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ARTICLE INFO ABSTRACT

Editor: Michele Rebesco Small-scale contourite drift is an important component of continental margins that can record information about
complex oceanographic processes. The Belgica Mound Drift is one example of a small-scale contourite drift. It is
formed under the influence of cold-water coral (CWC) mounds and represents one of the most distal contouritic
expressions influenced by the Mediterranean Outflow Water (MOW) in the NE Atlantic Ocean. Three distinct
evolutionary stages have been identified from new high-resolution pseudo-3D reflection seismic data, each
associated with a significant change in paleoceanography, affecting both bottom-current intensity and sediment
input. The pre-drift stage (Pliocene-Early Pleistocene) corresponds to the regional RD1 erosive event, which was
caused by the reintroduction of the MOW in the Porcupine Seabight, creating a distinct paleotopography that will
influence all ensuing sedimentary processes. The second stage (Early Pleistocene-Middle Pleistocene) is the
contourite drift inception in two distinct centres of growth, strongly steered by topographic obstacles such as the
CWC mounds. During the third and final stage (Middle Pleistocene—present day), the contourite drift is developed
under a more stable but less dynamic environment, characterised by more continuous and mounded aggrada-
tional stratification. The final stage of the contourite drift is related to the Middle Pleistocene Transition, with a
spatially variable reduction in the MOW-related bottom currents and sediment input. The spatial and temporal
evolution of this drift shows that its present-day morphology is controlled by the location of initial growth.
Evolving moat morphology indicates that the intensity of the bottom currents generally increases during the drift
evolution.

This research presents a crucial paradigm for advancing our knowledge of elucidating the complexities of
smaller-sized contourite systems in diverse oceanic environments.
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1. Introduction

Contourites are deep-sea sedimentary deposits formed under the
influence of persistent bottom currents caused by numerous oceano-
graphic processes (Stow et al., 2002; Rebesco, 2005; Rebesco et al.,
2014). Their study highlights the past environmental conditions under
which the sediment has been deposited and the different factors gov-
erning their formation, such as the sediment supply and bottom-current
intensity (Mulder et al., 2013; Rebesco et al., 2014). Numerous large-
scale contourite drifts, with a size range from 100 to 100,000 km?,
have been identified in the North Atlantic Ocean (Faugeres et al., 1993,
1999) and especially on the western side of the Atlantic Ocean (Faugeres
et al., 1999; Rebesco et al., 2014). These drifts are principally related to
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the deep thermohaline circulation. Because of their large size and rela-
tion with large current systems, those drifts are easily identifiable on
bathymetric and regional 2D seismic data and have often been closely
observed and examined (Rebesco et al., 2014).

Conversely, smaller-scale drifts (c. 100 km?; Faugeres et al., 1993,
1999) are not always easy to encounter or identify due to their size or
because of a poorly known dynamic oceanography. High- to very high-
resolution seismic and bathymetric surveys already allowed the obser-
vation and identification of such smaller drifts, e.g., in fjord environ-
ments (Wils et al., 2021), in the Santaren Channel (Liidmann et al.,
2016), in the Lago Cardiel basin (Gilli et al., 2005), along the Norwegian
continental slope (Rebesco et al., 2013), in the South China Sea (Li et al.,
2013) and along the Moroccan margin (Vandorpe et al., 2023). Those
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small-scale drifts tend to reflect local processes that are more complex,
such as internal waves, tides and bathymetric obstacles that can locally
accentuate the bottom currents responsible for the formation of the drift
(Rice et al., 1991; De Mol et al., 2002; Van Rooij et al., 2010; Rebesco
et al., 2014). Even though large-scale contourite drifts are common and
well-known across the world, from abyssal plains to continental mar-
gins, there are currently no unambiguous diagnostic criteria for smaller-
scale contourite drifts (Rebesco et al., 2014; Van Rooij et al., 2016;
Rodrigues et al., 2022). By defining those diagnostic criteria, it may be
possible to distinguish small-scale contourite drifts from other deposits,
which would consequently help to comprehend the origin and evolution
of those drifts. Advances in investigation methods, such as very high-
resolution geophysics on smaller-scale contourite drifts and the collec-
tion of high-quality data, might allow for fine-tuning their diagnostic
potential in the future.

Additionally, there are several examples of small-scale contourite
drifts associated with deep-water obstacles, such as cold-water coral
(CWC) mounds (Van Rooij et al., 2007; Hanebuth et al., 2015; Hebbeln
et al., 2016). Those obstacles (and others) locally modify the path of the
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bottom currents, intensifying their strength and assisting in local con-
tourite depositional processes. The co-existence of CWC mounds and
contourite drifts is widespread along the eastern Atlantic margin,
ranging from the Moroccan (Vandorpe et al., 2016) to the Irish margins
(Van Rooij et al., 2007), as well as in the Alboran Sea and on the Mexican
margin (Hebbeln et al., 2016). Most of those CWC mounds are correlated
to intermediate water masses (Henry et al., 2014), such as the Medi-
terranean Outflow Water (MOW), as they rely on the strong hydrody-
namic regime induced by internal waves occurring at the interfaces with
other water masses (De Mol et al., 2002; Hernandez-Molina et al., 2011;
Hebbeln et al., 2016). This, in turn, creates nepheloid layers that facil-
itate the supply of sediment and food particles (Hebbeln et al., 2016).
This could explain why the corals and the contourite drifts are
frequently found side-by-side from 200 to 1000 m of water depth, as the
distribution of the CWC mounds is more restricted, extending from
shallow to intermediate water depths (1000 m) (Viana et al., 2007;
Hebbeln et al., 2016).

One of the most notable examples of co-evolution between CWC
mounds and contourites, triggered by the presence of the MOW, is

Water de;‘)"'t‘h,:

Fig. 1. Bathymetric map of the study area (blue dot in the upper left corner inset) in the Porcupine Seabight, offshore Ireland (adapted from 25 m resolution data
from INFOMAR, 2023). The green and yellow arrows represent the intermediate water mass circulation of Eastern North Atlantic Water (ENAW) and Mediterranean
Outflow Water (MOW), respectively (upper left corner inset; based on Dullo et al., 2008). The white lines in the main figure represent the seismic lines, whereas the
black lines represent the lines shown as figures (Figs. 5-8). The yellow line is seismic line P980521 (Fig. 2). The red line represents the salinity cross-section (Fig. 3).
The IODP Exp. 307 coring sites (U1316, U1317 and U1318) are circled in red. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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located in the Porcupine Seabight, offshore Ireland (Hovland et al.,
1994; Henriet et al., 1998; De Mol et al., 2002). Those coral communities
are composed of Lophelia pertusa and Madrepora oculata (De Mol et al.,
2002), which are deep-sea framework-building corals settling on hard
substratum and under vigorous bottom currents (Freiwald et al., 1999;
Hebbeln et al., 2016). Based upon the initial seismic stratigraphic
studies by Henriet et al. (1998), De Mol et al. (2002), Huvenne et al.
(2003) and Van Rooij et al. (2003), the Belgica Mound Province (BMP)
and more particularly the Challenger Mound and its surroundings were
drilled during IODP Exp. 307 (Ferdelman et al., 2006). The Challenger
Mound is located adjacent to a confined contourite drift of around 40
ka, earlier identified by Van Rooij et al. (2003, 2007) (Fig. 1). The
contemporary seismic network was too sparsely spaced to allow any
detailed insight into the architecture and evolution of this contourite
drift. This necessary insight into its spatial and temporal growth is now
made possible by the acquisition of a new densely spaced high-
resolution seismic dataset. Due to its particular importance for this
paper, we refer to this as the Belgica Mound Drift due to its association
with the Belgica CWC mounds.

