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ABSTRACT

The large acoustic data set acquired during the Carambar cruises is com-

posed of high resolution bathymetry, backscatter data and very-high resolu-

tion seismic lines which allow for an overview of the morphology and

sediment transfer processes from the shallow upper slope to the abyssal

plain of a modern carbonate system: the north-eastern slope of the Little

Bahama Bank. Surficial distribution of the acoustic facies and echofacies

reflects a wide variety of sedimentary processes along and across the slope.

The western sector of the Little Bahama Bank is dominated by depositional

processes whereas its eastern sector, which is incised in the lower slope by

giant canyons, is affected by erosion and bypass processes. Datasets suggest

that currents play an important role both in along-slope sedimentary pro-

cesses and in the abyssal plain. The Antilles Current appears to affect a large

part of the middle and lower slopes. The absence of sizeable present-day

channel/lev�ee complexes or lobes at the mouth of the canyon – revealed by

the bathymetric map – indicates that the southward flowing Deep Western

Boundary Current influences modern abyssal sediment deposition. Based on

depositional processes and indicators of canyon maturity observed in facies

distribution, the current study proposes that differential subsidence affects

the eastern versus western part of the bank. The morphology of the Great

Abaco Canyon and Little Abaco Canyon, which extend parallel to the plat-

form, and the Little Bahama Bank slope appears to be related to the Great

Abaco Fracture Zone.

Keywords Backscatter, Bahamas, carbonate slope, echofacies, giant canyon,
sea floor morphology, sedimentary processes.
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INTRODUCTION

Submarine canyons are structures incising the
continental margins or shelves with a width and
height of up to several kilometres (Shepard &
Dill, 1966). Acting as catalysts of sediment
export from shelves towards the deeper basin
via their steep flanks, submarine canyons are
critical elements of basin sedimentary deposits.
Studies on submarine canyons have focused on
siliciclastic systems (Babonneau et al., 2002;
Paull et al., 2013; Tubau et al., 2015), which are
more attractive in terms of reservoir potential for
hydrocarbons. Recent industrial discoveries in
carbonate slopes (Bertello et al., 2010; Busson
et al., 2019) have boosted their attractiveness
and hence have piqued the scientific interest of
such systems. However, sedimentary processes
affecting purely carbonate canyons, rivalling sili-
ciclastic canyons in terms of size, and their
impact on carbonate sediment transfers and
sources remain poorly understood. The Little
Abaco Canyon and especially the Great Abaco
Canyon have only been briefly described in the
past decades (Shepard & Dill, 1966; Benson
et al., 1978; Mullins & Neumann, 1979; Mulder
et al., 2018).
As the Bahamian carbonate platform is one of

the best-known modern carbonate systems, the
Carambar cruises have targeted its slopes and
associated incising canyons. Previous Carambar
(2010) and Carambar 1.5 (2014) oceanographic
cruises imaged a large part of the Little Bahama
Bank (LBB) north-west slope using multibeam
echo-sounder data and very-high resolution seis-
mic profiles (Fig. 1; Mulder et al., 2012a, 2014,
2017). These studies have focused on: (i) the
LBB periplatform drift, (Chabaud, 2016); (ii) the
architecture of the slope canyons and mass
transport complexes affecting the eastern LBB
(Mulder et al., 2012a; Tournadour, 2015; Tour-
nadour et al., 2017); (iii) the genesis and growth
of the carbonate wedge along the LBB
(Fauquembergue et al., 2018); and (iv) sediment
transfers across the LBB slope (Tournadour,
2015; Fauquembergue, 2018). In order to provide
a holistic view of the carbonate system, the con-
sideration of the region as a whole has yet to
integrate the complete study of the two main
canyons present in the zone: the Great Abaco
Canyon and the Little Abaco Canyon.
New high-resolution multibeam bathymetry,

backscatter and very-high resolution seismic
data acquired during the Carambar 2 (2016 to
2017) cruise enabled visualization of the eastern

half of the slope of the modern LBB from shal-
low to deep environments (Fig. 1). The bathyme-
try of the eastern sector has highlighted the
presence of two giant canyons previously
described by Mulder et al. (2018): the Great
Abaco Canyon (GAC) and the Little Abaco Can-
yon (LAC). The present study is based on a com-
bination of acoustic data that provide a large-
scale view of sedimentary distribution, some-
thing that is difficult to recognize if only using
sedimentary data.
This approach allows the potential links

between: (i) the sedimentary surface and subsur-
face processes; and (ii) slope structure to be
highlighted. This paper explains that the con-
nectivity of these elements is based on carbonate
transfer from the slope to the ultra-deep domain
through potentially structurally controlled can-
yons. The work here also provides knowledge
regarding giant purely carbonate canyons which
are disconnected from the platform, along with
comprehensive elements on how they work both
in terms of source and transfer of carbonate
material to the basin.

REGIONAL SETTINGS

Physiography and oceanography

The Bahamian platforms form an almost pure
marine carbonate sedimentary system isolated
from the siliciclastic terrigenous continental
input by deep channels and escarpments. Plat-
forms, slopes and the abyssal plain developed
over a wide marine area (over 32 000 km2)
which is supplied by a tropical carbonate factory
(Schlager, 2005). The archipelago is located on
the western margin of the Atlantic Ocean.
Covering more than 300 000 km2, this archipe-
lago is composed of more than 700 islands, and
is bordered by the Blake Bahama Escarpment to
the east (BBE; Buchan, 2000), the contouritic
Blake Plateau (BP) to the north, the Old Bahama
Channel to the south and the Florida Strait to
the west (Fig. 1). Several islands are developed
in the north and centre of the Bahamas on two
large carbonate platforms, the Little Bahama
Bank (LBB) and the Great Bahama Bank (GBB)
which are separated by the North-west Provi-
dence Channel (Fig. 1).
The Little Bahama Bank is the second largest

isolated platform in the Bahamas and is
located in the northernmost part of the archi-
pelago (Fig. 1). The north-western side of the
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slope is characterized by the ‘Little Bahama
Bank drift’, a modern periplatform drift,
mainly supplied by off-bank sediment transport
from the nearby carbonate platform (Chabaud
et al., 2016). The development of such carbon-
ate drift in this particular location results from
the combined action of currents and sediment
supply (Mullins et al., 1980; Betzler et al.,
2014; Tournadour et al., 2015; Chabaud et al.,
2016). The north-eastern slope of the Little
Bahama Bank is incised by two 163 km and
56 km long carbonate canyons, the Great
Abaco Canyon (GAC) and the Little Abaco
Canyon (LAC; Mulder et al., 2018), respec-
tively, with their mouths opening to the Blake
Basin and extending to the toe of the Blake
Bahama Escarpment at 5000 m water depth
(Fig. 2).
The physiography, sediment transport and

deposition processes of the Bahamian carbon-
ate platforms also depend on ocean circulation
and currents. In particular, two main currents
affect the Little Bahama Bank (Fig. 1): the
Antilles Current and the Florida Current. The
Antilles Current flows northward along the
eastern side of the LBB and is composed of
water coming from the south (Fig. 1). To the
west of the LBB, the Florida Current also flows
northward and is formed by waters from both

the Caribbean Sea and the Gulf of Mexico.
North of the Little Bahama Bank, at the exit of
the Florida Strait, these two currents merge to
form the Gulf Stream (Fig. 1; Neumann & Pier-
son, 1966; Richardson, 1977). The Deep Wes-
tern Boundary Current (DWBC; Fig. 1) is a
deep current (1000 to 5000 m deep) flowing
southward along the BBE at about 70 cm s�1

(Hollister & Heezen, 1972). It corresponds to
the deepest part of the North Atlantic Deep
Water (NADW; Meinen et al., 2004). Fauquem-
bergue (2018) suggested that another current,
the Antarctic Bottom Water (AABW; Fig. 1)
might have impacted the deeper part
(>4800 m) of the study area in the past, espe-
cially during glacial periods.

