et al., 2019).

Previous results obtained along these slopes suggest a distinct complexity hampering the creation of a single
depositional and facies model for the Bahamian slopes. Each Bahamian slope section appears to reflect the
response to a specific set of variables with an explicit impact. The factors involved are (a) grain size variations in
sediment input from the platform, (b) sediment redistribution through currents, (c¢) inherited morphology, (d) sea-
level variations, (e) diagenetic processes, and (f) microbial binding.

In this manuscript, a synthesis of the studies that have been carried out on the Bahamian shelves and slopes up to
now will be discussed. The study aims to: (a) combine all available acoustic and sediment data and (b) evaluate
the main factors that control the development through time of the modern Bahamian slopes, and (c) determine
which factors relate to the differences in sediment distribution and slope morphology for the different Bahamian
slope transects.
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Figure 1. Physiographic map of the Bahamas showing the sedimentary facies on the shallow-water platform and the trajectory of surface and deep currents. Platform
facies were established according to Purdy (1963a, 1963b), Enos (1974), Bourrouilh-Le Jan (1990), Reijmer et al. (2009), Harris et al. (2015) and Purkis et al. (2019).
TOTO = Tongue of the Ocean. From Fauquembergue et al. (2023). AABW = AntArctic Bottom Water, DWBC = Deep Western Boundary Current.
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2. Geological Setting
2.1. Bahamas Morphology

Bahamas are an archipelago consisting of more than 700 islands dispersed along the various isolated carbonate
platforms. Two platforms are particularly large: the GBB (~108,000 km?; Figure 1) and the LBB (~17,000 km?;
Figure 1). These platforms are intersected by deep basins such as the Tongue of the Ocean (TOTO), Exuma
Sound, and the Columbus Basin (Figure 1), and deep canyons such as the Exuma Canyon, the Great Bahama
Canyon (GBC; Figure 1) as well as the Great Abaco and Little Abaco canyons (GAC, LAC, respectively;
Figure 1). These giant incisions are related to rifting activity associated with the dislocation of Pangea (Masaferro
et Eberli, 1999; Wylie Poag, 1991). Both the platform and canyon positions and their development are structurally
controlled (Andrews et al., 1970; Mulder et al., 2018; Recouvreur et al., 2020).

2.2. Hydrodynamics

Different currents surround and interact with the Bahamian platforms. They include two northward-directed
surface currents: the Florida and the Antilles current (<1,000 m water depth; Figure 1), which join at the
north-western tip of the LBB to form the Gulf Stream. The Antilles current consists of different branches that
border the north, the east, the south and south-west of the Bahamas. The Florida current circulates around Cay Sal
Bank and borders the north-western GBB and western LBB (Bergman et al., 2010; Betzler et al., 2014; Liidmann
etal., 2016). Along the western margin, the Deep Western Boundary Current (DWBC) flows southward along the
Blake Bahama Escarpment at water depths of >1,000 m (Figure 1; Leaman et al., 1995; Liidmann et al., 2016).

2.3. Distribution of Platform Facies

Carbonate productivity and associated carbonate sedimentation vary across the Bahamian platforms; hence, the
platforms display a very diverse facies distribution pattern (Enos, 1974; Harris et al., 2015; Purkis et al., 2019;
Reijmer et al., 2009). On the LBB, green algae such as Halimeda, Penicillus and Nhipocephalus produce a large
amount of the bank mud present within the lagoon. As illustrated in Figure 1, mud is predominant on the leeward
side of the islands and in parts of the interior where it is protected from high hydrodynamic processes such as
winds and swell. Purdy (1963a, 1963b) and Enos (1974) highlighted the large amount of mud present on the GBB
and LBB platforms as other studies showed that for example, on GBB facies varied depending on the location on
the platform in response to variations in wind and current intensities (Bourrouilh-Le Jan 1990; Reijmer
etal., 2009; Harris et al., 2015; Purkis et al., 2019; Figure 1). Coarser sediments, such as grainstones, dominate the
edges of the platforms (Figure 1) as various hydrodynamic processes such as storm-induced currents, shallow
currents and tides remove the mud (Harris et al., 2015; Purkis et al., 2019).

2.4. Bahamian Slope Deposits
Modern sediment deposition on the slope surface relies on two processes:

1. Sediment export from the platform to the slope. Sediment transfer preferentially occurs when the platforms are
flooded (Glaser and Droxler, 1991; Schlager et al., 1994), and mainly when winter cold fronts pass by Bustos-
Serrano et al. (2009), Dierssen et al. (2009), Purkis et al. (2017), Wilson and Roberts (1992, 1995), and Yao
et al. (2023) as these cold fronts produce dense waters that are able to transport sediments, a process called
“density cascading.” Other sediment transport events occur in the aftermath of hurricanes (Boss & Neu-
mann, 1993; Fauquembergue et al., 2018; Toomey et al., 2013). Tidal flushing helps in mobilizing fine-grained
material during both meteorological events (Fauquembergue et al., 2018; Lopez-Gamundi et al., 2023; Mulder
et al., 2017). On the slopes, platform sediment export is structurally observed within sedimentary structures
like large dissolution depressions acting today as plunge-pools (Mulder et al., 2019), sediment waves and
gullies (Betzler et al., 2014; Mulder et al., 2014, 2017; Recouvreur et al., 2020; Schnyder et al., 2018; Wunsch
et al., 2016), but also with contourite deposits (Eberli & Betzler, 2019; Mulder et al., 2019).