The initial local seismic stratigraphy, defined by Van Rooij et al.
(2003), was ground-truthed during IODP Exp. 307, providing a reliable
chronostratigraphy (Kano et al., 2007; Louwye et al., 2008), which was
linked to the phases of the CWC mound growth (Huvenne et al., 2009).
Nevertheless, the spatial correlation between the actual main body of
this drift and the IODP sites was based on sparse seismic data (Fig. 2).
IODP site U1318 also did not drill the full record of the contourite drift
sequence; only the youngest strata were recovered (Fig. 2). However, the
IODP results reported a hiatus of 6 My at site U1318 before the onset of
the drift deposition (Kano et al., 2007; Louwye et al., 2008). Since the
oldest part of the contourite sequence had not been drilled, the exact
onset and extent of this hiatus required re-evaluation. However, at that
time, the constraints on the MOW evolution and dynamics were not as
well understood as they are now. IODP Exp. 339 in the Gulf of Cadiz
(Stow et al., 2013) clearly highlighted the MOW as a key actor in the
genesis of several contourite depositional systems (CDS) along the
eastern Atlantic continental margin. The work of Hernandez-Molina
et al. (2006, 2011, 2014) in the Gulf of Cadiz, Hanebuth et al. (2015) at
the Galicia Bank, Hernandez-Molina et al. (2011) and Collart et al.
(2018) at the Ortegal CDS, FErcilla et al. (2008), Van Rooij et al. (2010)
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and Liu et al. (2020) at the Le Danois CDS and Delivet et al. (2016) at the
Goban Spur, respectively presented from a proximal to a distal MOW,
delivered new insights into the temporal and lateral variability of this
intermediate water mass along the NW European margin and its effects
on local bottom-current dynamics. The Cadiz CDS is directly related to
the thermohaline circulation and a proximal MOW, whereas in the case
of the smaller-scale CDS, located further along the NW European
margin, a more distal MOW induces internal waves and tides caused by
the interaction with topography, locally enhancing bottom-current
intensities.

The investigation of lesser-known small-scale contourite drifts is
essential for the future development of diagnostic criteria. Their study is
also crucial to consider since it may record local past environmental
conditions under which the sediment has been deposited and reworked
in various settings, such as continental margins, lakes and fjords.
Therefore, this study aims (1) to revise and investigate with greater
resolution the previous seismic stratigraphy of the most recent units in
the area (Van Rooij et al., 2003, 2009; Huvenne et al., 2009), i.e., the
Belgica Mound Drift and the CWC mounds, and to better define the
seismic architecture of this confined contourite drift; (2) to refine, in
very high-resolution pseudo-3D seismic data, the temporal and spatial
variability of this confined contourite drift adjacent to the CWC mounds
in order to gain more insight into the contemporary sediment dynamic
regime; (3) to correlate the revised and updated Quaternary evolution of
the Belgica Mound Drift to the IODP Exp. 307 chronostratigraphy; (4) to
evaluate the co-evolution between the Belgica Mound Drift and CWC
mounds, starting with the hypothesis of Huvenne et al. (2009) that the
mounds were fully grown before the onset of the drift deposition; and (5)
to assess the effects of the MOW in one of its most distal contouritic
expressions within the eastern Atlantic Ocean.

2. Regional setting
2.1. Geography and geology

The Porcupine Seabight is a large basin (320 x 240 km) with a N—S
trend on the western margin of the Irish Shelf, 200 km west of Ireland

(Fig. 1). Water depths vary from 350 m in the northern part to 3000 m in
the southwest (Naylor and Shannon, 1982). This basin is bounded to the
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Fig. 2. Seismic profile P980521 (location: Fig. 1) was already studied by Van Rooij et al. (2003, 2007) and used in the framework of IODP Exp. 307 (Ferdelman et al.,
2006). The red vertical lines represent the three coring sites defined with the aim of recovering the seismic units previously identified by Van Rooij et al. (2003),
including the drift unit Ul in red. The dashed lines are the boundaries (regional discontinuities RD1 and RD2) between seismic units Ul, U2 and U3. Their
approximative ages are based on Ferdelman et al. (2006). The geological dates around IODP site U1317 (Challenger Mound) are from Huvenne et al. (2009). The ages
at IODP site U1318 are from Kano et al. (2007). This profile gives us a better view of the hiatus of missing drift deposits at IODP site U1318 (red horizon in U1). The
figure also shows the position of the dynamic interface between Eastern North Atlantic Water (ENAW) and Mediterranean Outflow Water (MOW) in the study area.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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north by the Slyne Ridge and Porcupine Bank, to the east by the Irish
Mainland Shelf and to the west by the Porcupine Ridge (Fig. 1). In the
southwest, it opens out into the Porcupine Abyssal Plain (4000 m of
water depth) (Naylor and Shannon, 1982).

The bathymetry of the Porcupine Seabight shows the complexity of
the underlying geology with a Middle to Late Jurassic failed rift and
features composed of Precambrian rocks, deformed Upper Paleozoic
strata, Mesozoic strata and a Cenozoic sediment cover on top (Naylor
and Shannon, 1982). It corresponds to a deep sedimentary trough, i.e.,
the Porcupine Basin, fault-bounded on its western and eastern margins
and filled with post-rift sediments with thicknesses of up to 10 km at
their centre (Naylor and Shannon, 1982). The evolution of the basin is
directly related to the opening of the North Atlantic Ocean (Johnston
et al.,, 2001) with an episodic crustal extension during the Permo—-
Triassic to Early Cretaceous times (Croker and Shannon, 1995;
McDonnell and Shannon, 2001), followed by an extensive phase during
the Late Jurassic to Early Cretaceous (Johnston et al., 2001; McDonnell
and Shannon, 2001). Thermal subsidence occurred afterwards and
created an accommodation space for the Late Cretaceous and Cenozoic
sediments (McDonnell and Shannon, 2001).