Climate

The climate in the Bahamas archipelago is tropi-
cal and bi-seasonal. Precipitation is abundant
during summer, while winters are dry, and the
annual temperature averages ca 25°C. The mean
annual rainfall is 857 mm and increases north-
ward (Buchan, 2000). Hurricanes hit the archi-
pelago from August to October three times every
four years on average (Buchan, 2000), and on
average over the year, cold fronts affect it 23
times (Hardy & Henderson, 2003).

Fig. 1. Geographical context of the
study including Carambar 1 Leg 2,
Carambar 1.5 and Carambar 2 Leg 1
survey location. GAC = Great Abaco
Canyon; LAC = Little Abaco
Canyon; GAFZ = Great Abaco
Fracture Zone (thin grey line);
DWBC = Deep Western Boundary
Current; AABW = Antarctic Bottom
Water.
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Fig. 2. (A) Overview of Little Bahama Bank (LBB) slope morphology evidenced by bathymetric data. Black
squares show the locations of subsequent figures and tables. Location of the different slope domain limits is also
shown. (B) Three-dimensional east–west view of the study area. White lines: location of different slope domain
limits. Black and blue dashed lines = location of profiles in (C). Vertical exaggeration x3. (C) Little Bahama Bank
slope profiles with respective slope domains. GAC = Great Abaco Canyon; LAC = Little Abaco Canyon;
MWD = mass wasting deposits; sw = sediment waves; s = slides; MTC = mass transport complex.
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Geological context

The present day physiography of the Bahamas
resulted from successive tectonic phases initiated
by Pangaea dislocation during the Jurassic (Dun-
can & Hargraves, 1984; Engebretson et al., 1985;
Ross & Scotese, 1988; Pindell, 1994; Meschede &
Frisch, 1998; Coates et al., 2004; James, 2009).
The Bahamas giant carbonate platform initiation
began during Late Jurassic rifting with accumula-
tion of shallow marine deposits and evaporites
until the Early Cretaceous (Austin et al., 1986;
Sheridan et al., 1988). This giant platform
extended from the Blake Plateau to the Blake
Bahama Escarpment where a reef system devel-
oped (Sheridan et al., 1988) and allowed the
development of the Little Bahama Bank (Sheridan
& Osburn, 1975; Austin et al., 1986; Sheridan
et al., 1988). The Atlantic crust was affected by
fracture zones due to rifting activity associated
with the Pangaea Dislocation. In particular, regio-
nal magnetic data reveals the presence of the
Bahama Fracture zone or Great Abaco Fracture
zone which affects the northern sector of the
Bahamas (Fig. 1; Sheridan & Osburn, 1975; Ben-
son et al., 1978; Mullins et al., 1982).

Sediment exports

Part of the offshore material exported from the
platform is transported through dense hyperpyc-
nal water sinking in the ocean (Wilson &
Roberts, 1995). This process, called density cas-
cading, is very efficient and some high-density
cascading events are able to transport coarse-
grained sediment to the slope (Wilson & Roberts,
1995). Density cascading is strongly controlled
by seasonal changes. In summer, heat and mois-
ture are parameters controlling processes such
as evaporation, which can cause a slight
increase in salinity and therefore can trigger
density-driven flows (Wilson & Roberts, 1992,
1995). In winter, cold fronts generate density
disequilibrium between the shallow platform
and ocean surface waters. Surface waters are
cooled by the cold front, enhancing evaporation
and increasing salinity, and ultimately leading
to the sinking of dense post-cold front platform
waters (Wilson & Roberts, 1992, 1995). During
cold front events, the fine-grained, bank-derived
material is exported by density cascading and
deposited on the uppermost slope, forming the
Holocene wedge (Fauquembergue et al., 2018).
During periods of major flooding of the Little

Bahama Bank, corresponding to sea-level

highstands in the Late Pleistocene, off-bank
transport was the main transport process from
the carbonate bank to the slope (Hine & Neu-
mann, 1977; Hine et al., 1981; Chabaud et al.,
2016). The ‘spin circle’, a circular flow pattern
induced by ebb and flood currents around
shoals, promotes the accumulation of ooids in
tidal deltas (Reeder & Rankey, 2009; Mulder
et al., 2017). Only fine-grained mud can be par-
tially exported through the ebb-flood sediment
transport (tidal flushing) that occurs predomi-
nantly after storms (Mulder et al., 2017). This
sediment flushing supports off-bank transport:
the fine bank-derived fraction, when mixing
with pelagic production, leads to the formation
of the periplatform ooze on the uppermost slope
(Chabaud et al., 2016). Pelagic sedimentation is
the predominant process at play in the study
area, while the deposition of off-bank material is
concentrated in the Little Bahama Bank drift
(Fauquembergue, 2018).

DATA AND METHODS

The Carambar project aims at understanding
the sediment transfer between the platform and
the deep basin in a terrigenous-free carbonate
environment. Leg 2 of the Carambar cruise
(Fig. 1; November 2010 on the R/V Le Surôıt)
was dedicated to the study of the north-west
slope of the Little Bahama Bank (Fig. 1; Tour-
nadour et al., 2015; Chabaud et al., 2016;
Tournadour et al., 2017). Carambar 1.5 cruise
(November 2014 on the R/V F.G. Walton
Smith) focused on the uppermost slope of the
LBB (Fig. 1; Mulder et al., 2012a). The north-
eastern sector of the Little Bahama Bank slope
and the abyssal plain, including the Great
Abaco Canyon and Little Abaco Canyon, were
studied during Leg 1 of the Carambar 2 cruise
(December 2016 on the R/V L’Atalante; Fig. 1;
Mulder et al., 2018). Bathymetric and backscat-
ter data from a Kongsberg EM302 (Carambar)
(Kongsberg Group, Kongsberg, Norway), a Tele-
dyne Reson Seabat 7125 (Carambar 1.5) (Tele-
dyne Technologies Inc., Thousand Oaks, CA,
USA) and a Kongsberg EM122/EM710 (Caram-
bar 2), as well as Very High Resolution (VHR)
(Chirp) and high resolution seismic data from
four air guns and a 192-channel streamer were
acquired simultaneously during each cruise
covering more than 24 650 km2 (Fig. 1). The
multibeam echo-sounders are characterized by
a transmission frequency operating between
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Table 1. Sedimentary facies interpretations using both acoustic facies, echofacies and bathymetry. Location of
the acoustic facies on Fig. 7. The Very High Resolution (VHR) facies are located at the same place as the reflectiv-
ity data.
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Table 1. (continued)
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50 m and 12 000 m depth. This allows the
simultaneous acquisition of: (i) bathymetric
data based on the calculation of the round-trip
time of the emitted acoustic waves; and (ii)
acoustic reflectivity, a function of the intensity
of the backscattered signal dependent on the
lithology of superficial sediments (i.e. nature and
induration/lithification). The bathymetric data
were cleaned of aberrant probes with the CAR-
AIBES software (©Ifremer) and the reflectivity
data were compensated for signal directivity with
the SonarScope software (©Ifremer, Augustin &
Lurton, 2005). These data were then gridded to
obtain bathymetric and acoustic reflectivity maps
with a spatial resolution of 25 m (Carambar 1 and
Carambar 1.5) to 50 m (Carambar 2).
Gravity cores with a length ranging between 1 to

