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This paper presents an analysis of the combined influence of along-slope sediment transport and off-bank sedi-
ment export from the Little Bahama Bank (LBB) to the periplatform sediment wedge of the northwestern part of
the slope over the last 424 ka. The LBB northwestern slope is divided in (i) a plateau-like structure (margin) at
~40 m water depth over at least 4 km parallel to the edge of the LBB; (ii) the uppermost slope with a mean
slope angle of ~1.15° from 40 to 300 m water depth; (iii) the upper slope with slope angle of ~0.7 from 300 to
650 m water depth, (iv) the middle slope with slope angle of ~1.2, from 650 to 800 m water depth, and
(v) the lower slope with slope angle of b~0.5, from 800 to 900 m water depth.
The uppermost slope, the upper slope, and the middle slope of the northwestern LBB were characterized by
periplatform oozes that becamemore diluted with pelagic sediment toward the distal part of the slope. This sed-
iment distribution of the northwestern LBB slope varied significantly over times according to the flooded surface
of the LBB. The major flooding periods are related to the highest Relative Sea Level (RSL) (N−6m) that occurred
during interglacial periods, the highest sedimentation rates (10–30 cm/ka) and the finest sediment facies were
found on the slope. During interglacial periods when RSL b −6 m, LBB was emerged but bank margins were
still flooded and correspond to intermediate sedimentation rates (a few to 10 cm/ka) on the slope. Finally, during
glacial periods (RSL b −90 m), LBB was emerged (including its margins), sedimentation rates on the slope
dropped to a few mm/ka associated to coarser sediment facies.
Off-bank-transported sediment is themain sediment supply during sea-level highstands, occurring preferentially
during three major periods of LBB flooding over the last 424 ka: marine isotopic stages 1, 5e and 11. During sea-
level lowstands, shallow carbonate production was very low but could develop over a 4 km-wide plateau-like
structure when RSL was above−40 m. The regional Antilles Current affected the sea floor along the northwest-
ern LBB slope and influenced coral mound distribution as well as sediment facies and sequences along the upper
and middle slopes (300–800 m). During glacial periods, the stronger influence of the Antilles Current upon the
along-slope sedimentation promoted diagenesis via the development of indurated nodules in the upper slope
(~400 m water depth). It also encouraged bi-gradational sequences showing a coarsening-up unit followed by
a fining-up unit along themiddle slope (~800mwater depth) that is thoroughly bioturbated. The characteristics
of these contourite sequences were similar to those described in siliciclastic environments, but in contrast were
condensed with low sedimentation rates over long (glacial) periods.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Contourite drifts were first defined as large accumulations of sedi-
ment deposited at water depths exceeding 500 m by deep water
bottom-currents circulating over the sea floor related to thermohaline
circulation (Heezen et al., 1966; Heezen and Hollister, 1971; Hollister
abaud).
and Heezen, 1972; Faugères and Stow, 1993). Recently, the term
“contourite drift” was also applied to deposits along continental mar-
gins built by intermediate (Van Rooij et al., 2010; Rebesco et al., 2013)
or shallow (e.g. Vandorpe et al., 2011) water masses. Contourite drift
morphology ranges from small patch drifts (b100 km2) to giant elon-
gate drifts (N100,000 km2) (for a complete review see Faugères et al.,
1999; Rebesco and Camerlenghi, 2008; Faugères and Mulder, 2011;
Rebesco et al., 2014). The relatively continuous accumulation rates of
contourite drifts (Knutz, 2008) provide a record of paleoenvironmental
changes throughout time (Hernández-Molina et al., 2003; Llave et al.,
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2006; Voelker et al., 2006; Wilson, 2012, 2013; Toucanne et al., 2012;
Mulder et al., 2013; Vandorpe et al., 2014).

Contourite deposits are widely documented in the literature (Stow
and Holbrook, 1984; Faugères et al., 1999; Faugères and Stow, 2008;
Stow et al., 2002, 2008). However, only few studies have highlighted
the importance of contour-currents along carbonate slopes (Neumann
and Ball, 1970; Correa et al., 2012; Betzler et al., 2013; Murdmaa et al.,
in this issue ). Five modern carbonate contourite drifts can be found in
the Bahamas: the Pourtales Drift, the Santaren Drift, the Cay Sal Drift,
the Great Bahama Bank (GBB) Drift, and the Little Bahama Bank (LBB)
Drift (Mullins et al., 1980; Anselmetti et al., 2000; Bergman, 2005;
Bergman et al., 2010). The term “periplatform drift”was recently intro-
duced (Betzler et al., 2014) to refer to a carbonate slope wedge that is
under the influence of ocean currents. Such periplatform drifts are
very specific compared to other drifts as themain sediment input result
from off-bank transport of the carbonate platform located nearby. The
classical contourite facies is characterized by a bioturbated coarsening-
up unit ranging from the muddy facies to silty/sandy facies, followed
by a bioturbated fining-up unit ending back with muddy facies. Such a
facies succession described from the Faro Drift in the Gulf of Cádiz re-
flects the intensification and reduction of current velocities (Gonthier
et al., 1984; Faugères et al., 1984). The term “contourite” represents
one bigradational sedimentary sequence, and the term “contourite
drift” refers to the staking of contourites forming the sedimentary body.

In carbonate environments, remarkable changes in sedimentation
rates have been observed along slopes with a high (low) accumulation
of sediment during interglacial (glacial) periods (firstly documented by
Kier and Pilkey, 1971; Lynts et al., 1973; Mullins et al., 1980; Mullins,
1983; Droxler et al., 1983). During sea-level highstands, the complete
submersion of the shallow-water carbonate bank, water depth b6 m, is
allowed for the abundant production of fine-grained aragonite particles
on the LBB (Neumann and Land, 1975). Production of sediment on the
carbonate bank is sharply reducedwhen the bank top is partially or total-
ly emerged during lowstands. Episodic sedimentation due to sea-level
fluctuations between glacial and interglacial periods is explained by the
“highstand shedding” model (Droxler and Schlager, 1985; Schlager
et al., 1994), which is highlighted in numerous studies (Mullins et al.,
1980; Boardman and Neumann, 1984; Boardman et al., 1986; Reijmer
et al., 1988; Wilber et al., 1990; Rendle and Reijmer, 2002).

This study analyzed the spatial and temporal variability of sedimen-
tation on the LBB Drift (~400 and ~800 m water depth). In addition, it
aimed to highlight sedimentary processes at varying distances from
the bank over the last 424 ka (highstand vs lowstand). A multi-proxy
approach based on bio- and isotopic stratigraphy and sedimentary
analyses of marine cores was combined with geometrical analyses of
geophysical data. The aim of this paper is to explain the growth of this
contourite drift and discuss the use of the term periplatform drift.