Several margin-wide unconformities have been identified and
correlated through stratigraphic and sedimentary comparisons of the
Cenozoic evolution of the Porcupine and Rockall basins (McDonnell and
Shannon, 2001). Within the Neogene, two major unconformities are
relevant for this study. The Early Miocene C20 unconformity was caused
by a sea level fall related to the last pulses of the Alpine Orogeny
(McDonnell and Shannon, 2001). This unconformity has been identified
by Van Rooij et al. (2003) on high-resolution seismic profiles as a
regional discontinuity RD2 occurring in the lower Middle Miocene in the
BMP (Fig. 2). This regional discontinuity separates seismic stratigraphic
units U3 and U2 (Van Rooij et al., 2003). Within unit U3, the local
occurrence of upslope migrating sigmoidal deposits already suggests the
presence of intensified bottom currents (Van Rooij et al., 2003). Unit U2,
characterised by acoustically transparent facies, was deposited over the
entire area (Van Rooij et al., 2003) and has a homogenous composition
with silty clays of a Late Miocene age (Kano et al., 2007; Louwye et al.,
2008).

The Early Pliocene C10 unconformity, observed by Stoker et al.
(2001, 2005) along the NW European Atlantic margin, is related to the
onset of global cooling and Northern European glaciation. Van Rooij
et al. (2003) correlated this to a rather intra-Pliocene regional discon-
tinuity RD1 in the Porcupine Seabight. Several provinces of the CWC
coral mounds were also recognised along the northern and eastern
slopes of the Porcupine Seabight (De Mol et al., 2002), all rooted upon
this RD1 unconformity and associated with relatively strong bottom
currents (Van Rooij et al., 2003; Huvenne et al., 2009). Especially in the
BMP, along the eastern slope, this has created a typical small-scale
contourite depositional system, corresponding to the youngest unit Ul
(Van Rooij et al., 2003).
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2.2. Hydrographic setting

The present-day water mass stratification related to the Belgica
Mound Drift (Figs. 2, 3) shows a seasonal thermocline at a depth of 50 to
70 m (White, 2007). On average, between 0 and 600 m of water depth,
the Eastern North Atlantic Water (ENAW), a warm (9.5-12 °C) and sa-
line (35.47-35.6) water mass, can be observed (New et al., 2001; Rice
et al., 1991; White, 2007; Dullo et al., 2008). A permanent pycnocline
separates the ENAW and the MOW at a depth of approximately 700 m
(Pingree and Le Cann, 1990; Rice et al., 1991; White, 2007). A salinity
maximum is observed between 800 and 1000 m of water depth and
corresponds to the MOW, associated with salinity and temperature
ranges of 35.47-35.55 and 8-9.5 °C, respectively (Dullo et al., 2008).
The studied seafloor section ranges from 500 to 900 m of water depth
and thus correlates to the interface between the ENAW and the MOW
(Figs. 2, 3). The main water mass circulation in the present and the past
has thus been influenced by the MOW.

The MOW has been active since the end of the Messinian salinity
crisis (Khélifi et al., 2009). Since the lower Pliocene, with the start of
glacial-interglacial cycles and the onset of the present-day current cir-
culation regime, the MOW has been engaged in the development of
contourite drifts and CDSs at intermediate water depths all over the NE
Atlantic margin (Khélifi et al., 2009, 2014), from the Gibraltar Strait to
the north of the Porcupine Bank (lorga and Lozier, 1999; van Aken,
2000; McCartney and Mauritzen, 2001). The glacial-interglacial cycles
had an impact on the establishment of the modern North Atlantic
stratification and the deep-water circulation by changing the production
and pathways of water masses, including the MOW (Stow, 1982; Pear-
son and Jenkins, 1986). The contourite drifts deposited along the NW
European margin thus form sedimentary records of the palaeoceano-
graphic evolution of the MOW (Van Rooij et al., 2007; Ercilla et al.,
2008; Garcia et al., 2016; Hernandez-Molina et al., 2016; Liu et al.,
2020). Its reintroduction in the Porcupine Seabight within the course of
the Pliocene is thought to be the origin of RD1 (Van Rooij et al., 2003,
2009).

According to White (2001), the general sea surface circulation in the
Porcupine Seabight is cyclonic and influenced by two circulation sys-
tems: the North Atlantic Current and the Eastern Boundary Current, with
at its upper levels the shelf-edge current (SEC), which is a northward-
flowing slope current (Pingree and Le Cann, 1989). The SEC carries
the upper part of the ENAW northwards along the NE Atlantic margin
(New et al., 2001; Rice et al., 1991; White, 2007). The Eastern Boundary
Current can be observed near the seafloor, with persistent and along-
slope bottom currents that are stronger closer to the seafloor (White,
2001). In addition to this general cyclonic circulation, there are local
variations in the direction and speed of those bottom currents on the
eastern flank of the Porcupine Seabight and around the depth of the
study area (Figs. 2, 3). These variations are caused by a number of
processes, including the strong semidiurnal to diurnal tides with a sea-
sonal response (Pingree and Le Cann, 1989, 1990; Rice et al., 1991). The
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Fig. 3. Salinity-versus-depth cross-section located over the study area (location: Fig. 1), based on CTD data (black arrows) from the World Ocean Database (Boyer
et al., 2018). The profile was produced using Ocean Data View (Schlitzer, 2021). ENAW and MOW, respectively, stand for Eastern North Atlantic Water and

Mediterranean Outflow Water.
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local intensification of the bottom currents is related to internal wave
resonance and enhanced diurnal baroclinic tides occurring at the
ENAW-MOW pycnocline (Pingree and Le Cann, 1989, 1990; Rice et al.,
1991; White, 2007).

3. Materials and methods

The Belgica Mound Drift, 10 km long and 8 km wide (Fig. 1), has
been covered by a large network of 1500 km high-resolution single-
channel seismic reflection profiles obtained throughout several surveys
with RV Belgica from 1997 to 2018 (Van Rooij et al., 2003, 2007). This
“legacy” dataset was used to plan a seismic survey with higher-density
line spacing covering 50 km? located at 460-900 m of water depth
over the study area (Fig. 1). This was carried out during the RV Belgica
2019 survey using a SIG sparker source and a single-channel SIG surface
streamer. This new dataset yielded 44 high-resolution seismic profiles,
from 5 to 10 km in length, spaced between 0.125 and 0.25 nautical miles
(nm) in the WSW-ENE direction and between 0.25 and 0.5 nm in the
NNW-SSE direction, and is characterised by a vertical resolution of 1.5
m.