11 m were also recovered with a Kullenberg coring
system. During the three cruises, the ‘Chirp’ sub-
bottom profiler provided more than 5496 km of
VHR seismic profiles penetrating up to 60 to
80 ms two-way travel time. The definition of seis-
mic facies was based on these datasets, using
backscatter, geometry, amplitude and continuity
of the seismic reflections to establish a facies clas-
sification. To facilitate the exploitation of this large
dataset, morphological and sedimentological
structures were defined according to a backscatter
classification based on acoustic facies and a VHR
seismic classification based on echofacies.
Changes in backscatter values correspond to

variations in nature, texture and state of the
sediments and/or the sea-bed morphology (Han-
quiez et al., 2007, 2010; Principaud et al., 2018)

while the VHR seismic profiles reveal(s) subsur-
face geometry characteristics and small-scale
morphology (for example, seafloor rugosity). For
the acoustic facies, the categories are based on
the amplitude of the reflectivity and on the pat-
terns observed. For the echofacies, the categories
are based on the amplitude and geometry of the
reflectors. These classifications provide informa-
tion regarding seafloor and subsurface sedimen-
tological parameters. Studies in siliciclastic
(Damuth & Hayes, 1977; Damuth, 1980; Han-
quiez et al., 2007, 2010) and carbonate environ-
ments (Mullins & Neumann, 1979; Mullins
et al., 1984; Tournadour, 2015; Principaud et al.,
2018) linking echofacies and lithology provide a
basis for interpreting these echofacies in terms
of depositional environments and allows for cal-
ibration of interpretations. The association of
acoustic facies, echofacies and morpho-
bathymetry were integrated in a general classifi-
cation of sedimentary facies (Table 1). Various
spatial analyses and maps were produced using
ArcGIS for Desktop software (©Esri).

RESULTS

Little Bahama Bank slope, Great Abaco
Canyon and Little Abaco Canyon morphology

The north slope of the Little Bahama Bank can be
subdivided into four parts according in to slope
morphology (Fig. 2A to C). These subdivisions
are based on previous work (Rankey & Doolittle,

A B

Fig. 3. (A) Close-up of the bathymetry of the slope canyons with an up dip linear part (see location on Fig. 2).
Canyon flanks represented in black lines. (B) High resolution bathymetry of the mounds and pockmarks with asso-
ciated profiles.
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2012; Tournadour, 2015) and redefined consider-
ing the new bathymetric data provided by the
Carambar 2 cruise which evidence a steeper slope
than the previous domains. These redefined
subdivisions were introduced to assure the homo-
geneity and logical continuity of domains from
the eastern and western sectors of the study area
(Fig. 2C). The adapted domains reflect the mor-
phology of both the western and eastern sides of
the Little Bahama Bank slope.

1 The uppermost slope extends from the
platform edge to 240 to 300 m water depth. It is
relatively smooth, constitutes the steepest (>15°)
slope of the LBB and includes a sediment wedge
(Fig. 2A to C; Mulder et al., 2012b; Fauquember-
gue et al., 2018). This wedge can reach up to
35 m in thickness, is mainly Holocene in age
and is separated from the platform by four 10 to
20 m deep and 50 km wide terraces (Mulder
et al., 2012b; Fauquembergue et al., 2018).

A B

C D

Fig. 4. Distinctive morphological features of the Little Bahama Bank (LBB) lower slope (see location on Fig. 2).
(A) Close up of cross-cutting furrows F1 and F2 affecting the lower slope. (B) Close-up of the sediment waves
(SW; dotted black line; graphic representing depth profile) over the lobe (dotted red line) at an eastern slope can-
yon mouth. (C) Close-up of the slides (S) affecting the Great Abaco Canyon flanks. (D) Close-up of the Little Abaco
Canyon mouth showing the location of the sediment lobe (LAC Lobe).
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2 The upper slope extends from 240 to
300 m to 650 m water depth. It has a gradient of
1 to 2° and is incised by slope canyons (Fig. 2A
to C). Only the linear part of these canyons is
included in this slope sector. A mass transport
complex (MTC) was described by Tournadour et
al. (2015) in its westernmost part (Fig. 2).

3 The middle slope extends from 650 to
1000 m water depth and its gradient increases
from 1° in the west to 3 to 4° in the east (Fig. 2A to
C). This slope is incised by the slope canyon
(Fig. 3A). Bathymetric highs followed by depres-
sions represent slide scars. They affect the part of
the slope situated between the canyons all along
the slope. Other structures such as carbonate
mounds and pockmarks are situated in the west-
ern part of the middle slope (Fig. 3B).

4 The lower slope extends from 1000 to
1500 m water depth with a gradient increasing

towards the abyssal plain from 0.6 to 4.0°
(Fig. 2A to C). In this part of the slope, several
structures can be observed: 1 to 20 m deep
straight, parallel furrows affect the seafloor
mostly in the west (Fig. 4A). Other erosional 1
to 10 m deep furrows oriented N300 to N270
cross-cut the former furrows and extend east-
ward (Fig. 4A). Both types of furrows extend
over several kilometres and are spaced hun-
dreds of metres apart. Undulated structures
with a 5 m amplitude can be observed on the
seafloor upstream of the Little Abaco Canyon
(Fig. 4B). In the northern part of the study area,
the Blake Plateau dips towards the east with a
gradient of 0.5° between ca 1200 to 1600 m
water depths. Mass movements, which are evi-
denced by slide scars (‘S’; Fig. 4C), gullies and
a valley leading to the Great Abaco Canyon also
dissect this plateau.

A

B

C D

Fig. 5. (A) Close-up of the Great
Abaco Canyon and the Little Abaco
Canyon and depth profile locations
(see location on Fig. 2). (B) North–
south profiles of the Great Abaco
Canyon and the Little Abaco
Canyon displaying U-shaped
canyons. (C) Little Abaco Canyon
longitudinal depth profile. (D) Great
Abaco Canyon longitudinal depth
profile. PP = plunge pool;
kn = knickpoint.
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The Great Abaco Canyon and Little Abaco Can-
yon are U-shaped (with a length of 163 km and
56 km, respectively; Fig. 5A). These two canyons
are punctuated by knickpoints and outsized
chutes (Fig. 5C and D). These chutes are over
500 m high and are followed by 279 m, 113 m
(LAC), 150 m, 140 m and 113 m (GAC) depres-
sions called plunge pools (Figs 5A, 5B, 6A and
6B; Mulder et al., 2018). The GAC and LAC are
parallel to the LBB edge and are aligned with the
Great Abaco Fracture Zone (GAFZ), whereas the
upper and middle slope of the LBB are affected
by canyon incisions which are perpendicular to

the margin. South of the Great Abaco Canyon, a
relict plateau situated at 1000 m water depth dis-
plays evidence of mass movement (‘S’; Fig. 4C)
and is incised by two valleys. Twenty kilometres
away from the Great Abaco Canyon and 7 km
south of the Little Abaco Canyon, two 5 km long
canyons incise the Blake Plateau and the slope
through the Blake Bahama Escarpment, respec-
tively (Fig. 2A).
The south-east limit of the plateau consists of

the SSW–NNE oriented Blake Bahama Escarpment
(Fig. 2). This feature is a 2000 m high and 60°
steep escarpment. It separates the Blake Plateau