2. Present-day environmental setting

2.1. Geological, climatic and oceanographic contexts

The Bahamian archipelago is composed by several shallow-water
carbonate banks (Fig. 1) and has been considered tectonically stable
since the middle Tertiary (Masaferro and Eberli, 1999). It forms an iso-
lated platformwith limited wind-derived siliciclastic supply and repre-
sents (in maximum) less than 3.4% of the platform sedimentation
(Traverse and Ginsburg, 1966; Swart et al., 2014). The Bahamas is now-
adays considered as a fairly pure carbonate sedimentation environment.
The climate of the northern Bahamas is subtropical to temperate (Roth
and Reijmer, 2004) with easterly tradewinds (fromNE, E, and SE)most
of the year and cold northwesterly winds occurring during winter
(Sealey, 1994). Wave energy flux is higher on the northern margin of
the LBB (windward) than the southern and western margins of LBB
(leeward) (Hine andNeumann, 1977; Hine et al., 1981a, 1981b). Ocean-
ic circulation patterns in the northern Bahamas are complex. However,
it is broadly accepted that the Antilles Current flows to the Northeast
along the Bahama Escarpment and to the North of LBB (Rowe et al.,
2015),where itmergeswith the Florida Current to form theGulf Stream
(Neumann and Pierson, 1966; Rowe et al., 2015). The only known cur-
rent pattern described north of Little Bahama Bank suggests stronger
currents at 400 m water depth than 50 m water depth (Fig. 2, Johns,
2011), which is in agreement with highest velocities located in 400 m
water depth to the east of LBB (Lee et al., 1990). Measurements of the
Antilles Current taken on the eastern part of the LBB northern slope re-
corded flow velocities at 750mwater depth ranging from 0.2 to 0.8 m/s
directed northwest (Costin, 1968). In the same area, a reversal of bot-
tom current across the east–west axis was recorded at 1040 m water
depth but without quantification of the velocities (Gallagher, 1968). It
has been suggested that the Antilles Current is not a steady flow but be-
haves as an eddy field along the Bahamian Archipelago (Gallagher,
1968; Ingham, 1974; Gunn andWatt, 1982; Lee et al., 1996). The Florida
Current stretches northward from the Straits of Florida to Cape Hatteras
(Rowe et al., 2015) with a discharge of 32.1 ± 3.3 Sv (Baringer and
Larsen, 2001; Rousset and Beal, 2014). The surface currents are stron-
gest on the western side of the straits, above the continental slope off
Miami, with maximum velocities exceeding 1.5 to 2 m/s (Brooks and
Niiler, 1977). Under this surface current (457 to 825 m water depth),
southward-flowing countercurrents are found with average velocities
of 0.18 m/s, and maximum velocities of 0.6 m/s (Neumann and Ball,
1970; Correa et al., 2012). Bottom currents along the eastern side of
the Bahamas flow to the north at velocities reaching 0.5 m/s at 305 m
water depth (Neumann and Ball, 1970; Neumann et al., 1977).

2.2. Geometry of the LBB Drift

In the Bahamas, the LBB Drift is a modern carbonate contourite drift
that settled along the western side of the northern LBB slope (Mullins
et al., 1980). The LBBDrift extends over 100 km(with a slope inclination
around 1°) and a maximum width of 60 km (Mullins et al., 1980). Ac-
cording to the classification of Faugères et al. (1999), the LBB Drift cor-
responds to a plastered drift influenced by down-slope processes
(Tournadour et al., 2015). The LBB Drift began approximately during
the Miocene or Pliocene (Unit F in Fig. 3, Tournadour et al., 2015). A
huge mass transport complex (Tournadour et al., 2015) affected the
upper slope of the LBB Drift and the mass transport deposits formed a
compressional area on the frontal edge (light blue of Unit F in Fig. 3)
which may have been affected by a major erosional event (top of Unit
F in Fig. 3). Amajor growthphase occurred during the entire Quaternary
(Unit G, in Fig. 3), which is the main focus of this study.

LBB Drift deposits consist of a mixture of planktonic and pelagic mi-
crofauna living in thewater column and sediments derived from the ad-
jacent LBB (Mullins et al., 1980; Lantzsch et al., 2007), hence a typical
“periplatform ooze” (Schlager and James, 1978). Lantzsch et al. (2007)
showed, from sediment cores MD99-2202 (Figs. 1, 4A), fine-grained
sediment with a high aragonite content during interglacial periods,
and cemented coarser sediment with a high-Mg calcite content during
glacial periods. Hardgrounds are present on the sea floor at approxi-
mately 600 to 700 m water depth in the Straits of Florida and, along
the base of LBB (Neumann and Ball, 1970; Neumann et al., 1977;
Mullins andNeumann, 1979). These can be explained bywinnowing re-
lated to currents affecting the sea floor (Wilber, 1976), and the diage-
netic potential of periplatform oozes (Heath and Mullins, 1984). Both
mechanisms vary in intensity with distance from the edge of the bank
(Mullins et al., 1985). Additionally, elongated carbonate mounds
(lithoherms) have been observed on the western margin of LBB in the
Straits of Florida (Neumann et al., 1977; Messing et al., 1990). These
mounds were thought to be mainly controlled by currents providing
nutrients, and by sea floor topography (Correa et al., 2012). ROV obser-
vations revealed that they were occasionally just carbonate blocks with
a coral cover (Hebbeln et al., 2012). However, east of the study area
deep carbonate coral mounds (bioherms) have been reported at depths



Fig. 1. A) Location map study area, north of the Bahamas; B) Bathymetric map of carbonate slope located north of LBB (Leg 2 — CARAMBAR cruise). Yellow arrows indicate main ocean
currents. Red points indicate location of marines cores used in this study. Purple dots and line indicate the location of the sound velocity profiles (CARAMBAR 1.5 cruise); C) Zoom on
the LBB Drift. Names of cores are added. Isobaths are drawn after the General Bathymetric Chart of the Oceans (GEBCO, 2014) data set.
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of 1000–1300 m water depth with sediment starved ripples in
intermound area (Mullins et al., 1981; Reed, 2002).

3. Materials and methods

3.1. Very high-resolution (VHR) seismic data and sedimentary cores

The dataset used in this studywas collected in the LBBDrift along the
northwest end of the LBB (Fig. 1) during the Carambar Cruise (2010)
Fig. 2. : Currents patterns A) at 50m and B) at 400m obtained during the shipboard ADCP surve
C) Sound velocity profiles located on the study area north of LBB (purple dot and lines on Fig.
aboard the R.V. Le Suroît (Mulder et al., 2012a, 2012b) and Carambar
1.5 Cruise (2014) on the R.V. F.G. Walton Smith. The MD99-2202 core
(Table 1) obtained on the LBBDrift in 1999with theRVMarionDufresne
was added to the dataset (Lantzsch et al., 2007).

All cores (Table 1) were recovered on the westernmost side of the
northern slope off LBB and penetrated to Unit G, which fills the depres-
sion of themass transport complex (Fig. 2). Cores CARKS-18, CARKS-20
and CARKS-21 were collected using a Kullenberg piston corer ca 15, 37
and 30 km from the bank edge (Fig. 1). Core CARG-28 was collected
y north of Little Bahama Bank, and from the Florida Current section at 27° N (Johns, 2011).
1).



Fig. 3. 3D assemblages viewof the seismic interpretation of the LBBDrift (Tournadour et al., 2015). The LBBDrift structured the northwest corner of LBB slope by a hemiconical bodywith a
downslope termination at 800 m water depth.
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using a gravity core ca 4 km from the bank edge (Fig. 1). CARG-27 was
collected using a Van Veen grab ca 2 km from the bank edge (Fig. 1).