During this survey, the seismic source was fired every 2 s at 600 J
with a record length of 2.7 s TWT, allowing a penetration depth of
around 400 m under the seafloor. During the acquisition, the velocity of
the ship was maintained at around 3 knots. The data was digitised with
an iXblue Delph system at a sampling frequency of 8 kHz and recorded in
SEGY floating-point format. The data was processed in RadExPro
2016.3. Several filters were used on all processed lines: a burst noise
removal, a bandpass filter (on average, low-cut ramp of 100 to 150 Hz
and high-cut ramp of 1000 to 1500 Hz) and a swell filter. The visual-
isation and interpretation were carried out using S&P Global Kingdom
Geoscience software. The drift and the two major unconformities (RD1
and RD2) had been previously identified by Van Rooij et al. (2003,
2007) and confirmed by IODP Exp. 307 (Ferdelman et al., 2006). The
basic concepts of seismic stratigraphy (Mitchum et al., 1977; Badley,
1988) were applied for the identification and description of the spatial
and temporal evolution of the drift.
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The 25 m resolution-processed bathymetric data (Fig. 1) was made
available by INFOMAR (2023) and was used to realise the slope gradient
map with Global Mapper software. The combined use of the bathymetry,
the slope gradient and the seafloor reflections on the seismic profiles
(Fig. 1) assisted in the morphosedimentary mapping. The salinity data
(Fig. 3) is based on CTD data from the World Ocean Database (Boyer
et al., 2018) and was used for the identification of the water masses.
Fig. 3 was produced using Ocean Data View (Schlitzer, 2021).

4. Results
4.1. Morphosedimentary mapping

Although the eastern slope of the Porcupine Seabight has a relatively
constant and gentle slope of 1 to 2° towards the west (Fig. 4A), the
bathymetry is more variable on a smaller scale in the study area (Fig. 1).
Fig. 4B is a revised map of the bathymetric data of a slope-parallel
mounded, elongated (separated) and confined contourite drift (Van
Rooij et al., 2003), here called the Belgica Mound Drift. It is enclosed by
an escarpment, conical CWC mounds (Henriet et al., 1998; De Mol et al.,
2002) and moats.

The contourite drift partly overlaps with smaller and steeper CWC
mounds along its northern and western edges (Fig. 4B). It is 36 km? in
size and is located at 600-800 m water depth. This drift is roughly
elongated in the NNW-SSE direction and confined in the W-E direction.
Itis 10 km long and 2.5 to 4 km wide, with the widest part on average in
the south of the drift. In more detail, it can be separated into a northern
and a southern sector, characterised by a change from a respective N—S
and NW-SE orientation halfway along the length of the drift. A crest
running is visible alongside the 600 m contour line in the northern sector
and at 650 m depth in the southern sector. The slope east of the crest
corresponds to the average slope in the area, between 1 and 2° (Fig. 4A),
while towards the west, the slope is slightly steeper, up to 7°.

Along its eastern boundary, the southern sector of the drift, as well as
its moats, terminate against an escarpment (Fig. 4B). This escarpment
has a total length of 8 km (including 3.5 km inside the study area) with a
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Fig. 4. (A) Slope gradient map and (B) morphosedimentary map of the study area, based on bathymetric data (Fig. 1). The morphosedimentary map represents the
present-day surface expression of the drift, including moats and their maximal extension according to the ID1 horizon (Fig. 5).
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NW-SE orientation and a slope gradient between 3 and 11° (Fig. 4A),
bridging water depths of between 500 and 600 m.

The observed present-day moats (Fig. 4B) have a width between 200
and 650 m in the northern sector and 200 and 500 m in the southern
sector. They are typically about 5 m deep, the height difference being
measured with respect to the crest of the corresponding horizon of the
drift. However, the moat connected to the main escarpment is up to 20 m
deep and is significantly longer, up to 6.7 km. The second-longest moat
is related to a minor escarpment (3 km long) and is 20 m deep, located at
the eastern boundary of the northern sector (Fig. 4B). The smallest
moats have a length of about 300 m along the CWC mounds in the
northern sector. These moats generally feature an alongslope orientation
and are located either upslope of the CWC mounds (W) or downslope of
the escarpments (E). However, moats are not observed between the CWC
mounds, making it difficult to clearly delimit the boundaries of the drift
based on multibeam bathymetry alone, particularly on the NE side of the
northern sector. Furthermore, at the transition between the northern
and southern sectors, no moat has been observed on the eastern side
over a length of 1 km (Fig. 4B). Even along some of the CWC mounds,
moats may be absent, such as in the northernmost part of the drift
(Figs. 4B, 5). In the southernmost part, only one moat has been observed
in the vicinity of buried CWC mounds. The location of the southern moat
(Fig. 5) defines the southern limit of the drift.

Twenty-six elongated CWC mounds are spread out over and out of
the study area (Fig. 4B). They have an elongated asymmetric elliptic
footprint, mostly arranged in a SSE-NNW direction, lined up alongslope
on the western edge of the contourite drift, between 600 and 900 m of
water depth. More details on the general geometries were described by
De Mol et al. (2002). Whereas smaller mounds (typically 10 m high)
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form single conical structures, larger mounds (at least 500 m wide) are
seen to combine into clustered ridge structures. Twelve of those mounds
are directly spatially related to the sediment drift as they form the
western (Figs. 6-8) and northern (Fig. 5) boundaries of the drift, with
inferred slopes from 4 up to 25° (Fig. 4A). The steepest slopes have been
observed on the NW side of the mounds. Seven of the mounds (Fig. 4B),
especially in the northern sector, are partially outcropping downslope
and are buried upslope (Figs. 6-8) along the moats of the drift, while the
others are completely buried. The CWC mounds in the northern sector,
with a W-E elongation, are more closely spaced (400 to 550 m between
mounds), forming a tight barrier at the western side of the sediment
drift. The mounds located in the southern sector are more averagely
spaced (up to 1100 m between mounds) than in the northern sector and
have a N—S elongation.

One isolated feature with a length of 850 m (Fig. 4B), visible on the
eastern side of the northern sector of the drift, is completely buried
(Fig. 7) and forms on its western side a seemingly small but steep
escarpment, characterised by a slope of up to 16° (Fig. 4A) and between
580 and 660 m of water depth.

4.2. Seismic stratigraphy

The erosive event that created RD1 drastically changed the
contemporaneous seafloor topography by deeply cutting into older
strata (Fig. 5). It had a significant impact on the subsequent depositional
and erosive processes and thus on the formation of the contourite drift,
corresponding to the youngest unit Ul observed by Van Rooij et al.
(2003, 2007). Therefore, the seismic stratigraphic description will be
focused on the phases during and after the creation of this RD1 erosive
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discontinuity.
4.2.1. RD1 expression and morphology

The general morphology of the RD1 discontinuity in the study area,
in combination with the location of CWC mounds, forms a confined

“basin” paleosurface (Fig. 9A, E).

The RD1 discontinuity is an irregular erosive downslope-dipping
surface, characterised by deep incisions of up to 200 ms TWT into the
underlying units U2 and U3 (Figs. 5-8). Unit U2 is completely absent
downslope in the west due to erosion. A few remnants remain at the
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northernmost boundary of the study area (Fig. 5), whereas lower U2
remains preserved upslope in the east (Figs. 6-8). Along the eastern
boundary of the area, the thickness of U2 decreases from 150 to 0 ms
TWT. This has created a N—S escarpment with relatively steep flanks
that reach a maximum height of 200 ms TWT and a slope of approxi-
mately 15° on the eastern side of the study area (Figs. 6, 9A). The upper
part of unit U3 has also been eroded downslope, with predominant
erosion in the centre of the area (Fig. 5). Hence, this erosion created at
least the eastern flanks of the basin-shaped surface (Fig. 7). The northern
and specifically western limits are formed by the alignment of the CWC
mounds (Figs. 4, 9A).