A

B

Fig. 6. High resolution bathymetry
of the distal part of the canyons
showing the plunge pools (white
dashed lines) of the Great Abaco
Canyon (A) and Little Abaco
Canyon (B).
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from the Atlantic Abyssal Plain lying at 4900 m
water depth. The bathymetry shows 50 km long
chaotic deposits extending over 20 km away from
the escarpment [mass wasting deposits (MWD);
Fig. 2A]. A more than 200 m thick sediment bulge
extends at the mouth of the Great Abaco Canyon
in the abyssal plain.

Acoustic facies
The identification of acoustic facies is based on
the intensity of the backscatter and the patterns of
reflections observed inside (Fig. 7). In this work,
the darkest colours correspond to high-reflectivity
(implying either coarse sediments, indurated sed-
iments or both) and lighter colours correspond to
low reflectivity (finer and softer sediments). In
the study area, backscatter tones can be subdi-
vided into eight categories (Table 2; Fig. 8).

1 The very high-reflectivity homogeneous
acoustic facies is observed only in few parts of

the study area. This acoustic facies is found: (i) at
the toe of the Blake Bahama Escarpment; (ii) in
the 5 km long canyon in the northern sector of
the Great Abaco Canyon; (iii) in the steepest part
of the Great Abaco Canyon; and (iv) in the flanks
of the Little Abaco Canyon (Fig. 8). In the west-
ern sector of the study area, this facies makes up:
(i) the uppermost slope; (ii) the area upstream
from the small canyons; as well as (iii) the edge
of the scars between canyons.

2 The very high-reflectivity heterogeneous
acoustic facies (Table 2) is characterized by alter-
nation of very high-reflectivity and patches of
high reflectivity. It is associated with the main
part of the flank of the Blake Bahama Escarpment
and both sides of the Great Abaco Canyon
(Fig. 8).

3 The high-reflectivity homogeneous acoustic
facies covers a large part of the upper slope and
proximal part of the abyssal plain (Fig. 8). It was
evidenced between the canyons that incise the

Fig. 7. Backscatter map of the northern Little Bahama Bank (LBB) slope. White boxes represent the location of the
acoustic facies and echofacies summarized in Table 1.
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western part of the upper slope, and in the MTC
structure on the eastern sector as well as on the
Blake Plateau. This facies also corresponds to a
part of the flank of the Blake Bahama

Escarpment and the deposits contiguous to the
Blake Bahama Escarpment between the Little
Abaco Canyon and the Great Abaco Canyon and
north of the Great Abaco Canyon, in the deep

Legend Backscatter Facies Description

Very high homogenous
Very high homogenous 

reflectivity

Very high heterogeneous
Very high reflectivity with 

patches of high reflectivity

High homogeneous High homogeneous reflectivity

High heterogeneous
High reflectivity with medium 

reflectivity lineations

Medium homogeneous
Medium homogeneous 

reflectivity

Medium patchy heterogeneous
Medium reflectivity with 

patches of high reflectivity

Medium undulated 

heterogeneous

Medium reflectivity with high

reflectivity undulated structures

Medium punctuated 

heterogeneous

Medium reflectivity

with small circular patches of 

high reflectivity

Table 2. Classification and description of acoustic facies.
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basin. It also covers the 5 km long canyon south
of Little Abaco Canyon.

4 The high-reflectivity heterogeneous acous-
tic facies corresponds to high-reflectivity with
medium reflectivity lineations of two types: (i)
lineations extending from the canyons in the
western part of the slope and the valley feeding
the giant canyons; and (ii) N300 to N270 ori-
ented lineations in the eastern Little Bahama
Bank lower slope (Tournadour, 2015). This area
also covers a part of the relict plateau between
the Great Abaco Canyon and the Little Abaco
Canyon (Fig. 8).

5 The medium homogeneous reflectivity acous-
tic facies is the most frequent acoustic facies
encountered in the study area. It covers the abyssal
plain, the canyons incising the upper slope, the
smooth parts of the middle slope and the western
part of the study area, including the smooth parts of
the Blake Plateau at the lower slope.

6 The medium patchy heterogeneous reflec-
tivity acoustic facies corresponds to medium
reflectivity with patches of high reflectivity. It is
present at the transitions between high acoustic

facies and medium acoustic facies in the lower
slope (Fig. 8).

7 The medium undulated heterogeneous
reflectivity acoustic facies is characterized by med-
ium reflectivity with high-reflectivity undulated
structures. It is mostly present in the western part of
the slope and corresponds to the transition between
the furrows of different slope canyons (Fig. 8).

8 The medium punctuated heterogeneous
reflectivity acoustic facies is characterized by
medium reflectivity with small circular patches
of high reflectivity with a diameter of 100 to
200 m. It covers a large part of the relict plateau
between the Great Abaco Canyon and the Little
Abaco Canyon, areas at the end of the furrows
in the western part of the study area and some
parts of the Blake Plateau (Fig. 8).

Echofacies mapping
The VHR seismic mapping was realized using
an echofacies classification based on the ampli-
tude and the geometry of the seismic signal
(Table 3). Five echofacies can be defined in the
study area (Table 3; Fig. 9).

Fig. 8. Acoustic facies distribution on the northern Little Bahama Bank (LBB) slope.
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1 The bedded echofacies covers the majority
of the western part of the upper slope (unaf-
fected by canyons), the uppermost slope wedge,
the sediment over the MTC, the part without
slides of the Blake Plateau and the northern part
of the deep basin, at the mouth of the Great
Abaco Canyon (Fig. 9). It is found predomi-
nantly in areas with a gentle slope (≤1).

2 The hyperbolic echofacies occurs where the
slope is steeper, when the slope abruptly
changes, in the canyons incising the upper slope,
in the Great Abaco Canyon and Little Abaco Can-
yon, in the 5 km long canyons C1 and C2 (Figs 2

and 9), and on the Blake Bahama Escarpment and
its associated deposits (Fig. 9).

3 The blind echofacies is the least developed
of the facies. It corresponds to the shallower part
of the uppermost slope of the study area and
appears sparsely in the Blake Bahama Escarp-
ment and on plane surfaces of the Blake Plateau.
It also covers the smooth areas separating the
furrows on the western lower slope.

4 The combined I (hyperbolic + blind) echofa-
cies corresponds to slightly diffuse bedded reflec-
tions with hyperboles. This facies covers two major
parts of the study area: (i) the southern part of the

Table 3. Classification and description of echofacies.