2. Sedimentation related to current circulation. Some carbonate mounds, scours and current-related lineaments
are observed on the middle to lower slopes of both LBB (Tournadour, 2015) and GBB (Correa et al., 2012;
Liidmann et al., 2016; Principaud, 2016). Current circulation allows the development of five carbonate
contourite drifts along the Bahamian slopes (Figure 1) detailed by Bergman (2005) and Mullins et al. (1980)
being the: (a) Pourtales Drift which is an asymmetric separated-detached drift (>24,000 km? and 1 km thick),
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(b) the Cay Sal detached drift (20 km in length and 300 m thick), (c) Santaren Channel confined drift
(9,600 km? and 600 m thick), (d) Great Bahama detached drift (>150 km in length and 500 m thick), and (e) the
LBB plastered drift (3,000 km? and 500 m thick; Mullins et al., 1980) which fills a slide scar (Chabaud
et al., 2015; Tournadour et al., 2015). The contourite drift deposits were also detailed in Eberli and Bet-
zler (2019) and Mulder et al. (2019). Along the Blake Bahama Escarpment, another small detached drift
(Mulder et al., 2019) made of mixed carbonate and hemipelagic sediments (Cartwright, 1985; Droxler, 1984)
is formed by the DWBC.

Schlager and Ginsburg (1981) and Adams and Kenter (2013) discussed that Bahamian slope angles help in
recognizing the main gravity processes that occur on slopes (Figure 2): (a) accretionary slopes on gentle slopes
lead to slumps and gravity flows, (b) by-passing slopes with intermediary angles lead to turbidites with hard-
ground gullies, as (c) erosional slopes lead to turbidity and contour currents confined within slopes and deep
basins. They also stated that the difference between windward and leeward exposure of a slope may have an
impact on slope morphology, as depositional slopes are mainly found on the western flanks of LBB and GBB as
wind the trade winds mostly come out of the north-east to east. Bottom current velocity can also have an impact on
the deposition/erosion of a slope. This study demonstrates that the Schlager and Ginsburg (1981) model needs to
be re-evaluated.

3. Data and Methods
3.1. Acoustic Data

A total of ~109,000 km? of bathymetry and backscatter data (Table 1; Figures 2 and 3) and 7,894 km of Very
High-Resolution vertical seismic lines (VHR; 3.5 kHz; Table 1; Figure 4) were analyzed. Acoustic data were used
to determine the slope structures and morphologies independently of data discussed in various studies (Berg-
man, 2005; Bergman et al., 2010; Betzler et al., 2014; Mulder et al., 2014, 2017, 2018; Principaud, 2015;
Recouvreur, 2017; Recouvreur et al., 2020; Tournadour, 2015; Wunsch et al., 2016). In this study, we used
ArcGIS software (Esri; version 10.6) to combine, evaluate and summarize all data. The total data set provides a
synthesis of sedimentation processes at a Bahamian-wide scale (Figure 4).

Data are derived from a variety of sources and therefore rely on data sets with different scales and with varying
resolution, as presented in various studies. Some of the data were acquired by high-resolution acoustic tools
(Table 1), whereas TOTO and Exuma Sound bathymetry were digitized from published data (Cartwright, 1985;
Crevello & Schlager, 1980; US Naval Oceanographic Office, 1967). The latter are marked as “low resolution”
data in Table 1. Therefore, it is important to note that some small-size structures (sediment waves, small size
channel levee system etc...) could only be highlighted in those areas with sufficient data resolution, as others will
remain hidden until new acoustic data become available.

3.2. Sediment Samples

In total, 311 m of sediments, obtained by gravity cores and grabs, were used to detail the sedimentation processes
on the Quaternary slopes and to classify the sediments present (Table 2; Figures 5-7).

The gravity cores collected on the slope were used to characterize the present-day slope facies and Bahamian
Quaternary sedimentation patterns through time. The cores (see detailed cruises and bibliography in Table 1)
analyzed by Droxler (1984; GAC abyssal plain area cores), Cartwright (1985; Exuma canyon area cores),
Chabaud et al. (2015; northwestern LBB slope cores), Chabaud (2016, northwestern LBB and western GBB
slopes cores), Fauquembergue et al. (2023; northeastern LBB slope) and Fauquembergue et al. (2018; uppermost
LBB slope cores) were used in this evaluation. The sandy fraction established for this study is based on grain-size
measurements using a laser particle size analyzer (Malvern Mastersizer 2000). Sand size fraction of surface
sample descriptions published by US Naval Oceanographic Office (1967) in TOTO were also incorporated in the
study.

A first summary of combined GBB and LBB facies was discussed by Principaud (2016) based on Ball (1967),
Enos (1974), Reijmer et al. (2009), Kaczmarek et al. (2010), Harris et al. (2015) and Purkis et al. (2019). Data
collected before the 2000s are based on samples, while data acquired more recently are based on remote sensing
acquisitions. In this new study, facies recognized in cores collected on the northern GBB by Bourrouilh-Le
Jan (1990) were also included as they were not used in previous studies.
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Figure 2. (a) Synthesis of Bahamian slope bathymetry. Data acquired onboard with a resolution higher or equal to 50 m (see
Table 1) are outlined in black and superposed on GEBCO data (GEBCO Bathymetric Compilation Group, 2020). Platform
facies were established according to Enos (1974), Bourrouilh-Le Jan (1990), Reijmer et al. (2009), Harris et al. (2015), and
Purkis et al. (2019), see Figure 1 for platforms facies legend. Solid lines indicate the location of (b) bathymetric profiles as
dashed lines indicate the location of models shown in Figure 7. (b) New bathymetric profiles compared to the Schlager and
Ginsburg (1981) model indicating the type of slope concerned. Arrows indicate the approximative location of the break in
slope where it tends to flatten.