These ellipsoidal to conical asymmetric mounds have a broad base
up to 1800 m wide and are rooted in alongslope trends on the RD1
unconformity on elevated topographic irregularities (Figs. 5, 7). They
are acoustically transparent without any clear internal reflections.
Diffraction hyperbolae conceal the true shape of the mounds, especially
their base and limits (Figs. 5-8). The size of the mounds decreases from
north to south, and their height above RD1 ranges between 35 and 175
ms TWT. Towards the southern part of the area, all mounds are buried
under a thin sedimentary cover of up to 20 ms TWT.

The combination of the RD1 paleotopography, including the CWC
mounds, is used for the construction of a paleobathymetric map from
this composite surface (Fig. 9A). For the objectives of this paper,
focusing mainly on the sediment dynamics leading to the deposition of
unit Ul, it is assumed that the CWC mounds were fully grown before the
deposition of unit Ul (Huvenne et al., 2009). This composite paleo-
topography basically forms a NNW-SSE artificial channel of 2 to 3 km
wide and 10 km long, with an average slope between 0 and 3°. Its flanks
on the east are about 200 ms TWT high, whereas its slopes range be-
tween 13 and 25° at the escarpments and between 6 and 16° in the
central area. The western flanks, delimited by CWC mounds, are, on
average, 150 ms TWT high with slopes of 20 to 30°. As such, this pre-U1
paleotopography may be considered a peculiar confined basin (or trap)
in which unit Ul was deposited.

4.2.2. Post-RD1 deposits
The contourite drift identified by Van Rooij et al. (2003) is formed by

unit U1 (Figs. 5-8), covering the entire study area and a part of the CWC
mounds. Its seismic facies are characterised by high-frequency, contin-
uous, sub-parallel to mounded reflections with mainly high but variable
amplitudes. On a smaller scale, there are various reflection
characteristics.

In general, the drift is thinning to the north, with a maximum
thickness of up to 250 ms TWT for the southern sector and 200 ms TWT
for the northern sector, respectively (Figs. 6, 9E). The maximum thick-
ness is located in the centre of the sectors. The minimum thickness is
reached at the extremities of the drift, either in the vicinity of the
mounds, near the escarpments, or in the northern part (from 0 to
100-150 ms TWT) (Fig. 9E).

Unit U1 can be subdivided into two sub-units, U1-2 and U1-1, based
on a marked difference in reflector configuration (Figs. 5-9). The
boundary between both sub-units has been set at the last visible minor
internal discontinuity (ID1). In general, the older sub-unit Ul-2 is
characterised by more chaotic, irregular reflectors and several minor
unconformities, whereas sub-unit U1-1 displays continuous, regular and
sub-parallel reflectors. Both sub-units have an overall upward convex
geometry, flanked by moats. The moats are well developed during the
deposition of Ul-2 and are progressively phased out within the sedi-
ments of Ul-1 (Figs. 5-8).

4.2.2.1. Sub-unit 1-2. Sub-unit U1-2 has been deposited directly upon
the RD1 erosional unconformity. The reflectors downlap on RD1 in the
centre of the deposit (Fig. 5) and on the eastern border (Fig. 6). They also
onlap on RD1 and the CWC mounds towards the edges of the drift. Sub-
unit U1-2 shows both mounded continuous and irregular reflectors with
high lateral variability and several minor unconformities (Fig. 5). The
maximum thickness of sub-unit Ul-2 is about 80 ms TWT. It is
composed of eight different smaller units, each with an average thick-
ness of 16 ms TWT, showing diverse acoustic facies with low, medium
and high amplitudes and frequencies (Table 1 in Supplementary ma-
terial). The stacking and stratigraphic relationship between these
smaller units allow for the three main growth phases to be distinguished.

The deposition of sub-unit U1-2 was initiated (Figs. 5, 9B) from two
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distinct centres of growth. One centre of growth is located in the
northern sector, with a length and width of 2.8 and 1.6 km, respectively,
at the end of the first phase. The other centre of growth is located within
the southern sector and has a respective length and width of 4.7 km and
2.2 km, displaying a more elongated shape in a NW-SE orientation. This
is in contrast to the northern centre, which does not display a clear
orientation and has a more circular shape. Both centres are separated
from each other by a non-depositional flat area (Fig. 9B). The southern
centre of growth is more developed than the northern one, with a thicker
sediment deposition of a maximum of 80 ms and 48 ms TWT, respec-
tively. This first phase mainly shows a progradational deposition with a
lateral filling of the basin for the northern centre of growth and in a more
dominant NW-SE direction for the southern centre of growth.

The second phase is delimited by two minor unconformities (Figs. 5,
9), which can be observed with the entire Belgica Mound Drift. They are
irregular in extent, and their style of incision is complex and spatially
variable. They cut 1 to 3 ms TWT deep and between 700 and 1000 m
wide with the first sub-unit U1-2 deposits at the edges of the drift
(Fig. 5). The second phase corresponds to a mixed period with pro-
gradational phases along the sides in the W-E direction. At the end of the
second phase, the northern and southern centres of growth were 3.2 km
long and 2.2 km wide and 4.5 km long and 2.4 km wide, respectively.

This was also accompanied by aggradational phases in the middle of the
centres of growth towards the N—S and NW-SE direction. The non-
depositional area in between the two centres of growth and identified
during the first phase has evolved into a concave-up moat. It was pro-
gressively filled by 48 ms TWT of sediment (Fig. 5). After that, the two
centres of growth were completely connected.

The last phase is mainly progradational (Fig. 9C) in the southern
centre of growth (4.7 km long and 2.7 km wide). It corresponds to a thin
deposit delimited by two minor unconformities, the top one being the
boundary between Ul-2 and Ul-1 (ID1), which has a conformable
character. This deposit is almost absent in the northern centre of the
growth, either by a lack of deposition or eroded by the ID1 event.
Reflection terminations indicate that ID1 is of erosional origin, and this
discontinuity can be mapped throughout the drift.