Legend Very High Resolution seismic (VHR) Echofacies Description

Bedded
Continuous parallel low to high 

amplitude reflectors

Hyperbolic
Chaotic hyperbolic-shaped high 

amplitude reflectors

Blind

Surficial reflector of very high 

amplitude with diffuse

facies (underlying reflectors 

cannot be identified)

Combined I

(Hyperbolic + blind)

High amplitude hyperbolic-

shaped reflectors which

are less defined and more 

diffuse with depth

Combined II

(Hyperbolic + bedded)

Parallel continuous low to high 

amplitude reflectors

extending from hyperbolic-

shaped reflectors
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basin at the mouth of the Little Abaco Canyon; and
(ii) the western part of the study area in the lower
slope corresponding to the mouths of the slope can-
yons (Fig. 9). This last part overlaps the furrows
and the N300 lineations affecting the seafloor. Com-
bined I echofacies covers an important part of the
head of the Great Abaco Canyon. It also appears
more locally upstream of failure scars that cover
part of the Blake Plateau.

5 The combined II (hyperbolic + bedded)
echofacies corresponds to bedded reflections over-
lying the hyperboles. It appears mainly in the tribu-
taries feeding the Great Abaco Canyon and the
Little Abaco Canyon as well as on the flanks of the
Great Abaco Canyon (Fig. 9). This echofacies is
also present in the canyons of the east upper slope,
in patches on the Blake Plateau, in the mass wast-
ing deposits and in the eastern part of the basin.

The combined study of bathymetry, acoustic
facies and echofacies compared with previous
studies (Hanquiez et al., 2007, 2010; Tournadour,
2015; Principaud et al., 2018) allowed for the defi-
nition of different domains, which are each asso-
ciated with different processes (Table 1; Figs 10,
11 and 12A).

INTERPRETATIONS AND DISCUSSION

Sedimentary processes along the northern
Little Bahama Bank slope

Depositional processes
Hemipelagic and contouritic deposits. In the
western part of the study area, the slope is char-
acterized by overall homogeneous, medium
reflectivity acoustic facies and bedded echofacies.
This facies corresponds to deposits linked to the
export of carbonate mud from the platform (facies
1, Figs 11 and 12B; Tournadour et al., 2015), as
well as contourite deposits which characterize
the Little Bahama Bank drift (Chabaud, 2016).
Both hemipelagic and contouritic deposits are
susceptible to producing this facies as they pro-
mote the deposition of fine-grained sediment
(medium homogeneous reflectivity) with low
impedance contrast (bedded echofacies). Further-
more, the size scale of the LBB drift is such that
its geometries are not visible at the resolution of
this study. The presence of such acoustic facies
over the MTC suggests that it is covered by a
hemipelagic blanket. This mainly medium

Fig. 9. Echofacies distribution on the northern Little Bahama Bank (LBB) slope.
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homogeneous reflectivity zone with a smaller
medium heterogeneous patchy reflectivity facies
zone are associated with hyperbolic echofacies.
The hyperboles are likely related to the steep
edges of the dome shaped geometry and thus
highlight the presence of deep-water carbonate
mounds (facies 2, Fig. 11; Tournadour et al.,
2015).
This facies association also appears in other

regions of the study area like the Blake Plateau
or the plateau situated between the Little Abaco
Canyon and the Great Abaco Canyon (Fig. 11). It
corresponds to flat areas suggesting hemipelagic
sedimentation (facies 1, Fig. 11).

Periplatform ooze. The uppermost slope is char-
acterized by blind echofacies, followed down-
slope by bedded echofacies associated with
medium reflectivity which correspond to a Holo-
cene sediment wedge and the terraces overhang-
ing it (Figs 8 and 9; Rankey & Doolittle, 2012).
The homogeneous and medium homogeneous
nature of the reflectivity in this area suggests the
presence of soft, fine-grained, bank-derived
sediment mixed with pelagic production. The
presence of these acoustic facies and the bedded
echofacies is consistent with periplatform ooze
deposits in the uppermost slope (facies 3,
Fig. 11). Echofacies located on the uppermost
and upper slope correspond to bank-derived sedi-
ments, while bedded echofacies located on the
northern Blake Plateau correspond to contouritic
and pelagic blankets (Fauquembergue, 2018).

Turbiditic deposits. A ca 3 km large circular-
shaped structure, represented by combined blind
and hyperbolic echofacies and homogeneous
medium-reflectivity acoustic facies, can be
observed in the eastern part of the lower slope, in
the downslope extension of the canyons (Fig. 4B).
The analysis of a sediment core located in this
feature revealed coarse-grained sediments with a
relatively high sedimentation rate (12 cm kyr�1;
Fauquembergue, 2018). It is suggested in this
study that this structure corresponds to a lobe
deposited at the mouth of a 10 km long canyon
(Fig. 4B). In addition, 5 m amplitude structures
extending over 4 km across this lobe can be inter-
preted as sediment waves (Fig. 4B). Here, sedi-
ment waves refer to a generic term to describe

undulated features, since the resolution does not
provide any further information regarding their
nature (dunes, cyclic steps, etc). This lobe fills a
small depression and its volume can be estimated
to 240 9 106 m3 (Fauquembergue, 2018). It
implies recent activity of sediment transport
through the slope canyon to the head of the Little
Abaco Canyon and highlights the modern activity
of the eastern slope canyons. It also suggests tur-
bidity flows and export activity upstream of the
Little Abaco Canyon (facies 4, Fig. 11).

Base of slope deposits. On the lower slope of
the western part of the study area (Fig. 11),
downstream of the canyons and furrows, medium
reflectivity punctuated facies is associated with
bedded and blind echofacies and displays a fan-
shaped structure. The association of both med-
ium reflectivity and bedded echofacies implies
that sediment dynamics are dominated by depo-
sitional processes. The presence of high ampli-
tude reflectors which overlie diffuse reflectors
associated with higher reflectivity suggests the
presence of more indurated or coarser-grained
sediments than the hemipelagic blanket observed
in the west. Therefore, this association also sug-
gests low deposition rates and/or slight indura-
tion of those grainy deposits (facies 5, Fig. 11).

Mass wasting deposits. On the Blake Bahama
escarpment and 20 km eastward in the basin,
hyperbolic echofacies and homogeneous, very
high to high reflectivity acoustic facies co-occur
with 50 km long chaotic deposits extending over
the escarpment. These chaotic deposits were
interpreted as mass wasting deposits originating
from stacking events of the mass movement of
hundreds of metres thick sediments from the
Blake Bahama Escarpment (Mulder et al., 2018).
The high reflectivity and hyperbolic echofacies
suggest that the chaotic deposits are indurated
and coarse-grained, probably blocky, and of con-
siderably large size (facies 6, Figs 11 and 12B).
These deposits could correspond to calcitur-
bidites or calcidebrites as observed in Exuma
Sound (Reijmer et al., 2012). The hyperbolic
echofacies suggests that these deposits
accumulated with steep edges or contain blocks
of consequent size. These chaotic deposits are
separated on both sides of the Great Abaco

Fig. 10. Synthetic map of the northern Little Bahama Bank (LBB) slope sedimentary processes (C) obtained by the
integration of acoustic facies (A) and echofacies (B) distributions. For legend, see Fig. 11.
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Canyon by a large band of bedded echofacies
associated with homogeneous, medium-reflectiv-
ity (Figs 8 and 9).
At the mouth of the Little Abaco Canyon, the

hyperbolic facies is associated with homoge-
neous and heterogeneous high-reflectivity acous-
tic facies extending 8 km away from the canyon.
This facies association suggests that hard and/or
coarse-grained sediments form the lobe at the
mouth of the Little Abaco Canyon (Fig. 4D).
Mass wasting events originating from the

Blake Bahama Escarpment likely accounted for
a significant portion of the sediment supply
towards the basin. Conversely, the Great Abaco
Canyon likely contributed to a minor extent as a
sediment source, since no erosion or deposi-
tional (lobe) structures were evidenced by a
bathymetric survey at its mouth. At the mouth
of the Little Abaco Canyon, four 50 to 100 m
high knickpoints can be observed within the
mass wasting deposits. This suggests recent or
important canyon activity resulting in the for-
mation of supercritical flows which lead to the
development of hydraulic jumps (Komar, 1971).
In turn, these hydraulic jumps produce knick-
points and, ultimately, contribute to maintain-
ing the fresh appearance of the knickpoints
(Guiastrennec-Faugas et al., 2020).