4. Results
4.1. Bathymetry

The combined bathymetric map allows a direct comparison of the individual slope profiles across the Bahamian
archipelago (Figure 2b). Slope profile analysis highlights that at distances between 10 and 20 km away from the
platform margins, every slope tends to flatten. This slope break appears closest to the shelf break in the Santaren
Channel and the Florida Strait (<10 km), as it is located at ~15 km in Exuma Sound and even further at over
18 km on the northern LBB slope. The slope flattening occurs at different water depths: less than 1,000 m water
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Figure 3. (a) High resolution multibeam echosounder backscatter map of the study area. (b) Distribution of acoustic facies
recognized after backscatter evaluation. See Table 2 for backscatter classification, and Figure 1 for platform facies legend.
Platform facies were established according to Enos (1974), Bourrouilh-Le Jan (1990), Reijmer et al. (2009), Harris

et al. (2015), and Purkis et al. (2019).

depth in the Santaren Channel, the Florida Strait and the north-western LBB, which all are located on the western
Bahamas and all agree with the “accretion” slope profile of Schlager and Ginsburg (1981; Figure 2). The northern
Bahamian slope steepens around 1,000 m deep in the western part and at 1,200 m deep in the eastern part
(Figure 2). The eastern Bahamian slopes (Great Abaco Channel and Exuma Sound; Figure 2) steepen between
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Figure 4. Echofacies map of the study area, position of seismic lines (top) and interpretations (bottom) are reported. See
Table 3 for echofacies classification. Bedded and draped facies are found close to platform margins for both Northern LBB
and western GBB; however, over the northern LBB, two distinct areas present deposition that is not related to the same
processes (coarse grained deposition on the eastern slope). Hyperbolic-diffuse facies are predominant on Bahamian slopes.
Red and orange colors are used for depositional areas, blue colors for erosional areas and green correspond to colors that we
do not know.

1,500 and 2,000 m water depth and agree with a bypass model (Schlager & Ginsburg, 1981). Hence, a clear east-
west variability in slope profiles can be observed; the profiles seem to steepen and reach deeper water depths
when moving from west to east (Figure 2).

4.2. Reflectivity

The harmonized backscatter map (Table 2; Figure 3) shows different reflectivity's on the Bahamian slopes from
low to high reflectivity, with both homogeneous and heterogeneous appearances. As those reflectivity pieces were
previously analyzed in separate studies, the first inventory displayed a large variability. The main interest of the
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Table 2
Classification and Description of Main Reflectivity Facies Found Along the Bahamian Slopes
Symbology Covered
Facies Reflectivity (Figure 3) Description and interpretations area (km?)
Very highly reflective Very rare in the study area, this facies is generally located along some platform margins 122
homogeneous (Santaren, Samana Cay...) and within the Mass Transport Complexg scar in the
northwest of LBB.
Very highly reflective Usually found within very steep transit structures (e.g. along the Blake Bahama 7,673
heterogeneous Escarpment) and within canyons (head of the Great and Little Abaco canyon, head
and foot of the San Salvador canyon).
Highly reflective Minimal presence in the study area, only at the foot of the northern Eleuthera 172
homogeneous et - Escarpment.
Highly reflective Loy Frequent, generally occurring in strongly indurated sedimentary transit areas, such as 9,874
heterogeneous . - gullies, tributary furrows, or landslide zones on the western slope of the LBB.
Medium reflective = Found in areas generally subject to carbonate ooze or carbonate pelagic deposition, such 13,783
homogeneous - as plateaus and drifts.
Medium reflective F il Corresponds mainly to areas with moderately indurated gullies. 4,657
heterogeneous 1 & T -
Medium reflective '\ Principally corresponds to areas rich in slide scars from multi-kilometer slides. 10,500
heterogeneous 2 \ \
N
Medium reflective Generally, corresponds to zones with furrows induced by the passage of currents. 3,258
heterogeneous 3
Low reflective Found only in the Nares Abyssal Plain at the foot of the Great Abaco Canyon. 4,560
homogeneous
FAUQUEMBERGUE ET AL. 9 of 21
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Table 2
Continued
Symbology Covered
Facies Reflectivity (Figure 3) Description and interpretations area (km?)

Low reflective
heterogeneous

Low reflective
heterogeneous

Very low reflective
heterogeneous

Mainly found on the Nares Abyssal Plain, probably linked to current-related structures. 5,530

o .; i Corresponds mainly to areas with weakly indurated gullies in the Great Bahama Canyon 1,805
¥ / area.
"

= 3 Mainly found in the Nares Abyssal Plain, both at the foot of the San Salvador Canyon 1,423
ﬂa and northeast of Eleuthera.

new map was to produce a map in which large-scale facies variations present on the slopes are documented;
previous studies distinguished more than 20 different slope facies (Principaud, 2015; Recouvreur, 2017; Tour-
nadour, 2015). When summarized and standardized on a large scale, the various facies classifications could be
merged into a total of 12 slope facies; appearance, descriptions, and interpretations are given in Table 2.