4.2.2.2. Sub-unit 1-1. Sub-unit Ul-1 is a well-stratified unit with
mounded continuous regular horizons inherited from the final U1-2
morphology at ID1 (Fig. 5). This unit has continuous seismic charac-
teristics throughout the entire drift and is deposited over the initial two
centres of growth (Fig. 9D). In sub-unit U1l-1, the two centres of growth
correspond to the northern and southern sectors. They are consequently
referred to as “sectors” in the next paragraphs. The maximum thickness
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of sub-unit Ul-1 amounts to 200 ms TWT. The difference in thickness
between the two sectors (Fig. 9D) in sub-unit Ul-1 is not as straight-
forward as in sub-unit U1-2 (Fig. 9B, C). Nevertheless, in sub-unit U1-1,
the southern sector features higher accumulation rates up to 200 ms
TWT, compared to the northern sector, up to 140 ms TWT, which is
demonstrated by the isopach maps of sub-unit U1-1 (Fig. 9D) as well as
of the entire unit U1 (Fig. 9E). Within sub-unit Ul-1, up to 10 smaller
cyclic sediment packages with an average thickness of 20 ms TWT can be
identified, based on their variable seismic facies, varying between low,
medium and high amplitudes and frequencies (Table 1 in Supple-
mentary material). At IODP site U1318, only the six top packages are
present (Fig. 2). There, and along the edges of the study area, sub-unit
Ul-1 is directly deposited on top of RD1 and progressively fills the
moats. This is in contrast to the centre of the basin, where sub-unit U1-1
directly covers U1-2, separated by ID1. Sub-unit U1-1 shows a downlap
configuration on RD1 in the west of the drift (Fig. 7) and in the east
(Fig. 6), whereas it shows an onlap on the CWC mounds and RD1 in the
west and north (Fig. 7). Still, within the morphology and depositional
architecture of sub-unit Ul-1, the two sectors of sub-unit U1-2 are re-
flected. Overall, sub-unit Ul-1 displays a progradational depositional
pattern near the moats in N—S and W-E directions and is aggradational
at the centre of the drifts (Fig. 5).

4.2.2.3. Moats. Conversely to the complex depositional patterns of sub-
unit U1-2, the rather uniform nature of the main body of sub-unit U1-1
does not hint at a chaotic depositional pattern indicating vigorous cur-
rents. Contrastingly, the evolution of its moats shows a more spatial and
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temporal variability. In order to better characterise this evolution, the
moat classification of Wilckens et al. (2023) is used based on several key
seismic profiles (Figs. 5-8).

The maximal extension of the moats at ID1 was between 150 and
1000 m wide. At the onset of sub-unit Ul-2, the moats were either
exclusively concave-up (western moats in Figs. 6, 8 and southern moat
in Fig. 5) or flat-based (eastern moats in Figs. 6, 7). These moats often
evolved to a concave-up shape (eastern moat in Fig. 6 and western moat
in Fig. 7) during the progressive deposition of the contourite drift. In
sub-unit Ul-2, the moats mainly mixed depositional-erosional as
demonstrated by the downlapping reflectors (both moats in Fig. 6 and
western moat in Fig. 7). At the base of sub-unit Ul-1, the moats mainly
show a concave-up geometry and are either exclusively constructional
with onlapping reflectors (southern moat in Fig. 5 and Fig. 6), or they
are mixed depositional-erosional moats evolving towards construc-
tional moats (western moat in Fig. 7). During the deposition of sub-unit
U1-1, some moats eventually disappear at several locations of the drift
(western moat in Fig. 6).

5. Discussion
5.1. Morphosedimentary evolution of the Belgica Mound Drift

The new pseudo-3D seismic stratigraphic analysis of the Belgica
Mound Drift architecture suggests that its evolution has followed three

main stages (Fig. 10). The conceptual model of the evolution of the drift
(Fig. 10) is based on the model developed by Huvenne et al. (2009),
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Fig. 10. 3D sketch of the Belgica Mound Drift (northern sector) evolution from the Early Pleistocene to the present day: (A) Before the deposition of the drift (RD1
paleotopography in Fig. 9A); (B) during the onset of the drift (isopach map in Fig. 9C), with an example during the glacial (blue) and interglacial (orange) stages; and
(C) during the growth stage of the drift (isopach map in Fig. 9E). The arrows correspond to the deduced intensity of the current in the moats, varying from strong (A),
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this article.)
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which focused on the CWC mounds. The revised model presented herein
focuses on the evolution of the adjacent contourite drift, taking into
account the new high-resolution chronostratigraphic framework.

5.1.1. Pre-drift processes related to RD1 (Pliocene—early Pleistocene)

RD1 is a regionally pronounced erosive discontinuity characterised
locally by relatively steep escarpments, laying the foundations of the
RD1 paleotopography (Figs. 9A, 10A). Its effects can still be observed in
present-day bathymetry (Figs. 1, 4). Within the study area, the RD1
unconformity cuts into units U2 and U3 and has almost entirely removed
unit U2 (Figs. 5-8). As also observed by Van Rooij et al. (2003) in the
channels surrounding the study area, the irregular RD1 topography was
likely created by strong and persistent N—S contour currents (Fig. 10A).
This peculiar topography contributes to the local intensification of the
bottom currents and their consequent erosive nature. Van Rooij et al.
(2003) correlated this to the start of the effect of glacial-interglacial
cycles on the deep-water circulation as well as to the reintroduction of
the MOW in the NE Atlantic during the Pliocene (Stow, 1982; Pearson
and Jenkins, 1986). Subsequent research by Khélifi et al. (2014) in-
dicates a reduction in the MOW flow from 2.95 Ma to 2.65 Ma, corre-
sponding to the onset of the major Northern Hemisphere Glaciation. The
corresponding sea level falls and subsequent reduction in Atlantic versus
Mediterranean exchange, thus influencing the MOW production, may
have caused the reduction in the bottom-current intensity in the Por-
cupine Seabight, bringing the RD1 event to an end. The later reintro-
duction of the MOW during interglacial periods will have increased the
bottom-current intensity again, likely creating hydrodynamic conditions
leading to the onset of CWC mound growth (Huvenne et al., 2009;
Raddatz et al., 2011), around 2.7 Ma, during the Late Pliocene (Kano
et al., 2007).

From seismic profiles alone, it remains complicated to identify the
CWC mound growth stages. Hence, it is difficult to compare the evolu-
tion of the CWC mounds to the contourite drift evolution. Therefore, it
was previously assumed by Huvenne et al. (2009) and Thierens et al.
(2010) that the CWC mounds were already fully developed before the
deposition of unit Ul (Fig. 10A). The current seismic stratigraphy con-
firms that the CWC mound growth was initiated before the onset of the
contourite drift (Figs. 5-8). As suggested by Van Rooij et al. (2003) and
confirmed by the present more detailed dataset, the lower unit Ul ho-
rizons show an onlap relation with respect to the CWC mounds
(Figs. 5-7), which are asymmetrically embedded in the contourite drift
(Figs. 5-8). The CWC mounds thus reached a significant size before the
onset of the drift deposition, as evidenced by the basin-like area formed
by the CWC mounds’ alignment and the steep flanks cut into units U2
and U3 (Fig. 9A). They had a direct influence on the onset of the drift
(Fig. 9) and on the evolution of the moats (Fig. 4) since they drove the
intensification and pathways of the bottom currents (Van Rooij et al.,
2003; Huvenne et al., 2009).