Approximately 600 km of VHR seismic lines were collected in the
LBB Drift from a sub-bottom profiler (Chirp mode). The litho-seismic
Fig. 4. A) Overview of VHR seismic lines 143, 224, 225 and 229 from CARAMBAR cruise and li
margin and the name and angles of the different units of the slope are indicated; B) VHR se
C) VHR seismic line 143 with various details. Yellow unit corresponds to Unit G described in T
correlation of the cores (CARKS-18, 20 and 21) was made with an aver-
age velocity of 1700 m/s (Sheridan et al., 1966; Harwood and Towers,
1988). It should be noted that the accuracy of VHR seismic lines is
~0.5 ms so ~0.4 m on core sections.
nes 110, 111 and 112 from CARAMBAR 1.5 and an enlargement of core site locations. The
ismic line 229 showing the slope morphology and internal sediment wedge structures;
ournadour et al. (2015).



Table 1
Information of the studied cores including name: the coring method, the length of recovery (cm), the water depth (m water depth), the latitude and the longitude.

Name Coring method Length of recovery (cm) Water depth (m) Latitude Longitude

CARKS-18 Kullenberg piston corer 100 404 27°31.9746′ N 78°59.34813′ W
CARKS-20 Kullenberg piston corer 1311 714.2 27°44.66326′ N 78°52.59793′ W
CARKS-21 Kullenberg piston corer 1195 798.8 27°40.9360′ N 78°45.0075′ W
CARGC-28 Gravity core ~4 191 27°25.179′° N 79°02.881′° W
CARG-27 Van Veen grab 7 (indurated block) 68 27°24.116′° N 79°04.213′° W
MD99-2202 Calypso Giant Piston Corer 26 460 27°34.45′ N 78°57.93′ W
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Sound Velocity profiles were performed along the water column
using a Minos X vertical profiler at 6 different locations (Fig. 1) in
order to identify water masses (Fig. 2).

3.2. Sedimentological analyses

All sedimentological analyses were performed in the CNRS-EPOC
and RAMAT-CRP2A (SEM images) research laboratories of the Universi-
ty of Bordeaux. Only a few centimeters of sediment were recovered
from CARG-28 and an indurated block was recovered from CARG-27,
which prevented sedimentological analyses. The sedimentological
analyses of the CARKS-18, CARKS-20, and CARKS-21 cores consisted of
a visual description, photography, and sediment color measurement
using a spectrophotocolorimeter Minolta CM2600D.

X-ray analyses were performed using the SCOPIX X-ray image-
processing tool (Migeon et al., 1999). Downcore patterns of strontium
and calcium content were measured every cm in CARKS-18, CARKS-20
and CARKS-21 with an Avaatech XRF scanner (10 kV, 400 μA, 10 s, and
30 kV 2000 μA, 15 s). Strontium counts were normalized by calcium
counts in order to correct for potential biases associated with the mea-
suring method (mainly variations in water content and grain-size).
Grain size was measured using a Malvern Mastersizer S laser diffrac-
tometer with the Fraunhofer method. The 50th centile (D50 ormedian)
and modal distribution of the sediment were used and shown in the
core analysis figures. Four thin sections were collected in core CARKS-
21 and in CARKS-18 and the preparation technique used for these sec-
tions followed the protocol described in http://www.epoc.u-bordeaux.
fr/index.php?lang=fr&page=eq_sedimentologie7 (Zaragosi et al.,
2006). Thin section images were then acquired using an automated
LEICA DM6000 B Digital Microscope at ×25 magnifications (Zaragosi
et al., 2006). In addition, high-resolution images were made using a
Scanning Electron Microscopy (SEM) JEOL 6460 LV. Samples of bulk
sediment were dried and coated with gold for five minutes to ensure
conductivity was at an adequate level to use the high vacuummode.

3.3. Biostratigraphical and isotopic analyses

FiveAMS 14C dateswere performed at the Laboratoire duCarbone14
(Saclay, France) onmonospecific samples of the planktonic foraminifera
Globigerinoides ruber var. alba: two on core CARKS-20 over the top
60 cm and three on core CARKS-21 over the top 140 cm.

δ18Omeasurementswere carried out at CNRS-EPOC research labora-
tory (University of Bordeaux) on ~10 tests of the planktonic foraminifer
species G. ruber var. alba collected from the 200–250 μm sediment
fraction every 10 cm on CARKS-21 using an Optima Micromass mass
spectrometer. Data were reported as δ18O versus Pee Dee Belemnite
standard (PDB) after calibration with National Bureau of Standards
(NBS) 19 (Coplen, 1988; Hut, 1987).

Coccolith assemblages were investigated at low resolution in order
to validate the AMS 14C and δ18O-based stratigraphical framework of
the four studied cores. Smear slides were prepared from the fraction
b63 μm and examined by means of standard light microscope tech-
niques under crossed nicols and polarized light at 1000×magnification.
In order to improve the stratigraphic resolution of the Pleistocene inter-
val, the biohorizons described for ODP leg 175 (Wefer et al., 1998) were
utilized. This was in addition to the classic first/last occurrences (FO/LO)
of index species, which include dominance intervals of single-species/
taxonomical categories.

4. Results

4.1. LBB northern slope morphology and periplatform drift geometry

The LBB northwestern slope becomes a plateau-like structure over
4 kmat ~40mwater depth (Fig. 4). The flat plateau-like structure is ori-
ented parallel to the edge of the LBB and is considered as its margin.
Slope angles divide the slope into different sections: the uppermost
slope, the upper slope, themiddle slope, and the lower slope. Theupper-
most slope (Rankey andDoolittle, 2012) extends between 40 and 300m
water depth with a mean slope angle of 1.15°, ~3.8° from 40 to 180 m
and 0.6° from 180 to 300 m water depth. The upper slope extends
from 300 to 650 m water depth with a mean slope angle of ~0.7. The
middle slope extends from 650 to 800 m water depth with a mean
slope angle of ~1.2. Finally, the lower slope extends from 800 to
900 m water depth with a mean slope angle b~0.5 (Fig. 4).

The VHR seismic data (lines 110 and 001) of cruise CARAMBAR 1.5
showed a very high amplitude signal corresponding to the sea floor
and continuous layered sub-bottom reflectors below (Fig. 4). At the
base of the uppermost slope, a surficial acoustically-transparent
echofacies related to a low signal penetration was observed down to
~400–500 m water depth. This shallow transparent echofacies (in red
in Fig. 4) thins basin-wardwith amaximum thickness of 9m at approx-
imately 180 m water depth. Below this transparent echofacies, distinct
continuous and subparallel internal reflectors were observed to 800 m
water depth (in blue in Fig. 4). This unit has been previously described
by Tournadour et al. (2015) as Unit G, which was not part of the LBB
Drift according to seismic data (Fig. 3). These authors defined the LBB
Drift as restricted to seismic Unit F (Fig. 3). The base of Unit G is defined
by a continuous erosional surface associated with punctual mounded
topographies and characterized by hyperbolic echofacies (Fig. 3). The
frontal and lateral terminations of the LBB Drift (at ~800 m water
depth) were affected by several submarine slides. The frontal part of
the periplatform wedge forming the Unit G presents a thickening
which suggested the influence of along-slope processes (Fig. 3). Unit G
fills the topographic depressions induced by mass transport complexes
and frontal submarine slides and it thins basinwards. Linear incisions
visible on the sea floor evidence ancient frontal slides in present-day
bathymetry that are not completely filled by the sediment of Unit G
(Fig. 3).