Very low reflectivity's are always heterogeneous and can be found on the Nares abyssal plain in two areas: near
north-eastern Eleuthera Island and at the base of the Exuma canyon (Table 2; Figure 3). The low reflectivity facies
are homogeneous at the GAC outlet and become heterogeneous when crossing structures such as gullies at the
mouth of the Little Abaco Canyon, in the Nares Abyssal Plain and in some areas that are located close to the GAC.
Both medium homogeneous and heterogeneous reflectivity's are present along slopes shallower than 3,000 m and
on plateaus (Table 2; Figure 3) and cover the main part of the Bahamian slopes. Homogeneous facies are related to
areas related to carbonate ooze or pelagic deposits; facies become heterogeneous when they are intercepted by
furrows related to currents, by slide-scars within the Blake Plateau and by more indurated gullies than those that
show low reflectivity. Highest reflectivity's occur on the steepest slopes such as along escarpments (Blake
Bahama Escarpment, GAC head, GBC head, Exuma head, Mass Transport Complexes [MTC] slide scar, induced
gullies) and also at the outlet of Exuma canyon (Table 2; Figure 3).

4.3. Echofacies

The VHR seismic study shows the predominance of two types of echofacies: (a) bedded and (b) hyperbolic
echofacies (Table 3; Figure 4). Both echofacies were recognized and classified by Principaud (2015), Tourna-
dour (2015) and Recouvreur (2017). The bedded echofacies occur along (a) the north-eastern LBB slope, where it
is dissected by various gullies, (b) the Nares Abyssal Plain, (c) the Exuma Sound area, and concentrated areas
close to the platforms margins areas along both (d) the north-western LBB slope and (e) the western GBB slope
(Table 3; Figure 4). Around 1,000 m deep, bedded and hyperbolic facies are usually combined with hyperbolic
and diffuse reflectors. Further downslope of the latter slope areas, bedded echofacies are presently combined with
hyperbolic reflectors (Table 3; Figure 4). At times, the hyperbolic echofacies occur together with bedded, un-
defined, or draped reflectors (Table 3; Figure 4). Hyperbolic draped reflectors are positioned only close to the
GAC head (Table 3; Figure 4). Combined hyperbolic and unclear reflectors are present within most of the Exuma
Sound but also occur along the western GBB where they are not affected by bedded echofacies. They also mark
the steep slopes along the Blake Bahama Escarpment.

Chaotic reflectors indicate that the deposits observed do not present any internal structures (Table 3). This facies
is almost absent in the study area and is only found along steep slopes like the Blake Escarpment along the
northern Exuma canyon and upper slope of the western GBB (Figure 4).
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Figure 5. Results of the [% sand] analysis of Quaternary sediments presented within cores collected along Bahamian slopes.
This ratio was extrapolated to the platforms facies map (Bourrouilh-Le Jan 1990; Enos, 1974; Harris et al., 2015; Purkis

et al., 2019; Reijmer et al., 2009) with average sand, silt, and mud contents. Data in TOTO digitized from US Naval
Oceanographic Office map (1967).

4.4. Grain-Size

The sand ratio was used to determine the variations in the distribution of coarse- and fine-grained sediment within
the research area (Figure 5). The map highlights important differences in the sediment distribution within the
shallow waters of the carbonate platform, along the platform margins and on the slopes. The platform facies
appear to be coarser than those on the slopes, a pattern that dominates within TOTO and along the northern
Bahamian margin. However, it is important to note that grain-size results for TOTO are based on surface samples
and not on long core records in contrast to the other samples. These cores from the TOTO basin (Droxler, 1984;
Droxler & Schlager, 1985) were not available for detailed sampling. They show that the majority of the coarse-
grained turbidites were deposited during interglacial periods (Droxler & Schlager, 1985). Hence, grain-size
measurements of long cores could document the amount of sand deposited during the Quaternary. A detailed
sand distribution analysis highlights that coarse-grained sediments are concentrated at the outlet of the Exuma
Canyon within the abyssal plain of San Salvador; sand dominates most of the samples in this area. The northern
margin of the LBB also displays some, but less, areas enriched in sands, both on the north-eastern lobes and on the
lower slope during Marine Isotopic Stage 5 (MIS), between 130,000 and 71,000 years ago (Fauquembergue
et al., 2023; Recouvreur et al., 2020). MIS 5 is the last interglacial period before the present one. Bahamian
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A

carbonate platform flooding can only take place during interglacial periods;
thus, sediments produced on platform export to slope also. The north-western

LBB slope on the MTC slide scar is slightly enriched in sand but predomi-

nantly contains carbonate ooze (Chabaud et al., 2015; Tournadour
et al., 2015). Samples collected along the western GBB and at the outlets of
GBC and GAC have minor quantities of sand (% < 0.25).

5. Discussion
5.1. Slope Morphology

The north-western LBB slope seems to be the continuation of the western
GBB accretionary slope and the eastern Santaren slope and all display similar
sedimentary features. The analysis of samples obtained at the first two sites
(Figure 6) indicates that these areas are enriched in carbonate ooze. The north-
eastern LBB slope, including GAC, seems to correspond to a by-pass slope
similar to Exuma Sound and Exuma Canyon (Figure 2). However, sediments
supplied to these canyons differ from the sediment in the GAC system and
consist of fine-pelagic material partially supplied through tributaries (Fau-
quembergue et al., 2023). The Exuma Canyon receives fine-grained sediment
(periplatform ooze) but also coarse-grained platform-derived sediments
(gravity flows; Reijmer et al., 1988; Rendle-Biihring & Reijmer, 2005;

- Small channel-levee system fan

Fan
MTC

Pleistocene canyons
Holocene gullies
Pleistocene gullies
Canyons

Slide scars

Shallow areas

Contouritic plateaus

Distributary furrows

Reijmer et al., 2015; Busson, 2018; Le Goff et al., 2021). These observations
suggest large-scale similarities between the different canyons' morphology
and strengthens the hypothesis of a structural control of these canyons rather
than a sedimentary transit control on the morphology as was previously
demonstrated (Recouvreur et al., 2020).