5.1.2. Contourite drift inception (Early Pleistocene-Middle Pleistocene)
The isopach map related to the onset of the contourite drift (Fig. 9B)
shows the onset only occurred in the central area of the southern centre
of growth, as the oldest sediment package can be observed there (Figs. 5,
9B). This can be interpreted by the action of locally weaker currents on
the lee side of the CWC mounds and enhanced currents in the direct
vicinity of the CWC mounds, as well as near the steep eastern flanks and
in the northern sector. The occurrence of stratigraphically younger
contourite drift deposits in the second centre of growth (Fig. 5), located
in the central area of the northern sector, indicates the sediment was
probably deposited later (Fig. 10B). As such, it is suggested that both
centres of growth, both visible in the present-day bathymetry as the two
sectors, started growing independently from each other, and were
separated by a non-depositional area (Figs. 5, 9B). The difference in
shape and elongation between both centres of growth (Fig. 9B) may be
related to the inferred circulation pattern of the contemporary bottom
currents. The elongated shape of the southern centre of growth (Fig. 9B)
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is associated with bottom currents with an inferred NW-SE orientation
circulating on the western and eastern sides of the drift, represented by
the moats. The more circular shape of the northern centre of growth
(Fig. 9B) is related to a more complex environment with bottom-current
deflection caused by the presence of the CWC mounds, locally acceler-
ating the currents, preventing deposition in the northern centre of
growth and between the two centres (Fig. 9B). As such, this may suggest
the presence of a local circulation cell, stuck in the northern part of the
confined basin, due to topographical deflection (Fig. 9B). The geometry
of the moats was exclusively concave-up (western moats in Figs. 6, 8 and
southern moat in Fig. 5) or flat-based (eastern moats in Figs. 6, 7) at the
start of sub-unit U1-2. However, it evolved towards concave-up (eastern
moat in Fig. 6 and western moat in Fig. 7) and mainly a mixed deposi-
tional-erosional pattern (both moats in Fig. 6 and western moat in
Fig. 7) with the progressive infill of the basin. Also, the seismic strati-
graphic analysis of sub-unit U1-2 infers various growing directions and
several internal unconformities (Figs. 5-8, 10B). Its rather irregular
horizons gradually build up from the central part of the northern and
southern centres of growth and progressively join in a later stage of sub-
unit U1-2 by the partial filling of the previously non-depositional area
(Figs. 5, 9C). This suggests a decrease in the intensity of the local hy-
drodynamic conditions, leading to less vigorous bottom currents
(Fig. 10B). This shows, on average, a slowing down of the NW-SE cur-
rents and the circulation cell (Fig. 9C), as well as a likely increase in
sediment input in the vicinity of the mounds and flanks where sediment
started to accumulate. The internal unconformities, irregular horizons,
various growth directions and the mixed nature of the moats highlight
unstable currents, occasionally increasing in intensity, inducing possible
erosion of sub-unit Ul-2, or decreasing in intensity, allowing deposi-
tional processes.

5.1.3. Contourite drift development (Middle Pleistocene—present day)

The two centres of growth identified in Ul-2 morphologically
correspond to the present-day northern and southern sectors (Fig. 9).
This inherited morphology results in the continued evolution of the two
sectors (Fig. 5), enclosed by the confined basin from CWC mounds and
erosive escarpments.

Within sub-unit Ul-1, the southern sector still shows a relatively
thicker sediment accumulation compared to the northern sector
(Fig. 9D). This may still be related to the local intensification of the
bottom currents in the northern sector due to the forcing of the currents
into a circulation cell by the surrounding CWC mounds. Alternatively,
this may indicate proximity to sediment sources from a southern loca-
tion, such as the Gollum Channels, located south of the study area.
Verweirder et al. (2021, 2023) have already demonstrated that this
channel system was more active during glacial periods and was the
major sediment source in the Porcupine Seabight.

The mapped moats in the southern sector indicate that the bottom
currents maintained a NW flow direction throughout Ul-1 deposition
(Fig. 9D). Within sub-unit U1-1, these moats are mainly concave-up and
evolved from mixed depositional-erosional moats towards construc-
tional moats (western moat in Fig. 7). Up to about 25 % of the moats
even completely disappear. According to Wilckens et al. (2023), this
suggests an average weakening of the bottom currents. Although the
intensity of the bottom currents seems to decrease, the moats near the
escarpments and CWC mounds are still active (Figs. 4, 6-8). This local
intensification would be due to topographic steering where gentle cur-
rents are still locally enhanced, as, for example, identified by Vandorpe
et al. (2023) offshore Morocco. In contrast with the previous sub-unit,
sub-unit Ul-1 is characterised by one main growth style (Fig. 5) with
continuous and mounded reflectors, prograding along the edges and
aggrading along the crests of the two sectors (Figs. 5, 10C). This varia-
tion in seismic facies and geometry suggests a switch from an erosive to a
depositional-dominated environment with a weakening and possible
stabilisation of the bottom currents and a potentially increased sediment
input throughout the entire drift (Fig. 10C). This has led to the
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progressive disappearing of the moats (Figs. 6-8) and a partial burial of
the CWC mounds (Figs. 5-8). This particular switch coincides with the
start of deposition at IODP site U1318 (Fig. 2).

5.2. Implications for local chronostratigraphic framework

Sub-unit U1-2 and the oldest strata of U1-1 are deposited within the
confined basin created by a combined surface formed by the RD1
paleotopography and CWC mounds. However, the most recent strata of
sub-unit Ul-1 are also deposited outside this area, such as at IODP site
U1318 (Fig. 2), where sub-unit U1-2 is missing (Fig. 2). At IODP site
U1318, of the 10 identified sediment packages of sub-unit Ul-1
(Table 1 in Supplementary material), only the six youngest sediment
packages were deposited. Consequently, the oldest contouritic deposits,
being the first sediment packages not present on IODP site U1318, are
only preserved in the confined drift area. This could be due to a variety
of factors, such as stronger bottom currents, likely associated with the
SEC, preventing local sedimentation upslope. The observation of four
metres of medium to fine sand and gravel lag interbedded with silty clay
at the base of Ul at IODP site U1318 (Ferdelman et al., 2006) could
corroborate the hypothesis of a long-term non-deposition (Huvenne
et al., 2009). The sediment is retained by the nepheloid layer at the
boundary between the MOW and ENAW (Figs. 2, 3), as also observed by
Hanebuth et al. (2015) along the Galicia margin. This may account for
the lack of sediment at IODP site U1318.

Thus, the numerous observations, analyses and dating realised from
IODP Exp. 307 only yielded age constraints on the most recent part of
the contourite drift (Fig. 2). The onset of unit U1 in the confined basin,
and thus of the Belgica Mound Drift, should consequently be older than
what has been defined by Kano et al. (2007) at IODP site U1318, i.e.,
1.24 Ma, suggesting a probable Early Pleistocene age (Van Rooij et al.,
2003, 2007). This may better correspond to the proposed depositional
window between 2.1 and 1.7 Ma of sandy contourites at IODP site
U1316 at the foot of the Challenger Mound by Huvenne et al. (2009).
This window fits with an earlier initiation of the drift, still allowing 0.6
My for the CWC mound to reach a considerable size.