Abyssal plain deposits. Homogeneous medium
reflectivity acoustic facies cover the Blake
Bahama abyssal plain and are associated with
bedded echofacies in the north or combined I
reflectivity in the south. This implies that they
are made up of fine-grained or slightly indurated
sediments (facies 7, Fig. 11). Regardless of sedi-
ment nature, VHR seismic data shows thin-bed-
ded reflections over a high amplitude reflection
that could correspond to basaltic oceanic crust,
suggesting a thin sediment cover.

Erosion and bypass processes
Hardgrounds. The western part of the upper
slope and the central part of the middle slope
are characterized by homogeneous high-reflectiv-
ity acoustic facies separated by strips of homoge-
neous medium reflectivity. These facies are
respectively associated with bedded and hyper-
bolic echofacies and are likely connected to the

numerous 2 to 20 km long canyons and the
inter-canyon plateaus (facies 8 and 9, Fig. 11).
The presence of the hyperbolic facies is consis-
tent with the abrupt change of slope gradient on
the canyon edge walls and the reflection of the
acoustic signal. The homogeneous high-reflectiv-
ity acoustic facies combined with the bedded
echofacies is restricted to the smooth part of the
inter-canyon slope. The high-reflectivity acoustic
facies indicates low penetration of the acoustic
signal in the sediments in this area and are con-
sistent with the high-amplitude bedded reflec-
tions. This could imply early cementation (facies
10, Fig. 11). The analysis of core CARKS26,
located at the base of the middle slope (Fig. 2A),
shows periplatform ooze deposits containing
indurated nodules corresponding to a facies
described by Tournadour (2015) and Chabaud
(2016) as the nodular ooze facies (facies 9,
Fig. 11). It suggests an induration gradient (Tour-
nadour et al., 2017) and bypass transport along
the smoothest part of the slope, reflected by an
increase in reflectivity intensity down the slope.
Between 78°240W and 77°210W, the lower slope

shows an irregular surface characterized by a
heterogeneous, high-reflectivity acoustic facies
with medium reflectivity lineations (Fig. 8) asso-
ciated with a combination of bedded, blind and
hyperbolic echofacies. This area displays furrows
extending from the canyons, eroding the slope
and finally gently bending eastward (Figs 2A and
4A) in the slope direction. Both high reflectivity
and the blind part of the echofacies suggest an
induration of this part of the slope that could be
related to the presence of furrows (facies 10,
Figs 11 and 12B). This suggests downslope gravi-
tational processes (facies 10, Figs 11 and 12B).
These structures are cross-cut by perpendicular
erosional furrows, oriented N300 to N270
(Fig. 4A) that are interpreted as the results of the
action of either the northward flowing Antilles
Current or the southward flowing Labrador Cur-
rent (upper part of the DWBC). These furrows
related to medium reflectivity lineation are
responsible for the hyperbolic component of the
combined echofacies.

Failure scars. The cover of the MTC present in
the western sector of the study area is associated

Fig. 11. Synthetic map of the Little Bahama Bank (LBB) slope sedimentary processes. Cold colours (first column)
represent processes and geometries mainly generated by deposition. Warm colours (second column) represent pro-
cesses and geometries mainly influenced by erosion. The third column represents platform facies [from Enos
(1974) and modified by Tournadour (2015)].
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Fig. 12. Three-dimensional views (vertical exaggeration x3) of (A) the Little Bahama Bank (LBB) slope environ-
ments and (B) of the conceptual model of the sedimentary processes on the northern LBB slope; platform facies
from Enos (1974) and modified by Tournadour (2015). GAC = Great Abaco Canyon; LAC = Little Abaco Canyon;
DWBC = Deep Western Boundary Current.
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with homogeneous, medium-reflectivity acoustic
facies and bedded echofacies while its edge is
composed of homogeneous very high-reflectivity
facies (facies 12, Fig. 11). The very high-reflec-
tivity facies is likely related to the steep and
indurated walls of the MTC.
The lower slope of the Blake Plateau corre-

sponds mainly to bedded, hyperbolic and com-
bined echofacies linked, respectively, with
homogeneous medium-reflectivity or high-reflec-
tivity and heterogeneous medium-reflectivity
facies. No slump scars were evidenced in the
large flat area of the contouritic plateau, suggest-
ing that it is not affected by mass movement and
is covered with bedded echofacies and homoge-
neous medium reflectivity acoustic facies. This
suggests a lesser induration (Hanquiez et al.,
2007, 2010; Principaud et al., 2018) of the
sediment (facies 1, Fig. 11). These scars that
affect the contouritic Blake Plateau can be
related to sliding motion (facies 11, Fig. 11). The
scars cause heterogeneities in reflectivity and
are responsible for the variety of the combined
facies which is expressed in reliefs and hyperbo-
lae generated by failure scars in a generally bed-
ded system. In addition, the high-reflectivity of
these facies suggests a higher state of induration,
especially on the slide edges. The high-reflectiv-
ity lineations in this zone are similar to the
N300 to N270 lineations. High-reflectivity affects
the edge of the Blake Plateau, suggesting erosion
and/or bypass by bottom currents (DWBC or
Antilles Current).
Based on bathymetry, Mulder et al. (2018) pro-

posed that slide scars observed on the southern
side of the relict plateau might be circumstantial
evidence of a lateral supply of sediment to the
Little Abaco and the Great Abaco Canyons. This
study’s results are consistent with these observa-
tions, as heterogeneous, medium-reflectivity
facies with medium reflectivity patches are asso-
ciated with bedded echofacies corresponding to
flat areas. This association suggests hemipelagic
sedimentation with no movements (facies 1,
Fig. 11). On the contrary, combined and hyper-
bolic echofacies are associated with high-reflec-
tivity heterogeneities oriented towards the Little
Abaco and Great Abaco Canyons. These facies
correspond to a relict contouritic plateau
affected by numerous slides inducing a down-
slope sediment motion towards both the Little
Abaco Canyon and the Great Abaco Canyon (fa-
cies 11 and 13, Figs 11 and 12B).
Heterogeneous, medium-reflectivity acoustic

facies are associated with hyperbolic echofacies

and abrupt changes in the slope upstream of the
Little Abaco Canyon. The hyperbolic echofacies
is related to intense sliding in this area, while
the high reflectivity suggests coarse-grained or
more indurated deposits. The volume of sedi-
ment originated from slides appears to be more
important at the toe of the northern flank of the
Great Abaco Canyon than on its southern flank,
suggesting that the sliding source comes prefer-
entially from the Blake Plateau located north of
the Great Abaco Canyon (Fig. 12B). A strip of
combined (bedded and hyperbolic) echofacies
and heterogeneous, medium-reflectivity acoustic
facies, in the south of the Little Abaco Canyon,
likely corresponds to a terrace and suggests less
indurated sediments (since the bedded part of
the facies indicates deposition processes).