The northern LBB slope morphology agrees with the slope model evolution
proposed by Schlager and Ginsburg (1981; Figure 2), with a steepening slope
evolving into an erosional slope. The “erosional slope” morphology of the

\ Terraces eastern LBB slope is shaped by the combination of turbidity currents sup-
Sediment waves plying sediment to deep-water lobes, and the Antilles Current affecting the
Sl e plateau located at the GAC head (Recouvreur et al., 2020). The western LBB

P Pockmarks slope displays some aspects of an “accretionary slope” with sediments
accumulating especially within the MTC slide scar (Chabaud et al., 2015).

Figure 6. Synthesis of sedimentary features observed along the Bahamian However, this part of the LBB slope also contains large-scale slumps
slopes. Numerous canyons and gullies highlight the slope connection (Tournadour et al., 2015) and redistributed slope-derived sediments
between shallow-water platforms and deep ocean realms. The aerial extent (Lantzsch et al., 2007); thus, the qualification of “accretionary slope” is not

of hemipelagic and contour current deposition is limited and highly

influenced by currents.

due to platform export but mostly by the presence of peri-platform ooze
(Chabaud et al., 2015) forming the LBB drift. Overall, the slope bathymetry
and observed sediment structures both agree with accretion (Figure 2). The E
to W change of the northern LBB slope morphology could be due to the regional tilting proposed by Austin
et al. (1986) and Mulder et al. (2012) and/or to the imprint of GAC incision progressing structurally westward
(Recouvreur et al., 2020).

Our results (Figure 2) highlight that several relative flat areas are observed along all Bahamian slopes at water
depths varying between 1,000 m (western slopes) and 1.500 m (eastern slopes). Those relative flat areas are
positioned deeper when moving from the northern LBB western to the eastern slope. This deepening also occurs
at a larger scale as the eastern GBB flat area occurs at a shallower water depth than the those in the eastern area
(Exuma slope). Thus, this Bahama-wide feature strongly suggests that tilting affected the whole Bahamas and not
only the northern LBB (Harwood and Towers, 1988; Kenter, 1990). To strengthen this observation, it would be
interesting to analyze the precise bathymetry of the TOTO and/or the Exuma Sound slopes. However, the accurate
bathymetry along these slopes is not available, but it would be interesting to determine if the aforementioned tilt
not only affected the northern LBB but also if it was a process that influenced the general morphology of all
Bahamian slopes.
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Figure 7. Global Quaternary (re-)sedimentation processes and morphology for various Bahamian slopes. Location of the
individual slope profiles is provided in Figure 2.

5.2. Backscatter

The base of the Blake Bahama Escarpment (Figure 1) is draped by contourites resulting from the circulation of the
DWBC (Cartwright, 1985; Fauquembergue et al., 2023). Higher on the slope, these contourites with their ho-
mogeneous reflectivity facies are incised by deep gullies (<3,000 m), which generate a heterogeneous facies
distribution (Table 2; Figure 3). Zones with fine-grained carbonate deposits (0oze or pelagic carbonate) show
medium homogeneous reflectivity facies. Medium reflectivity facies become heterogeneous when furrows erode
deposits or when gullies become filled by moderately to strongly indurated sediments. A similar heterogeneous
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Table 3 reflectivity pattern occurs in areas where currents are intense and slightly

Identified Echofacies Along Bahamian Slopes With Their Individual

Characteristics as Encountered in the Profiles, Shown on the Right Side of
the Table by Principaud (2015), Tournadour (2015), Fabregas (2017), and

Recouvreur (2017)

Echofacies

Profiles

Bedded

Combined hyperbolic-draped

Combined hyperbolic-diffuse

Combined hyperbolic-bedded

Combined transparent-diffuse

Chaotic

Transparent

Diffuse

erosive (Table 2; Figure 3). The highest reflectivity facies are found along the
steep Blake Bahama Escarpment or giant canyon flanks (Table 2; Figure 3).

The reflectivity map (Figure 3) highlights three main properties of the
Bahamian slopes:

1. The canyons incising the Blake Bahama Escarpment show differences at
their outlets. The Great Abaco, Little Abaco and Great Bahama canyons
show high reflectivity facies that is exclusively associated with their steep
flanks. The reflectivity of the facies that occur in Exuma Canyon is also
high at the mouth of the canyon, probably due to the presence of coarse
platform-derived deposits and material failed from BBE.

2. Three types of gullies were recognized within the highly reflective het-
erogeneous, the medium reflective heterogeneous 1 and low reflective
facies (Table 2). Reflectivity here reflects to degree of sediment induration
within and around structures. (a) The first type comprises strongly indu-
rated incisions that are mainly located in areas that are strongly affected by
the passage of currents, such as in the west of GBB or in the north-western
part of LBB (Table 2; Figure 3). (b) The second type includes moderately
indurated gullies characterizing the southern margins of the GBC. (c) The
third type contains weakly indurated gullies that mark the Blake Bahama
Escarpment.