The marked difference in stratigraphic architecture between sub-unit
Ul-1 and Ul-2 was most likely influenced by glacial-interglacial
paleoceanographic changes throughout the Pleistocene, influenced by
corresponding decreases and rises in sea level (Van Rooij et al., 2009)
with a respective absence or presence of the MOW in the Porcupine
Seabight (Raddatz et al., 2011). Huvenne et al. (2009), Foubert and
Henriet (2009) and Kano et al. (2007) correlated the onset of contourite
sedimentation to the first phase of the Middle Pleistocene Transition
(MPT). Hence, sub-unit U1-1 would correspond to the units deposited in
IODP sites U1316 and U1318 during and following the MPT (1.6-0.5
Ma; Huvenne et al., 2009) (Fig. 2). The MPT was characterised by the
initiation of full glacial excentricity-driven conditions with long-term
(100 ky) cooling (Lisiecki and Raymo, 2005), increasing of the global
ice volume (Berends et al., 2021), leading to decreased bottom-current
speeds due to a reduced MOW production and outflow and higher
sediment input due to lowered sea levels (Van Rooij et al., 2007; Huv-
enne et al., 2009). Those conditions during the MPT, while favouring the
sedimentation in the area, made the Porcupine Seabight a hydrody-
namic less intensive area and reduced the development of CWC mounds
(Kano et al., 2007). Whereas decreased bottom currents and higher
sediment input are generally advantageous for drift accumulation, this
also signifies less favourable conditions for CWC mound growth, leading
to CWC decay and potential burial (Hebbeln et al., 2016). After the MPT,
a decrease in the MOW influence was also observed in the Goban Spur
(Delivet et al., 2016) in contrast with proximal areas such as the Cadiz
(Hernandez-Molina et al., 2006, 2011, 2014) and the Le Danois CDS
(Ercilla et al., 2008; Van Rooij et al., 2010; Liu et al., 2020).

This finally allowed the relatively fast accumulation of sub-unit U1-1
(Fig. 9D), leading to about 200 ms TWT since the MPT. Assuming an
average P-wave velocity of 1600 m/s over this unit (Van Rooij et al.,
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2009), this may roughly have led to an accumulation rate of 17 cm/ky.
In their late stage of development, most of the CWC mounds ended up
buried under the youngest deposits of sub-unit Ul-1, such as the
example observed with the isolated eastern CWC mound (Fig. 7). This
observation, as well as the moat evolution (Figs. 6-8), indeed highlights
a change in the sedimentary environment, evolving from an erosional
environment during the initiation of the CWC mounds to a mainly
depositional environment in the present day (Fig. 10). Nevertheless, the
present-day seabed morphology of the Belgica Mound Drift (Fig. 4) and
its moats (Figs. 5-8) testify of the local contemporary (present inter-
glacial) intensification of the bottom currents. The footprint of the RD1
paleotopography on the present-day topography (Figs. 4, 9), as well as
the CWC mounds related to internal wave resonance and enhanced
diurnal baroclinic tides occurring at the ENAW-MOW pycnocline
(Pingree and Le Cann, 1989, 1990; Rice et al., 1991; White, 2007), play a
key role in the enhancement of the bottom currents and on the evolution
of the contourite drift.

6. Conclusions

This work, focusing on the small-scale Belgica Mound Drift, has
shown that a high-resolution pseudo-3D dissection and detailed analysis
of a contourite drift yields valuable insights into its spatial and temporal
evolution, including its onset and growth patterns. It serves as a show-
case of past oceanographic information, specifically for the relative in-
tensity and circulation pattern of the bottom currents at the origin of the
drift’s morphology.

More specifically, the architecture of this confined contourite drift
gave insight into three distinct evolutionary stages, each of which is
related to a major change in paleoceanography, affecting both the
bottom-current intensity and sediment input. The pseudo-3D dissection
allowed for the refinement of the temporal and spatial variability of
contourite depositional processes driven by the MOW in its most distal
occurrence within the eastern Atlantic Ocean.

e The pre-drift stage (Pliocene-Early Pleistocene) corresponds to the
regional RD1 erosive event, which was caused by the reintroduction
of the MOW in the Porcupine Seabight, which allowed to shape a
peculiar paleotopography, strongly influencing the ensuing sediment
dynamics until the present day.

The second stage (Early Pleistocene-Middle Pleistocene) shows the
onset of actual contourite depositional processes, starting from two
distinct centres of growth, strongly steered by previously defined
topographic obstacles, progressively joining together. The initial
deposition happened under the influence of a slightly weakened
MOW compared to the first stage. This may be correlated to the
general onset of glacial-interglacial cycles at the start of the
Quaternary.

During the third and final stage (Middle Pleistocene—present day),
the Belgica Mound Drift development happens under a more stable
but less dynamic environment, characterised by more continuous
and mounded stratification. This last stage can be fully connected to
the effects of the MPT, with a spatial variable reduction in the MOW-
related bottom currents, as well as increasing sediment input from
potentially nearby sources such as the Gollum Channels. Neverthe-
less, the present-day bottom currents, in an “interglacial mode”, are
still strong enough to allow the development of moats due to
continued topographic steering (though attenuated with respect to
the 2nd phase) by internal wave resonance and tidal enhancement at
the MOW-ENAW interface.

During this work, the chronostratigraphic framework, previously
established through IODP Exp. 307, required revision since it only
provided information regarding the evolution of the most recent stage of
the drift. This allowed the onset of contouritic processes to be reset to an
earlier date, situated in a window around 2.1 Ma, as defined for IODP
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site U1316, but now expanded for the entire Belgica Mound Drift.

Finally, this study also contributed to a better insight into the co-
habitation or co-evolution between the contourite drifts and the pres-
ence of framework-building ecosystems, such as CWCs. The evolution of
the Belgica Mound Drift directly relates to the presence of CWC mounds.
Their specific geographic occurrence on an already heavily accentuated
paleotopography locally enhanced the intensity and circulation pattern
of the bottom currents, especially during the inception of contouritic
sedimentation. The combined effects of the RD1 paleotopography and
the CWC mounds can still be observed in the present-day bathymetry.
This indicates that the mechanisms that shaped the past seabed may still
be active today. Therefore, a deeper comprehension of the governing
oceanographic processes taking place along the eastern slope of the
Porcupine Seabight is required, especially in the drift area.

In general, the complexity of this small-scale contourite deposit is not
represented by its youngest part, but it is inherited from its initiation
phase. This study is a showcase of the past oceanographic information
that is locked in all stages of drift growth. This observation was only
possible due to the high-resolution pseudo-3D study of this contourite
drift. Hence, it can be argued that valuable paleoceanographic infor-
mation is only unlocked by choosing an appropriate seismic network
(which does not necessarily need to be a costly 3D study), yielding
valuable information on both its architectural framework and its spatial
and temporal evolution.
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