Slope canyons. In the eastern part of the slope,
the spacing between slope canyons of the same
size scale is less regular. This part of the slope
is affected by mass movements and scars that
could evidence sliding (Fig. 13A). The canyons
correspond to medium homogeneous reflectivity
facies associated with combined hyperbolic
echofacies due to the reflection of the acoustic
signal on the steep canyon edge walls (facies 8,
Fig. 11).
The eastern inter-canyon slope is associated

with high homogeneous reflectivity, which sug-
gests early cementation as in the western part of
the slope (facies 9, Fig. 11). The smooth part of
the inter-canyon plateaus, as observed on the
western part of the study area, is represented by
bedded and combined I (hyperbolic + bedded)
echofacies. The hyperboles observed are due to
the steep walls of the slide scars affecting the
canyons and inter-canyon parts of the slope.
The association of heterogeneous high-reflec-

tivity acoustic facies with combined I echofacies
and erosive lineations characterizes the valley
feeding the head of the Great Abaco Canyon.
These facies suggest that the sediments covering
the seafloor of the Great Abaco Canyon head are
indurated or coarse-grained (facies 10, Figs 11
and 12B). The narrow head and the erosion struc-
tures suggest that the canyon head does not rep-
resent the main source of modern sediments
settling in the canyon. The two other tributaries
draining the south-eastern part of the slope are
characterized by a combined II echofacies and
homogeneous medium reflectivity, suggesting
less-indurated deposits and a depositional
tendency (facies 13, Figs 11 and 12B). The
Great Abaco Canyon flanks and floor are
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associated with combined and hyperbolic echofa-
cies as well as patches of medium to very high-
reflectivity. This suggests the existence of both
erosional and depositional processes in the can-
yons. It also suggests that mass movements affect
the canyon edges and contribute to supplying
downslope transport processes (Fig. 12B). This
observation is consistent with the presence of ter-
races interpreted as originating from slumped
masses in canyon-head amphitheatres (Mulder
et al., 2018).
The two 5 km long canyon (C1 and C2) bodies

and mouths incising the Blake Plateau and
crossing the BBE are covered with hyperbolic
echofacies associated with very high-reflectivity
and high-reflectivity facies (facies 14, Fig. 11).
This suggests the presence of indurated deposits
and implies that the sediments transiting
through them do not accumulate at the mouths
of these canyons.

Sediment distribution and transport along the
Little Bahama Bank slope

Sediment export along the Little Bahama Bank
slope is strongly controlled by the morphology
of the platform and the related hydrodynamic
processes. This results in a complex distribution
of sediments.

Difference between the eastern and western
sectors of the Little Bahama Bank slope
In the western sector of the LBB, the deposition
of fan-shaped deposits is due to sediment flows
forming furrows (Tournadour et al., 2017) and

spreading out at the base of the slope (facies 5,
Fig. 11). Different processes seem to occur in the
eastern sector of the LBB. Distributary furrows
extend from the eastward canyons situated
between Bahama Bay and Spanish Cay
(Fig. 12B) but fan-shaped base of slope deposits
do not exist at their mouth (Fig. 12B). The pres-
ence of sediment waves and lobate structures
(facies 4, Fig. 11) filled with coarse-grained
material suggests that turbiditic flows transit
through the eastern canyons. On the contrary,
those transiting troughs in the western canyons
terminate in relatively finer-grained deposits (fa-
cies 5, Fig 11). Thus, it is interpreted that low-
density flows cut across the western canyons
while relatively higher density flows go through
the eastern canyons (Fig. 12B).
In addition, the presence of medium homoge-

neous reflectivity facies at the toe of the eastern
canyons is generally indicative of less-indurated
sediment than in the western part of the LBB
which displays medium reflectivity facies punc-
tuated with high reflectivity zones (Fig. 8).
These spatial disparities in the acoustic facies
implies different activity of the eastern versus
western canyons. Accordingly, the presence/ab-
sence of hemipelagic deposits and base of slope
deposits are reliable criteria which delimited the
western and eastern part of the Little Bahama
Bank slope (Fig. 12B).

Sediment transit through Little Abaco and
Great Abaco Canyon
The presence of lev�ee-shaped deposits between
the two major Great Abaco Canyon tributaries

A B

Fig. 13. High resolution bathymetry of (A) the Great Abaco Canyon head and (B) of the eastern canyons.
GAC = Great Abaco Canyon.
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indicates that dilute turbidity currents supply
much of the sediment (Mulder et al., 2018). This
is consistent with the homogeneous medium-re-
flectivity facies which suggests that sediment
deposit and modern active sediment processes
occur in the eastern canyons.
Upstream of the head of the Great Abaco Can-

yon, bypass processes are reflected by high
heterogeneous and combined blind and hyper-
bolic facies, and are associated with a hardground
facies (facies 10, Fig. 11). This suggests that sedi-
ments pass through the Great Abaco Canyon and
are not deposited on its head. Considering the
small size of the canyon head, the small number
of slide scars (Fig. 13A) and the low-density cur-
rents supplying the western lower slope
(Fig. 12B), this suggests less dense sediment sup-
ply transiting from its head (Fig. 12B).
Upstream of the Little Abaco Canyon, the

acoustic set defining the turbiditic deposits (fa-
cies 4, Table 3) imply that the eastern canyons
are highly active. The acoustic set also suggests
a direct axial supply of the Little Abaco Canyon
by relatively high-density turbidity currents. It
further highlights the supply difference between
the Little Abaco Canyon and the Great Abaco
Canyon.
North of the study area, 300 km away on the

Blake-Bahama Outer Ridge region, erosional fur-
rows were observed by Hollister et al. (1974) at
4 to 5 km water depth and interpreted as the
action of contour current activity. Previously
conducted surveys show activity of the DWBC
at 26.5°N (Lee et al., 1996; Bryden et al., 2005;
Johns et al., 2005). In addition, the acoustic set
associated with the abyssal plain deposits (facies
7, Fig. 11) suggests slight induration of these
deposits. Thus, the DWBC impact on the mate-
rial transiting through the canyon mouths can-
not be neglected because it could have led to
the present-day absence of topography and visi-
ble sediment accumulation at the mouth of the
Great Abaco Canyon (Fig. 12B).