3. The reflectivity map also highlights differences between the northern
margin of the LBB (windward slope) and the western margin of the GBB
(leeward slope), even though the reflectivity facies are similar. The lower
slope of the GBB has margin parallel furrows similar to those present at the
north-western LBB, which are associated with currents (Florida current
and Antilles current, respectively). However, the lower slope environment
of the western GBB has higher reflectivity facies than the upper slope of
the LBB. The confinement of the Florida Current along the GBB induces
current speeds higher than along the LBB influenced by the Antilles
Current (Johns, 2011). This difference in current speed probably explains
the more intense induration of sediments of the GBB lower slope
compared to the LBB slope. The high current speed in the Santaren
Channel is also highlighted by the increase in coarse grain-size when
moving downslope (Betzler et al., 2014) and the current shadows marking
the cold-water coral mounds (Liidmann et al., 2016).

5.3. VHR Seismic

The VHR seismic study shows the predominance of two types of echofacies:
(a) the bedded echofacies and (b) the hyperbolic echofacies (Table 3;
Figure 4). Two types of deposits can induce the presence of bedded echofa-
cies (Figure 4): (a) hemipelagites or periplatform ooze resulting from sedi-
ment export from the shallow-water platform as can be found along the
middle (i.e., the northern LBB; Tournadour, 2015; Chabaud et al., 2015;
Chabaud, 2016; Fauquembergue et al., 2018) to lower slopes (i.e., the eastern
LBB; Recouvreur et al., 2020), or (b) contourites deposited or reworked by

deep contour currents (e.g., northern margin of the GAC, the Nares abyssal plain (Eberli & Betzler, 2019;
Fauquembergue et al., 2023; Mulder et al., 2019; Recouvreur et al., 2020).

The predominance of hyperboles generally coincides with two types of surfaces: (a) a strongly indurated seabed
or (b) the flanks of steep slopes. The indurated surfaces occur in areas influenced by the Florida Current or the
Antilles Current (lower slope of the LBB), which mostly flow at water depths around 1,000 m. The map shown in
Figure 4 illustrates the complexity of the deposits observed along the Bahamian slopes as well as the extent of the
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factors that control sediment deposition during the Quaternary period in this area (Figure 5). For example, the
northern LBB margin and the western GBB margin both present a similar echofacies distribution (Figure 5); the
upper and middle slopes show bedded deposits rich in platform-derived particles. The lower slope displays
numerous indurated nodules (Dix & Mullins, 1988; Schlager & James, 1978) associated with low sedimentation
rates (and enhanced diagenesis) and increasing influence of currents with depth that is to say the increased in-
tensity of the Antilles and Florida currents in the lower slope environment. These currents also limit the depth
extension of facies related to platform export that never exceed 2,000 m deep and few kilometers away from the
coastline, but allow the development of contourite drifts (Figure 1).

5.4. Quaternary Sedimentation Patterns

Acoustic results obtained on reflectivity, bathymetry and echofacies highlight large-scale similarities between
slopes at the Bahamas. However, the analysis of detailed Quaternary grain-size partitioning highlights various
differences for the individual slopes. For example, the coarse-grained mud-poor sequences are mainly concen-
trated on three environments:

1. The abyssal plain of San Salvador where the fan associated with the Exuma Canyon ends and where coarse
turbidite deposits are frequent that disrupt the hemipelagic deposits supplied by the DWBC (Cartwright, 1985;
Droxler, 1984; Le Goff et al., 2021).

2. The northern margin of the LBB where coarse sediment layers were deposited through large-scale gravity
displacement events during MIS 5 similar to the ones found on Exuma Sound records (Crevello &
Schlager, 1980; Reijmer et al., 2015; Spence & Tucker, 1997).

3. In the turbidite lobes located on the north-eastern LBB margin (Fauquembergue et al., 2023; Recouvreur
et al., 2020).

Other variations in grain size were discussed by Rendle-Biihring and Reijmer (2005), who analyzed the grain-size
evolution of the leeward and windward sides of the GBB up to MIS 21 (900 ka) and highlighted that coarse-grains
are more common on leeward slopes during glacial periods, as they show an increase on the windward slopes
during interglacial periods. This difference between the leeward and windward slopes is due to different sediment
processes implied in both leeward and windward situations, with platform productivity export dominated by
carbonate mud influencing the leeward margins and gravity-induced re-sedimentation processes prevailing at the
windward margins.

Mud is more easily mobilized than coarse-grained sediments. The predominance of fine-grained sediment export
from platforms to slopes could be explained by the large amount of fine mud material covering the interior of the
banks (Figure 1). Recent studies have discussed that wind-induced currents and waves cause sediment suspension
across the leeward margin of the GBB as tidal currents dominate this process along the wind-dominated GBB
margin (Lopez-Gamundi et al., 2023). Hence, wind-induced currents and waves move the mud easily toward the
platform edges, forming peri-platform ooze wedges present at the different margins (Chabaud, 2016; Chabaud
et al., 2015; Droxler, 1984; Fauquembergue et al., 2018; Lantzsch et al., 2007; Roth & Reijmer, 2004, 2005;
Wilber et al., 1990). Mud accumulation will impact slope angles that drive gravity processes on lower slopes
(Figure 7; Kenter, 1990) as middle and lower slopes are affected by contour currents that may limit sediment
deposition and even induce erosion within those areas (Chabaud, 2016; Rendle & Reijmer, 2002; Schlager &
Ginsburg, 1981).