4.2. Other morphological surface features related to the Antilles Current in
the northern LBB slope

Specific mound-like features also occur on the sea floor of the LBB
slope. They are interpreted as coral mounds (overlapping hyperboles
in VHR seismic). Sedimentation surrounding the deep coral mounds
was not symmetric along the strike profile and, showed a preferential
accumulation on the eastern side of the coralmounds (Fig. 4). The pres-
ence of coral mounds between 600 and 800 m water depth insisted on
the presence of bottom currents as deep-coral growth requires a regular
supply of nutrients usually brought by these currents (Correa et al.,
2012). Moreover, the coral's present spatial distribution is associated
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with the topography. This is because coral mounds are typically located
on indurated topographic highs (blocks or ridges) that serve as sub-
strate for coral larvae settlement (Correa et al., 2012). Distribution of
coralmounds during the Cenozoic seems related tomajor erosional sur-
faces described in Tournadour et al. (2015; Fig. 3). Escarpments related
to these surfaces would have formed topographic highs that could be
preferentially used as substrate for coral mounds.

The asymmetric sediment accumulation around the coral mounds,
namely, non-deposition on the western side of the cold water mound
and preferential deposition on the eastern side (Fig. 3), suggested
that settling of fine-grained particles was driven by bottom currents
locally trapped against escarpments. This induced non-deposition
areas behind the coral mounds. These asymmetrical depositional struc-
tures are interpreted as “comet-like structures” that resulted from
westward-orientated bottom currents such as the Antilles Current.
Therefore, this provided evidence that the Antilles Current is present
along the seafloor up to 800 m water depth in the northern LBB slope.

The presence of the Antilles Current in the study area was also evi-
denced by 1 to 2 m-long erosional structures on the sea floor oriented
in a northwestern direction in the northern lower slope of LBB
(Tournadour, 2015). In particular, the presence of sediment starved rip-
ples in these intermounded areas east of the study site implied the pres-
ence of a strong current (Mullins et al., 1981). During the CARAMBAR
1.5 cruise, six sound velocities profiles were collected (only 4 are
shown) that suggest the presence of two different water masses: one
from 0 to 150 m and one from 150 to at least 1000 m water depth,
which may be related to the Antilles Current (Fig. 2). This suggested
that the Antilles Current remobilized the sediment in the eastern part
of the north LBB slope, and promoted deposition in the western part
of the slope of the LBB Drift.

4.3. Sediment features in the northern LBB slope

The CARG-27 sample was collected on a plateau-like structure,
located on the margin of LBB. It is an indurated calcareous block
(16 × 11 × 7 cm) with living algae, tubes of serpulidae, crustose red
algae and moldic pores on its surface (Fig. 5A). The block contains ben-
thic foraminifera such as Amphistegina and miliolids, some bivalves,
Halimeda plates, gastropods, and otoliths. All the components were
cemented and voids due to moldic dissolution were rounded with
1 cm diameters.
Fig. 5.A) Photo of the indurated calcareous block of CARG-27; B–F: SEM images. B) Lithified nod
sediment (301 cm in CARKS-21); E) coarse-grained sediment (375 cm in CARKS-21); F) sligh
needles and coccoliths.
Core CARGC-28 was collected in the thickest part of shallow
transparent facies, on the uppermost slope. Sediment was not fully
recovered, probably due to technical problems during coring opera-
tions. This core contained two types of sediments. First, the basal layer
(1 cm-thick) consisted of broken Halimeda plates (~35%) and benthic
foraminifera (~35%) associatedwith a few (~10% each) planktonic fora-
minifera, bryozoan clasts and undetermined bioclasts. Second, the top
layer (1 cm-thick) was made of pellets (~50%) with benthic foraminif-
era (~35%) associated with rare specimens of planktonic foraminifera,
broken Halimeda plates (~1–2 mm), bivalves and bryozoan clasts. In
both units, the benthic foraminiferawere amixture of deep and shallow
bank-derived specimens such as Amphistegina sp., Peneroplis sp. and
Homotrema rubrum. The matrix (b20 μm) was dominated by aragonite
needles associated with rare (~2–3%) coccoliths.

Core CARKS-18 was also collected in the shallow transparent facies
and showed three sedimentary layers (Fig. 6). Layer 1 extended from
the base of the core to 85 cm, and showed a light gray grainstone with
cm-scale indurated nodules mixedwithmainly planktonic foraminifera
and pteropods. Grain-sizemeasurements showed that the coarsest sed-
iment had a D50 up to 475 μm (Fig. 6). Thin sections indicated the pres-
ence of several indurated nodules with different sizes (Fig. 6B). Some of
them contained planktonic fauna such as foraminifera or pteropods
(Fig. 6C). SEM images of the surfaces of some indurated nodules showed
euhedral crystals of calcite ranging from 2 to 5 μm (Fig. 5B). At first
glance, the size of the indurated nodules decreased toward the top of
the layer. Tests of the planktonic organisms appeared mostly yellow
(a small number remained white), and not broken. This layer was
interpreted as a diagenetic sequence. Layer 2 extended from 85 cm to
34 cm. It was a light gray bioturbated wackestone corresponding to a
typical periplatform ooze. Abundance of aragonite needles was ob-
served in SEM images (Fig. 5C). Layer 3 extended from 34 cm to the
top of the core. It was a light gray packstonewith an erosive base show-
ing a coarse grain-size between 34 cm and 30 cm, and a finer grain-size
from 30 cm to the top of the core. This poorly sorted fining-up sequence
was interpreted as a turbidite.

Cores CARKS-20 and CARKS-21 were localized in the distal part of
Unit G in the middle slope. They both showed 1 to 3 m-thick beds of
white to light gray finewackestone (D50 between 15 and 20 μm) inter-
bedded with medium/coarse wackestone to packstone beds (D50
between 30 and 160 μm) of 10 to 120 cm in thickness (Figs. 7, 8). Sedi-
ments in cores CARKS-20 and CARKS-21 showed bioturbated typical
ule (100 cm in CARKS-18); C)fine-grained sediment (46 cm in CARKS-18); D) fine-grained
tly-indurated sediment (1193 cm in CARKS-21). Note the presence of distinct aragonite



Fig. 6. A) CARKS-18 correlations between CHIRP data in TWS (ms) and lithology, parameter L* and grain-size measurements; B) photo and thin section of the 10-cm grainstone interval
and photo of core CARKS-18; C) enlarged microphoto of one indurated nodule from the thin section taken with a ×25 magnification. Pt: Pteropods, Pf: Planktonic foraminifera.
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periplatform ooze sediment with a majority of planktonic foraminifera,
pteropods, and a few benthic foraminifera mixed in a carbonate matrix
made of aragonite needles and coccoliths (Figs. 7, 8, 5D, E). Carbonate
content comprises approximately 90% of the sediment particles except
in the clay-rich intervals where it reaches 60%. SEM images showed a
Fig. 7. A) Core CARKS-21 correlation between CHIRP data in TWS (ms), lithology, parameter of s
of the 15 cm-long interval with wackestone to fine packstone showing a coarsening-up unit foll
high abundance of aragonite needles (2–3 μm long; 0.25 μm width) in
fine-grained sediment, but a lesser abundance in coarse-grained sedi-
ment that showed a higher content of aragonite blades (4–5 μm long;
0.45 μmwidth). These aragonite blades were twice aswide as aragonite
needles (Fig. 5D, E). In both cores CARKS-20 and CARKS-21, the
ediment brightness L* and grain-size median; B) photo, thin section and grain-size modes
owed by a fining-up unit. Bioturbations are highlighted by yellow lines on the thin section.