Spatial disparities in sediment processes and
canyon maturity along the northern slope of
the Little Bahama Bank
The difference in the sediment flows transiting
through the western versus eastern canyons
emphasizes the existence of spatial disparities in
deposition processes along the Little Bahama
Bank slope (Fig. 12A). The western sector of the
northern slope of the LBB generally displays
acoustic facies that are indicative of depositional
facies such as hemipelagic deposits (facies 1,

Fig. 11), periplatform oozes (facies 3, Fig. 11) or
base of slope deposits (facies 5, Fig. 11). Espe-
cially in the westernmost part of the slope, sedi-
ment processes are dominated by almost entirely
deposition processes (facies 1, 3 and 5, Fig. 11).
On the contrary, the eastern sector displays more
heterogeneous reflectivity facies and combined
echofacies (Figs 8 and 9) suggesting the occur-
rence of erosional and/or bypass processes such
as hardgrounds (facies 9 and 10, Fig. 11), slides
(facies 11, Fig. 11) and escarpments (facies 13
and 14, Fig. 11), particularly on the middle slope
and the part of the lower slope south of the GAC.
Only the easternmost facies (facies 1, Fig. 11) and
very localized turbidite deposits (facies 3, Fig. 11)
depict the influence of local depositional pro-
cesses. This spatial repartition of sediment/depo-
sition processes is also highlighted by the spatial
evolution of the slope canyons. As previously
observed on the western part of the LBB slope
(Tournadour, 2015; Mulder et al., 2017), a gradi-
ent in the maturity of the canyons can be
observed between the western and eastern sectors
of the study zone. The morphology of the eastern
canyons presenting an amphitheatre shape (am-
phitheatre head highlighted by dotted lines in
Fig. 13B) and an up dip linear part (Figs 3A and
13B) likely corresponds to a mature stage of can-
yon formation on this slope (Puga-Bernab�eu
et al., 2011). Failure scars and more linear can-
yons can be observed in the central and western
sectors and correspond to the retrogressive phase
of the Little Bahama Bank slope canyon formation
model. This holistic investigation of the LBB has
enabled the mapping of sediment facies in the
area, evidencing spatial disparities in sediment/
depositional processes which ultimately denote
an east–west canyon maturity gradient.

Structural influence on Little Bahama Bank
slope morphology

While most canyons extend perpendicularly from
platform edges, both the Great and Little Abaco
canyons are oriented parallel to the edge of the
LBB. The particular direction of these two major
canyons coincides with the Great Abaco Fracture
Zone (GAFZ in Fig. 1), suggesting that this struc-
tural feature controls canyon formation and per-
sistence on the LBB slope. The influence of the
Great Abaco Fracture Zone extends over the
entire slope of the Little Bahama Bank as evi-
denced by: (i) the giant canyons which play an
important part in sediment distribution; (ii) a
marked east/west difference in platform
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morphology; and (iii) an east–west gradient in
sediment and deposition processes, as well as a
canyon’s maturity. Spatial disparities in sediment
processes were evidenced in this paper in the
entire study area, completing previous observa-
tions which focused on the western sector of the
LBB slope. The presence of abundant failure scars
and more mature and linear canyons in the east-
ern sector of the LBB slope indicates that inci-
sions are concentrated in this sector. This could
be the result of slope steepening due to fault
motion of the Great Abaco Fracture Zone. This
motion generates differential subsidence between
the eastern and western sectors of the Little
Bahama Bank slope, while the edges of the Great
Abaco Island define the axis of this motion. Fur-
thermore, spatial discrepancies in the expression
of differential subsidence (i.e. a steeper slope,
sliding motion and the generation of giant can-
yons in the east, versus a gentler slope, and drift
and hemipelagic deposition in the west) is
indicative of a weaker direct structural influence
in the western part of the northern Little Bahama
Bank slope.
Thus, this east/west gradient implies that the

inception of differential subsidence was likely
linked to the development of the Great Abaco
Fracture Zone. However, further analysis of
high-resolution seismic lines would be neces-
sary to assess the role played by the Great Abaco
Fracture Zone in moulding the morphology of
the Little Bahama Bank slope.

Little Bahama Bank northern slope
morphology and sediment processes: more
general implications

The presented multi-tool survey has provided a
holistic view of the large (325 km long/
24 650 km2) sedimentary system that is the LBB,
improving understanding of this system, and
allowing a representation of the complete sedi-
mentary profile from the carbonate shelf edge to
the abyssal plain. This work evidences large-
scale morphological characteristics and sedi-
ment dynamics of an entire carbonate margin
from the shallow upper slope to deeper environ-
ments, and identified preferential accumulation,
bypass and erosion locations of the carbonate
material on the slope. This study’s work further
highlights the mixed influence of both pre-exist-
ing structural features and sediment dynamics
that may occur in a carbonate system such as
the LBB. It provides new lines of investigation
with regard to the genesis of giant carbonate

canyons. The results suggest that these systems
are structurally generated and moulded over
time, with a strong influence of structural fea-
tures on ‘classic’ slope canyon maturity. This
has a major impact on carbonate stratigraphic
modelling and carbonate seismo-stratigraphic
interpretations in ancient analogue carbonate
systems. Future acquisition of high-resolution
seismic profiles in the area may provide further
information regarding the timing of structural
effects of the GAFZ on the northern sector of the
Bahamas and their implication on the establish-
ment of the Great Abaco Canyon and the Little
Abaco Canyon. Such data covering the entire
northern sector of the Bahamas will provide a
complete tectono-stratigraphic framework on
which to reconstruct the genesis of these can-
yons and define their role in carbonate transport
from the slope to the basin.

CONCLUSIONS

The large dataset covering almost the entire
northern Little Bahama Bank slope reveals a
wide variety of features attesting to diverse sedi-
mentary processes occurring along the slope and
allowing both along-slope and downslope trans-
port to supply giant canyons on the windward
side of this carbonate margin. Off-bank transport
including tidal flushing and density cascading
promote the export of fine-grained and coarse-
grained materials from the platform. This sedi-
mentary load transits through the numerous can-
yons incising the middle and lower slope all the
way along the Little Bahama Bank. Prolonging
the canyons, distributary furrows are cross-cut
by other furrows evidencing the impact of sur-
face currents and bypass processes on this part
of the lower slope. Despite the moderate sedi-
ment supply feeding the Great Abaco Canyon
head, the main supply of this giant canyon
appears not to be axial. Many failure scars and
slides can be observed in the eastern part of the
lower slope. They affect both the contouritic
Blake Plateau, the Little Abaco Canyon and the
Great Abaco Canyon flanks. The downslope
motion induced by slides appears to be the main
source of sediment transiting through the can-
yons. In this way, the two canyons appear to be
supplied differently: the Great Abaco Canyon is
mainly laterally supplied, and the Little Abaco
Canyon is both axially and laterally supplied.
These dense sediment flows are sufficient to
maintain the morphology of the two giant
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carbonate canyons. The establishment of these
canyons running parallel to the platform was
likely related to the Great Abaco Fracture Zone.
Energetic bottom currents (Deep Western Bound-
ary Current and Antarctic Bottom Water) seem
to prevent the present sediment deposition of a
lobe at the mouth of the Little Abaco Canyon
and Great Abaco Canyon. The analysis of the
backscatter and Very High Resolution seismic
data shows a gradient in deposition on the Little
Bahama Bank slope. The eastern part of the
slope is more subject to erosion whereas the
western part shows more deposition processes.
Erosional processes dominate the eastern part of
the slope, while the western part is influenced
to a greater extent by depositional processes.
These spatial discrepancies along with the unu-
sual alignment of the giant canyon with the Lit-
tle Bahama Bank platform and Great Abaco
Fracture Zone suggest that these regions are
influenced by a structural control. The structural
control takes root in the regional differential
subsidence between the eastern versus western
sectors of the Great Abaco Fracture Zone and
influences sedimentary dynamics on the slope.
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