5.5. Main Factors Influencing Bahamian Slopes Morphology: Large Scale to Sample Scale Variations

Figure 6 shows the different domains and structures observed along the Bahamian slopes. Figure 7 provides a
summary of the Quaternary sedimentary processes for (a) the slopes east of the Cay Sal Bank, (b) south-western
GBB (Santaren Channel; Wunsch et al., 2016, 2018), (c) east of the GBB (Florida Straight; Principaud
etal., 2015, 2017, 2018), (d) Exuma Sound and its canyon (Cartwright, 1985; Crevello & Schlager, 1980), and (e)
the northern slope of LBB.

Three kinds of structures dominate the Bahamian slope morphologies (Figures 6 and 7): (a) structures related to
sediment export from the shelves toward the deeper slopes as expressed by gullies, canyons, channeled lobes,
turbidite fans, a channel-levee complex, and distributary furrows, (b) structures linked to sediment failure as
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marked by platform margin collapse, slide scars and MTC, and (c) structures associated with current activity
notably drifts, dunes and furrows and carbonate mounds.

Canyons connecting lower slopes to abyssal plains are structurally controlled by greater fracture intensity (Mulder
et al., 2018; Recouvreur et al., 2020) in contrast to the canyons that export platform sediments to the lower slope.
Platform export (Figure 7) mainly consists of mud, but can locally include coarse-grained sediment like on the
north-western LBB during the MIS 5 (Fauquembergue et al., 2023), the north-eastern LBB slope where it supplies
lobes (Fauquembergue et al., 2023; Recouvreur et al., 2020), within Exuma Canyon where MTCs spatially evolve
as debris flows, grain flows and turbidity currents (Crevello & Schlager, 1980; Reijmer et al., 1992) or within
TOTO with turbidity currents positioned in several lobes (Droxler & Schlager, 1985; Haak & Schlager, 1989).
The north-western LBB MTC does not present the same evolution as the Exuma Sound MTC as the slope angles
in Exuma Sound are steeper (Figure 2), the basin is deeper, and the coarse grains are more concentrated within the
upper Exuma platforms' facies. Thus, repartition of platform facies productivity, linked to sea level and energy
flux, has an impact on the sediment type that is available for the platform to slope and basin export.

At the toe of the north-western LBB slide scar, some structures interpreted as cold-water coral mounds are
observed (Tournadour et al., 2015). Cold-water coral mounds are often present in vigorous current areas. Surface
and deep-water currents have a considerable impact on the sedimentary structures and associated deposits that
developed during the Quaternary. Cold-water coral mounds occur widespread along the slopes of the Bahamas.
They are not only frequently found on the northern slope of the LBB where they mix with pelagites, hemipelagites
and contourites but also in the Santaren Channel (e.g., Correa et al., 2012; Liidmann et al., 2016). Deeper on the
slope, on the Blake Plateau, currents are strong enough to prevent deposition and induce northwest-southeast
oriented erosion lineaments (Mulder et al., 2018). Thus, depositional areas and the quantity of pelagic supply
on slopes along the carbonate margin are highly influenced by the intensity of the deep-sea currents.

Along the western leeward GBB slopes (Figures 6 and 7), platform export is particularly important and builds
sedimentary structures such as sediment waves, channel-levee systems, or gullies during Quaternary highstands at
sea level (Chabaud, 2016; Mulder et al., 2014; Wunsch et al., 2016). On the north-western windward LBB slope,
sediment export is limited and hence, such sedimentary structures do not develop. On the northern LBB slope,
bathymetric data show that the canyon morphologies vary following a west-east trend along the bank slope
(Mulder et al., 2012). The changing parameters are canyon length and width, depth of incision and channel
sinuosity, highlighting a regional tectonic tilt of the bank and the morphology of the GAC, structurally controlled
and opening from east to west, is consistent with this tilt (Mulder et al., 2012; Recouvreur et al., 2020). It affects
the slope profiles: the NW LBB (Figures 2 and 7) corresponds to a bypass area, while at the north-eastern LBB, an
accretionary sequence develops. The process of retrogressive erosion by which the canyons develop (Tournadour
et al., 2017) is proposed for the western part of the LBB and suggested in the eastern part.

This data summary displays the strong impact of (Figure 7): (a) platform facies (quantity of coarse- and fine-
grained sediment supply), (b) ocean currents (drift, coral mounds and erosion) and (c) regional tectonic
(impact slopes angles) processes on carbonate slopes morphologies and on sediment composition of the slope
deposits marking them.

Carbonate platform facies distribution and the presence of reefs influence sediment export, which influences the
morphology of slope canyons as demonstrated by Puga-Bernabéu et al. (2011, 2013) for the mixed Great Barrier
Reef system. The northern LBB slope revealed that the extent of the individual platform facies realms also in-
fluences sediment supply to the slope (Fauquembergue et al., 2023), where sediments derived from Bahamian
platforms are generally fine-grained, so variations in physical energy fluxes mostly mobilize mud in this area. The
slopes of Exuma Sound display a mix of platform derived fine and coarse grains and open-ocean input, hence
resulting in a fairly typical mix of periplatform ooze and gravity deposits (Reijmer et al., 1988; Rendle-Biihring &
Reijmer, 2005; Reijmer et al., 2015). The basin floor of Exuma Sound and Exuma Canyon are generally asso-
ciated with large quantities of coarse-grained particles (Crevello & Schlager, 1980; Cartwright, 1985; Mulder
et al., 2019; Le Goff et al., 2021; Figure 7). These coarse-grained facies are also observed on the north-eastern
slope of the LBB (Figure 7). For both locations, the upstream shelves are depleted in mud and slightly richer
in packstones and grainstones than elsewhere (Figure 1). These observations confirm that (a) the dominant facies
on the platform seem to be an important factor controlling the slope facies (Figure 5) and (b) the direction of
physical energy fluxes have an important influence on platform-export and related slope sedimentation rates
(Fauquembergue et al., 2018; Wilber et al., 1990). Thus, energy fluxes direction influence both (a) platform facies
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distribution and (b) on platform export to slope on downstream depositional areas. These findings agree with the
sedimentation patterns observed for the slopes of the Great Barrier Reef also influenced by platform facies (Puga-
Bernabéu et al., 2011, 2013).