Fig. 8.A)Core CARKS-20 correlation between CHIRP data in TWS (ms), lithology, parameter of sediment brightness L* and grain-sizemedian; B) photo, X-ray images and grain-sizemodes
of the 98 cm-long interval of wackestone showing a coarsening-up unit followed by a fining-up unit. Bioturbations are highlighted by yellow lines on X-ray images.
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coarsest-grained beds showed a coarsening-up unit followed by a
fining-up unit forming a distinct bigradational sequence. In core
CARKS-21, the D50 curve showed coarser sediments over a shorter se-
quence than in core CARKS-20, suggesting condensed deposits in
CARKS-21. The base of CARKS-21 (~30 cm) was slightly lithified and
showed 2 to 6 μm-long euhedral calcite crystals (Fig. 5F).

4.4. Stratigraphy of the cores

4.4.1. Stratigraphy of the reference core: CARKS-21
CARKS-21 was chosen as the reference core because it is the only

core which penetrates through the entire layered drift deposits at
its distal fringe (Figs. 3, 4). Calcareous nannofossil biostratigraphy
highlighted the presence of five acme zones: the acme of Emiliania
huxleyi from MIS 1 to MIS 4/5b; the transitional acme of E. huxleyi and
Gephyrocapsa aperta from MIS 4/5b to the top of MIS 6, the acme of
G. aperta from the top of MIS 6 to the base of MIS 8, the acme of
Gephyrocapsa caribbeanica between the bases of MIS 8 and MIS 15,
and the acme of small Gephyrocapsa between the bases of MIS 15 and
MIS 25. The last occurrences (L.O.) of Pseudoemiliania lacunosa and
Reticulofenestra asanoi, indicate an age of 458 kyrs BP (Thierstein et al.,
1977) and 830 kyrs BP (Sato et al., 1991), respectively. From 9.3 m to
the base of the core, the sediments represented ca 500 ka of sedimenta-
tion over 2.65 m, so calcareous nannofossil biostratigraphy suggested
low sedimentation rates (0.5 cm/ka) and/or perturbation.

δ18O values based on G. ruber var. alba tests ranged from −1.86 to
0.69‰ (Δ2.55). These values agree with previous results published for
the Bahamas (Droxler et al., 1983; Boardman et al., 1986; Lantzsch
et al., 2007). The δ18O curve was correlated from the top of the core to
9.3mwith the δ18Obenthic stack of Lisiecki andRaymo (2005). However,
no correlation was possible with the δ18O benthic stack because the base
of the core to 9.3m showedperturbation and/or low sedimentation rates.

The δ18O curve of CARKS-21presented a slightly different shape than
the δ18O benthic stack of Lisiecki and Raymo (2005) during MIS 5 and
MIS 7. This can be explained by the high variability in sedimentation
rates between glacial and interglacial periods. Indeed, the short sea-
level lowstand during MIS 7 was likely associated with bioturbated
and condensed deposits making the detection of the δ18O changes
difficult with the chosen sampling resolution step (10 cm intervals be-
tween each samples).
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The strontium curve values ranged from 33,209 ppm to 224,189 ppm
and calcium element content was always N90% except in the clay-rich in-
tervals (not shown). The Sr/Ca ratio showed a clear positive correlation
with the δ18O signal along the first 9.3 m (Fig. 9). Infrequent anomalies
in the correlation were located in the clay-rich intervals corresponding
to a change in sediment nature. Strontiumwas incorporated as a minor
component (2000–10,000 ppm) during the formation of biogenic
carbonates, representing 1% in aragonite materials and 0.1 to 0.2% in
calcite materials (Morse and MacKenzie, 1990). Most of the bank-
derived materials, such as calcareous algae, corals, and ooids, and 80%
of the aragonite needles had a high content of Sr–aragonite. However,
pelagic organisms derived from the water column had a high content
of low-Mg calcite (planktonic foraminifera, coccoliths) and a few low-
Sr aragonite (pteropods and benthic molluscs) (e.g. Veizer, 1983;
Boardman and Neumann, 1984; Shinn et al., 1989; Morse and
MacKenzie, 1990). In the processed cores, the strontium signal mostly
represented the quantity of strontium in aragonite and allowed for
distinguishing between aragonite exported from the bank-top and ara-
gonite formed in the pelagic water column (Boardman and Neumann,
1984). The strontium signal was an indicator of relative sea-level in
this almost pure carbonate environment (Boardman et al., 1986).

The two radiocarbon ages of 10,553 cal yrs BP at 98 cm and
35,796 cal yrs BP at 138 cm constrain theHolocene andMIS 3. However,
a third date on a sample collected at 20 cm was rejected while its age
assignment was considered as too old compared to other stratigraphic
results (Fig. 9).
Fig. 9. Stratigraphy of core CARKS-21with A) lithology, grain-sizemedian, coccolith acme zones, S
B) Benthic stack LR04 of Lisiecki and Raymo (2005). The three AMS radiocarbon dates with their
can be observed for glacial periods (cross-hatched intervals) and interglacial intervals with high
4.4.2. Stratigraphy of the others cores: CARG-28, CARKS-18 and CARKS-20
In core CARKS-20, no specimen of P. lacunosa was found, indicating

that the core does not reach MIS 12. The three radiocarbon ages of
3279 cal yrs BP at 20 cm, 4427 cal yrs BP at 60 cm and 18,042 cal yrs
BP at 94 cm were consistent with the presence of MIS 1 and 2 at the
top of the core (Fig. 10). The strontium curve ranged from 65,729 ppm
to 244,328 ppm (not shown) and the ratio Sr/Ca displayed the same
trends as for CARKS-21. Variations in the strontium content were in
agreement with the calcareous nannofossil biostratigraphy and allowed
defining MIS 1 to 11 (424 ka; Lisiecki and Raymo, 2005, Fig. 10).

In core CARKS-18, only the acme of E. huxleyi fromMIS 1 to MIS 4/5b
was detected in the non-perturbed intervals located between 40 cm and
70 cmbut no reliable datawas obtained in the basal and top layers. In the
basal layer, a glacial faunal assemblage was observed based on the in-
crease of Globorotalia inflata and Globigerina falconensis and the absence
of Globorotalia menardii menardii (Kennett and Huddleston, 1972;
Ericson et al., 1964; Beard, 1969, 1973; Ruddiman, 1971; Poag and
Valentine, 1976;Martin et al., 1990). The strontiumvalues range between
45,052 and 202,938 ppmand the ratio Sr/Ca showed a complex pattern in
the top layer because of the presence of a turbidite. The stratigraphical
analyses suggested glacial sediments from the base to 72 cm, most likely
MIS 2, and Holocene sediments from 72 cm to the top (Fig. 11).

In core CARGC-28, a Holocene faunal assemblagewas observed based
on the presence of interglacial planktonic foraminifera and the absence
of Globorotalia menardii flexuosa. The last occurrence of the latter ap-
peared approximately 80 to 90 kyrs cal BP (Bolli and Saunders, 1985).
r/Ca ratio fromXRF core scanner, δ18O planktonic and interpretation of theMIS boundaries;
error are indicated in yrs cal BP along the Sr/Ca curve. Distinct variations in sediment input
er accumulation rates and lighter stable isotope values during interglacial time periods.