Long-term records of the mud rich leeward margins of the Bahamas, for example, since the Cretaceous on the
northwestern GBB, allowed a lateral migration of 25 km laterally (Eberli & Ginsburg, 1987, 1989). Muddy
carbonate sequences are more frequent than coarse-grained sequences on leeward-positioned Bahamian slopes
and allow the development of structures that agree with frequent sediment transport (moats, sediment waves,
gullies and channel-levee systems; Figure 7; Principaud et al., 2018). Most of these sedimentary structures are
active during highstands, particularly during highstands with sea level higher than for the Holocene, because of
the enhanced productivity on the shelves. The slopes on the leeward margins receive large quantities of mud
(forming periplatform ooze), which reflects the upstream platform facies and thus is a very important factor
conditioning slope sediment supply. Sequences rich in coarse-grained platform-derived particles are not frequent,
but their input may form important deposits (large sediment lobes) and may produce large structures such as
canyons and debris flows that do not depend primarily on the wind direction. The same holds for the gravity
deposits in the basins surrounded by shallow-water areas (e.g., TOTO: Droxler & Schlager, 1985; Haak &
Schlager, 1989; Exuma Sound: Reijmer et al., 1988).

Thus, during sea-level highstands, a combination of tectonic (tilting) and platform export controls the quantity of
coarse-grained export from the platform to the slopes. Deeper on the slope, currents have an important impact on
seafloor morphology and on the location where the fine grains will be deposited.

During platform emersion, productivity largely stops or is limited to the marginal terraces like those present along
the north-western LBB (Fauquembergue, 2018; Rankey & Doolittle, 2012). During these periods, emersion is
characterized by cementation and Kkarstification on the exposed platform (e.g., Dravis, 1979, 1996), and by
cemented intervals (presence of nodules) on the slopes (Chabaud et al., 2015; Eberli et al., 2002; Lantzsch
et al., 2007). Sea-level falls have often been considered as a significant factor contributing to margin collapse
(Busson et al., 2021; Jo et al., 2015; Mullins & Hine, 1989) and the formation of megabreccias within both ancient
and modern carbonate margins (Le Goff et al., 2020; Principaud et al., 2015), and pore-water overpressure was
recognized as the dominant factor of destabilizations associated to these deposits (Spence & Tucker, 1997). In the
Bahamas, within the Exuma Sound, debris flows were recognized (Crevello & Schlager, 1980) during glacial/
interglacial transitions (Reijmer et al., 2015) and the overpressure scenario and associated sediment redeposition
for the Western GBB slope were modeled by Busson et al. (2021) and discussed by Mullins and Hine (1989), Jo
et al. (2015), Principaud et al. (2015) and Le Goff et al. (2020). The Exuma Sound debris flows present within the
cores (Le Goff et al., 2021; Mulder et al., 2019) explain the higher quantities of coarse-grained sediment collected
within the San Salvador abyssal plain within the lobe located at the mouth of Exuma Canyon. Despite the fact that
most of the cores comprise periplatform ooze and the grain-size analysis in general does not exceed the sand size,
it is important to note that platform margins and slopes can be affected by large-scale collapse and grain flows
during the past.

6. Conclusions

The study of modern slope morphology, together with the analysis of backscatter and associated subsurface
echofacies variations at the scale of the multiple Bahamian slopes, highlights that along the slopes of Bahamian
platform systems, factors influencing slope sedimentation are similar. However, the relative impact of each factor,
for example, (a) upstream facies mostly conditioned by physical fluxes and the location of the islands on the
margin, and (b) current intensity leads to different models and a large diversity in slope morphology and asso-
ciated deposits. The slopes discussed in this study can be dominated by platform-derived supply of coarse-grained
grains or by fine-grained supply depending on the upstream dominating facies. Muds are easily mobilizable and
subsequently these mud-dominated slope morphologies are highly influenced by currents. Impacting the grain-
size distribution and forming contour deposits. Our results suggest that slope angles, bioclastic platform-
derived export and deep (hemi)pelagic supply are the main modern factors influencing slope supplies.

Therefore, to confirm the importance of above-highlighted factors, for the entire Bahamas, it will be important to
fill the central part of the map, as this part is still lacking in-depth data. Hence, a detailed morphology study of the
TOTO slopes deploying the tools used for other slopes (direct grain-size measurements on long cores, bathymetry
and reflection data, etc.) could confirm both (a) the hypothesis of a platform-wide tilting that we proposed based
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on the flattening depth observed along the slopes and (b) detail the factors and processes at the origin of sediment
transfer from carbonate shelves to slope observed on a Quaternary timescale within the most likely sand-rich
TOTO area, which is a minor facies on the slopes discussed in this study.
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