Fig. 10. Stratigraphy of core CARKS-20with A) lithology, grain-sizemedian, coccolith acme zones, Sr/Ca ratio fromXRF core scanner and interpretations of MIS boundaries. The three AMS
radiocarbon dates with their error are indicated in yrs cal BP along the Sr/Ca curve. Distinct variations in sediment input can be observed for glacial periods (cross-hatched intervals) and
interglacial intervals with higher accumulation rates and lighter stable isotope values during interglacial time periods.
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5. Discussion

5.1. Flooding periods with RSL N −6 m

The LBB lagoon is very shallow (water depth between 1 and 5 m),
except in the far northwestern part where the platform top deepens
to 6–12 m. The average water depth of the lagoon is less than 6 m
(Williams, 1985). The−6mbathymetric curvewas used in order to de-
fine the flooding periods based on RSL curves of Miller et al. (2011) and
Siddall et al. (2003; Fig. 12). The last flooding period was the most
constrained. For example, the limit of 6 m below modern sea level
corresponded to ~5 cal kyrs BP and 90% of the LBB was flooded around



Fig. 11. Stratigraphy of core CARKS-18 with A) lithology, grain-size median, coccolith acme zone, Sr/Ca ratio from XRF core scanner and interpretations of MIS boundaries. Grainstone in-
terval developed from the base to 72 cm likely duringMIS 2 andwackestone to packstone intervals developed from72 cm to the top theHolocene. The ratio Sr/Ca shows a complex pattern
on the top unit which is related to the turbidite and not to a stratigraphical signal.
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4 cal kyrs BP (Droxler et al., 1983). In this study, the basal limit for the
last flooding period given by the 14C age on core CARKS-20 at 60 cm at
4.427 ± 30 cal kyrs BP was used.

Throughout the last 424 ka, three major flooding periods exceeding
6mwater depthwere defined based on the aforementioned RSL curves.
These periods coincidedwith specific time intervals duringMIS 1,MIS 5
and MIS 11 (orange areas in Fig. 12). These major flooding periods
matched those detected in cores GB1 and GB2 on Gran Bahama Island
(McNeill et al., 1998) and outcrops on New Providence Island (Aurell
et al., 1995). On the margin, an indurated block (CARG-27) was found
on the surface that was not covered by unlithified sediment andwas as-
sociated with high amplitude surface reflectors in the seismic profiles
(Fig. 4). This suggested that at present limited shallow carbonate sedi-
ments had accumulated on this part of the margin and that sediment
can be easily diagenetized. As only one samplewas taken, it was difficult
to generalize this observation. Further, this block could be related to
block failures from the shallower escarpment.

During the threemajor flooding periods, aragonite needles were the
main constituent of the sediments along the entirety of the slope with
only a few planktonic organisms present. These included foraminifera,
a few pteropods and rare coccoliths. Aragonite needles were likely de-
rived from the platform where abundant strontium-rich aragonite
needles have been observed (Neumann and Land, 1975). The flooding
periods showed sedimentation rates averaging ~17 cm/ka (Table 2)
with higher values found in core CARKS-20 (up to ~32 cm/ka during
MIS 5e). These high sedimentation rates observed along the core profile
were related to high carbonate production on the platform (Figs. 13A,
14A). Off-bank transport allowed a five to nine times higher accumula-
tion (Table 2) of fine-grained carbonate sediment (aragonite needles)
over the middle slope (CARKS-20/21) during periods when the bank-
top was flooded (12 to 23 cm/ka). This was substantially increase com-
pared to when the shallow top is exposed (1 to 4 cm/ka). In addition,
aragonite needles were transported off-bank and spread over the entire
slope (Fig. 13A). Over the last 424 ka, the three major flooding periods
represented a cumulated duration less than 25 ka (4.4 ka, 7 ka and
12 ka for MIS 1, MIS 5 andMIS 11, resp.). This indicated that maximum
production periods of shallow carbonate on the platform corresponded
to ca 6% of the time over the last 424 ka.

Off-bank transport processes are often used to explain the sedimen-
tation patterns along carbonate slope environments (e.g. Heath and
Mullins, 1984; Rendle et al., 2000; Rendle-Bühring and Reijmer, 2005;
Roth and Reijmer, 2005). On the LBB, present-day off-bank transport
of fine sediment occurs preferentially along leeward margins, i.e. on
the west and south sides of LBB (Hine and Neumann, 1977; Hine et al.,
1981a, 1981b). Results of this study showed that this off-bank transport
was also significant along the windward margin of LBB. Off-bank trans-
port thus corresponded to the sink of sediment-laden mesopycnal and
hyperpycnal platform-initiated water flows. These water flows reach
their density equilibrium depth (i.e. compensation depth), around a
maximum of 400–800 m water depth in the Bahamas (Wilson and
Roberts, 1992, 1995). A phenomenon called density cascading, which
includes an increase in shallow-water bank density (Wilson and
Roberts, 1992, 1995) can be triggered in both winter and summer
months. In winter, density cascading is driven by cold fronts
(Fernandez-Partegas and Mooers, 1975; Bosart and Schwartz, 1979;
Roberts et al., 1982) and in summer by intense heating and evaporation
associatedwith storms (Dill and Steinen, 1988; Shinn et al., 1993).Mon-
itoring of sediment traps shows that these dense platform flows can
spread easily over 20 km (Hickey et al., 2000), and potentially over
50 km (Pilskaln et al., 1989), covering the entire slope of the LBB Drift
(Fig. 13A). Fine-grained sediment settles rapidly to the adjacent slopes
(Boardman and Neumann, 1984; Pilskaln et al., 1989; Wilson and
Roberts, 1992), suggesting acceleration of sediment settling by aggrega-
tion with zooplankton fecal pellets (Boardman and Neumann, 1984) or
macro-aggregate formations with aragonite needles (Pilskaln et al.,
1989). Bottom currents influence the eastern side of the LBB Drift,
allowing the survival of coral mounds, but their influence is limited
during interglacial periods, preventing winnowing of fine-grained sedi-
ment and their dispersion by current over great distances. The high ac-
cumulation of periplatform oozes during these maxima of platform
flooding prevents circulation of interstitial waters through the sediment
that is essential for early stages of marine diagenesis commence
(Bathurst, 1975).

5.2. Interglacial periods with RSL between−6 m and ca−90 m

During most of the interglacial periods, RSL was not high enough to
flood the shallow-platform. However, when RSL was only 40 m lower
than the present-day sea level, shallow carbonate sediment production
was restricted to themargin rims of the present LBB (Fig. 13B, 14B). The
northwestern margin of LBB is a plateau-like structure located at about
−40 m (Fig. 4). This was previously observed in other seismic profiles
collected on the western side of the LBB Drift over a width of approxi-
mately 4 km (Hine and Neumann, 1977). The presence of Halimeda
plates and shallow-water benthic foraminifera in the indurated CARG-
27 block suggested shallow-water carbonate production on the margin
when the platform was exposed. Observations of such indurated
blocks with similar components (Halimeda sp.) were observed on
the cemented slope of Tongue of the Ocean (TOTO, Grammer and
Ginsburg, 1992; Grammer et al., 1993). The components and the
syndepositional cements were dated between 14,000 to 10,500 years
ago by radiocarbonmeasurements (Grammer andGinsburg, 1992), cor-
responding to the last interglacial periods before the onset of the major
flooding of MIS 1. Despite the deeper depth of the cemented slope of
TOTO (from ~120/130 at the base of the platform edge wall to 365 m
water depth), this results is consistentwith the hypothesis that produc-
tion and cementation occur on the LBB margin (at 20 to 40 m water
depth) when the shallow-water platform was not flooded.

During these interglacial periods corresponding to an exposed plat-
form, sediments observed along the northwestern LBB slope contained



Fig. 12. Log correlation between cores CARKS-18, MD99-2202, CARKS-20, CARKS-21 and relative sea-level curves fromMiller et al. (2011; black curve) and Siddall et al. (2003; red curve).
Sedimentation rates (S.R.) are added on the right side of the log for each core. Orange areas indicate flooding periods of LBB; white areas correspond to interglacial periods when LBBwas
emerged, and the blue areas are related to the glacial periods. Gray area indicates periodswith low sedimentation rates observed inCARKS-21withoutmajorflooding periods. In the case of
MD99-2202, stratigraphy of MD99-2202 may be biased before MIS 7 due to an erosional surface highlighted in Tournadour et al. (2015) so stratigraphic correlations before MIS 7 were
highlighted by the symbol “?”.

224 L. Chabaud et al. / Marine Geology 378 (2016) 213–229



Table 2
Average sedimentation rates (cm/ka) for the different cores through time. It should be
noted that sedimentation rates during theflooding periods ofMIS 1may be slightly biased
because it is still flooded, and sedimentation in core CARKS-18 has been perturbed by tur-
bidity currents (Fig. 3). As MIS 7 and MIS 9 are not flooded during a period enough long
and RSL was not enough high, limit between flooding and exposed interglacial periods
could not be separated.

Average sedimentation rates
(cm/ka) CARKS-18 MD99-2202 CARKS-20 CARKS-21

Flooding interglacial periods
(RSL N 6 m) 16 18 23 12
MIS 1 ≥16 ≥7 ≥14 ≥11
MIS 5e – 28 32 13
MIS 11 – – – 10

>Exposed interglacial periods
(90 b RSL b 6 m) 0.5 10 4 3
MIS 1 0.5 2 3 6
MIS 5a–d – 1 2 0.8
MIS 7 – 10 7 2
MIS 9 – – 4 2
MIS 11 – – – 4

Exposed glacial periods
(RSL b 90 m) 0.4 4 1 1
MIS 2–4 ≥0.4 3 1 0.7
MIS 6 – 2 2 0.9
MIS 8 – 2 0.6 0.5
MIS 10 – – 1 2

*Indicates values to take with caution. In the case of CARKS-18, because the unit corre-
sponding to the MIS 2–4 sediment is not complete, so the sedimentation rate given for
the MIS 2–4 is a minimum. In the case of MD99-2202, stratigraphy of MD99-2202 may
be biased before MIS 7 due to an erosional surface highlighted in Tournadour et al.
(2015) so sedimentation values from MIS 8 to MIS 10 are not indicated.
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a larger number of planktonic foraminifera and pteropods that were
mixed with aragonite needles and coccoliths. The sediment supply
was reduced and sedimentation rates dropped to less than 4 cm/ka on
average during these interglacial periods. Despite no major flooding
during MIS 7, sedimentation rates for CARKS-20 were similar to those
calculated for MIS 5 (Table 2). The latter is explained by differences in
RSL fluctuations between MIS 5 and MIS 7. During MIS 5, RSL was char-
acterized by one long period (~7 ka) with a very high sea level (more
than −6 m) whereas during MIS 7 RSL was potentially characterized
by 3 short periods (~1 ka each) with a high sea level (more than
−6 m) according to the RSL curve of Siddall et al. (2003). The RSL
curve of Miller et al. (2011) is different than that of Siddall et al.
(2003), however it still suggested that duringMIS 7 a relatively long pe-
riod of time (~22 ka) RSL exceeded −40 m. It is likely that the 4 km
wide plateau surrounding parts of LBB has provided a surface large
enough to allow an active shallow carbonate sediment production
that accumulated on the margin of the LBB during MIS 7. This
shallow-water carbonate sediment production may be the source of
the aragonite on the slope during periods of platform exposure
(Boardman and Neumann, 1984), such as during MIS 5a–d. The same
observation could be made for MIS 9 but only in core MD99-2202
which showed very high sedimentation rates (~25 cm/ka). It should
be noted that stratigraphy of MD99-2202 may be biased before MIS 6
because of the presence of an erosion surface (Tournadour et al.,
2015). RSL amplitudes during MIS 9 differ between the curve of Miller
et al. (2011) and Siddall et al. (2003). Both studies agree that RSL
must have been higher than −40 m for a relatively long period of
time (~25 ka), which could allow shallow carbonate production on
the margin of the LBB (Fig. 13B).

This restricted shallow carbonate sediment production most likely
resulted in a reduced off-bank transport (Fig. 13B). Our study suggested
that off-bank transport processes are the major sedimentary processes
during these periods although the shallow carbonate production is lim-
ited to the plateau-like structure. Mixing between these bank-derived
sediments and planktonic organisms, e.g. planktonic foraminifera,
coccoliths and pteropods, explains the type of sedimentation observed
(Figs. 13B, 14B). The velocity of the Antilles Currentmay not have varied
drastically throughout the interglacial periods but its current cores
(associated with highest velocities) likely deepened as the sea-level
fell (Figs. 13B, 14B).

5.3. Glacial periods with RSL b ca−90 m and contourite sequences

Along the middle slope (~800mwater depth), sediments deposited
during glacial periods corresponded to sediments (wackestone to
packstone) coarser than those deposited during interglacial periods
(Figs. 7, 8). These results ensured relationship between grain-size vari-
ations and glacial-interglacial cyclicity, which has been previously ob-
served in cores located on the leeward and windward sides of GBB
(Rendle et al., 2000; Rendle-Bühring and Reijmer, 2005). The coarser
glacial sediments in both cores were characterized by thoroughly
bioturbated sequences showing a coarsening-up unit followed by a
fining-up unit (Figs. 7, 8). The increase of planktonic foraminifera and
pteropods explained the coarsening-up trend of the unit. Fine-grained
particles (b10 μm) represented less than 30% and sometimes less than
20%, and were mainly constituted by coccoliths mixed with aragonite
needles and blades (Fig. 5E). Sedimentation rates dropped to less than
1 cm/ka in the studied cores, forming condensed intervals.

The observed depositional trends corresponded to the bigradational
sequence of contourite defined by Gonthier et al. (1984). These coarse-
grained contourites deposited during glacial periods developed as a re-
sult of increased winnowing of fine-grained particles by bottom cur-
rents (Fig. 13C). This observation suggested the influence of stronger
bottom currents at 800 m water depth. This is thought to originate
from the Antilles Current, which is a wind-driven current that may be
strengthened during glacial periods, similar to what happened in the
Straits of Florida (Brunner, 1975). In siliciclastic contourite depositional
systems, where sedimentation rates during glacial periods were higher
than during interglacial time periods, contourite sequences were
described with millennial-scale variability related to the Dansgaard–
Oeschger cyclicity (e.g. Llave et al., 2006; Voelker et al., 2006;
Toucanne et al., 2012). Themain difference between siliciclastic and car-
bonate contourite drifts was that this unique carbonate contourite
sequence was very condensed (decimeter to meter scale) with very
low sedimentation rates over the entire glacial period. However, typical
diagnostic features of contourites such as grain-size distribution or bio-
turbation seem to be the same in both carbonate and siliciclastic
deposits.

The contourite sequences were only observed along the middle
slope suggesting maximum current velocities at approximately 600–
800 m water depth during glacial periods, current velocities that were
sufficiently high to sort sediments (Fig. 13C).

On the upper slope, glacial periods were characterized by grainstone
deposition with foraminiferal sand and indurated nodules (i.e.
cemented debris). The foraminiferal sand consisted of unbroken tests
of planktonic foraminifera and some pteropods. The indurated nodules
consisted of indurated micrite with hints of planktonic organisms. The
nodules were interpreted as the result of increased carbonate cementa-
tion due to early stages of seafloor diagenesis. Similarly, on the western
slope of GBB, well-lithified intervals (i.e. hardgrounds) were found al-
most exclusively within glacial intervals, when sedimentation rates
were low, and interpreted to have formed on or close to the seafloor
(at 308 and 437 m water depth; Malone et al., 2001). During glacial
periods, the main sediment sources were low-Mg calcite-dominated
sediment producers (e.g. coccoliths, planktonic foraminifera), which
are less prone to early diagenetic processes while calcite is more stable
than aragonite (Bathurst, 1975; Mullins et al., 1985). Hence, the diage-
netic potential (Heath and Mullins, 1984) of the periplatform ooze
was lower during glacial periods. Early marine cementation was likely
related to two processes increasing the porosity of the sediment that
acts simultaneously during glacial periods. First, it is thought that the
decrease of sediment supply, especially fine-grained particles such as
the aragonite needles, is the catalyst to initiate cementation. This



Fig. 13. Schematic diagrams illustrating the three different sedimentation patterns along the LBBperiplatformdrift over the last 450 ka:A)periods ofmajorfloodingof LBBwith RSL around
−6 m; shallow-water platform shows full sediment export; B) interglacial periods with partially emerged LBB and RSL around−30 m; shallow-water platform shows limited sediment
export; and C) glacial periods with emerged LBB and RSL around −120 m; shallow-water platform is exposed and shows no sediment export. Deposit thickness is not to scale, but they
indicate the general trend observed in the accumulation rates.
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carbonate supply decrease is related to the sea-level fall and the reduc-
tion of the surface of shallow carbonate production to a narrow part of
the photosynthetic zone on the uppermost slope. Second, the increase
of the Antilles Current velocity related to the winnowing of the fine-
grained sediments during glacial periods should not be downplayed.
In both cases, higher porosity and lower sedimentation rates enhance
circulation of interstitialwaters through the sediment allowingmore in-
tense chemical, physical and biological reactions to take place that may
stimulate cementation, and hence the formation of the indurated
nodules (Bathurst, 1975).

The margin (b−40mwater depth) was completely exposed during
glacial periods, aswas the entire platform (Figs. 13C, 14C). The presence
of moldic pores on the surface of the indurated block of CARG-27
(Fig. 5A) indicated a partial dissolution of it, a process that may occur
at a time when the margin was exposed, so most likely during glacial
periods. No data were collected from the uppermost slope covering
the glacial interval due to bad penetration of CARG-28. However, it is
suggested that on the upper slope, hard ground may be formed, similar
to the eastern region of the study area (Mullins et al., 1984).
6. Conclusions

Results of this study showed that the sediment wedge of the north-
ern LBB slope displayed the characteristics of a periplatform drift. The
modern morphology of the LBB Drift corresponded to a zone affected
by weak currents as described by the model of Betzler et al. (2014).
This periplatform drifts was characterized by: 1) the vast input of
carbonate sediment during highstands in sea-level, which export pref-
erentially to the leeward side of the platform and, 2) the merging of
the Antilles Current with the Florida Current, which shapes the
northward-plastered contourite drift. However, the influence of these
currents was probably limited to sediment redistribution processes
during interglacial periods whereas it reworked the sediments from
the entire slope during glacial periods. Further investigation is warrant-
ed to determine if the term “periplatform drift”may be used in past en-
vironment because it is difficult to morphologically highlight the
influence of the current on the periplatform wedge with seismic tools.

Sedimentation variability along the slope, and through time during
the last 424 ka showed three main periods: (i) the major flooding of



Fig. 14. Sketch with theoretical extension of shallow carbonate production and sediment deposition on LBB and its west northern slope for: A) flooding interglacial periods with
RSL N −6 m; B) interglacial period with RSL around 30 m; and C) glacial periods with RSL N −120 m. Red dots correspond to marines cores used in this study. Isobaths are drawn
after the General Bathymetric Chart of the Oceans (GEBCO, 2014) data set. As their resolution is 112 m, the−40 m isobaths delimit the platform for the margin and is drawn according
to seismic profiles data (Hine and Neumann, 1977). Red arrows mark the direction of the main ocean currents.
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LBB in interglacial periods, (ii) the interglacial periods with the partial
emersion of the platform, and (iii) the glacial periods in which the sed-
imentation patterns differed in the uppermost (b300 m water depth),
the upper (300–650 m water depth), and the middle slopes (650–
800 m water depth). These differences in the sedimentation patterns
were found to be the following:

1) Off-bank transport was the major sedimentary process during pe-
riods of major flooding of LBB. This allowed export of coarse bank-
derived organisms and clasts (shallow benthic foraminifera,
Halimeda plates, and likely pellets) toward the uppermost slope
and of fine-grained particles (aragonite needles) over larger dis-
tances (up to 50 km). This leads to high accumulation rates along
the entire drift (average ~17 cm/ka). Along the upper and middle
slopes, the aragonite needles mixed with planktonic organisms
(planktonic foraminifera, coccoliths, and pteropods) to form a typi-
cal, fine-grained periplatform ooze.

2) Low sea-level interglacial periods (onset of MIS 1, MIS 5a–d, MIS 7,
MIS 9) in which the shallow-water portion of the platform was
emerged, corresponded to limited shallow-water carbonate produc-
tion and reduced sediment export toward the slope. When the rela-
tive sea level was above−40m present bathymetry, shallow-water
carbonate production was promoted over the 4-km large plateau-
like structure and sediment was exported to the slope along
preferential pathways.

3) Glacial periods and corresponding sea-level lowstands lead to expo-
sure of the platform and drastic reduction of shallow-water carbon-
ate production. Current-related deposits dominated during glacial
periods along the northern Bahamas slopes over the last 424 ka.
Along the upper slope, early marine cementation promoted the for-
mation of nodules through mainly a decrease in sediment input and
possibly the winnowing of fine-grained sediments by a stronger
glacial Antilles Current. Along the middle slope, the Antilles Current
transported sufficient nutrients to favor the development along the
north-western part of LBB slope of cold-water coral mounds at
water depths between 600 and 800m. Between these coralmounds,
the sediments consisted of coarser-grained periplatform ooze
deposits that were characterized by thoroughly bioturbated
bigradational sequences with a coarsening-up unit followed by a
fining-up unit. This typical contourite sequence is known from
siliciclastic deposits, and resulted from the increased winnowing of
the fine-grained particles by bottom currents.
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