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A B S T R A C T   

Plastered drifts are a complex type of contouritic drift, very common along continental slopes, although their 
precise sedimentary stacking pattern and long-term evolution are not well understood. In this work we used 3D 
and 2D multichannel reflection seismic and well datasets to characterize a Paleogene plastered drift along the 
Uruguayan continental margin. A large buried drift running parallel to the middle and lower slope was identified, 
comprising five main seismic units (SU1-SU5) and a number of subunits subdivided by internal widespread 
erosive discontinuities. An extensive contourite terrace is developed on the landward top of the drift, while 
smaller-scale bottom current features (channels and bedforms) denote a hierarchy of features related to water 
mass circulation and interfaces, as well as associated oceanographic processes. Four long-term evolutionary 
stages were decoded in the plastered drift formation: I) Onset Stage (66 Ma – 56 Ma), whose basal surface rep
resents a prominent erosional surface marking the onset of drift, after which extensive sheeted deposits develop; 
II) Growth Stage (Eocene ~ 56 – ~38 Ma) with a prominent backstepping sedimentary stacking pattern; III) 
Maintained Stage (~38 Ma – ~20 Ma) of limited growth of the drift, characterised by aggradational sheeted 
deposits and extensive erosion; and IV) Burial Stage (<20 Ma), which determines a major change in the margin 
evolution —the main depocenter shifts to deeper domains, leading to the final burial of the drift. The plastered 
drift formation is attributed to the influence of a deeper and weak water mass and a shallower but more vigorous 
water mass, as well as their interface. The aforementioned evolutionary stages and the greatest changes in the 
drift depositional style would be a consequence of spatial and vertical changes in these water masses over 
millions of years, the Growth Stage being related to the expansion and intensification of deep-water circulation 
that modulated the formation of the proximal terrace at its top and resulted in the backstepping stacking pattern. 
The smaller lateral and vertical changes in the seismic units and subunits along the drift are linked to local 
bottom current processes and their interaction with the slope morphology, the slope gradient playing a key role 
in the lateral bottom current behavior. This study shows the complex lateral and temporal sedimentary stacking 
pattern and evolution of a contouritic drift, and decodes the dominant oceanographic and depositional processes 
in its long-term formation. In doing so, we demonstrate the requirement of extensive 2D and 3D seismic datasets 
for accurate characterisations. Still, similar research in other continental margins is needed to better understand 
how and when (in geological time) large contouritic drifts are generated, in light of their implications for basin 
analysis, paleoceanographic reconstructions, and energy geosciences.   

1. Introduction 

The term ‘contourite’ refers to a spectrum of sediments deposited or 
substantially reworked by the persistent action of bottom currents (e.g., 
Stow et al., 2002; Rebesco and Camerlenghi, 2008; Rebesco et al., 2014). 
Bottom currents interact with the seafloor to generate large depositional 
(“drift”), erosional and mixed contourite features, which are prominent 

and common along continental margins and on abyssal plains (Faugères 
and Stow, 1993; Faugères et al., 1999; García et al., 2009; Preu et al., 
2013; Rebesco et al., 2014; Hernández-Molina et al., 2016, 2018; 
Thiéblemont et al., 2019; Rodrigues et al., 2020, 2021). Such features 
often develop coevally and may form ‘contourite depositional systems’ 
(CDS) that evolve laterally and temporally (Hernández-Molina et al., 
2003). Recent studies have shown that beyond their economic potential 
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(Viana, 2008; Fonnesu et al., 2020), contourites are crucial for paleo
ceanographic and environmental reconstructions (Rebesco et al., 2014; 
Lofi et al., 2016). Moreover, the increased availability of regional high 
resolution two-dimensional (2D) and three-dimensional (3D) seismic 
data has led to the more widespread identification of such deposits and 
in greater detail than ever before (e.g. Sun et al., 2017; Yin et al., 2019; 
Miramontes et al., 2019; Thiéblemont et al., 2020; Fonnesu et al., 2020). 
Despite advances, the criteria for interpreting large contourite features 
in seismic data (Faugères et al., 1999; Rebesco, 2005; Nielsen et al., 
2008; Hernández-Molina et al., 2008a, 2008b; Rebesco et al., 2014) call 
for revision, including some drifts not fully clarified or missing from 
current classifications. In addition to their primary features, smaller 
secondary features are being determined (e.g., Preu et al., 2013; Thié
blemont et al., 2019; Yin et al., 2019; Miramontes et al., 2020) and 
associated with secondary oceanographic processes (e.g. internal soli
tary waves/tides, cores, vertical eddies and horizontal vortices) that 
may influence CDS. 

One common type of large contouritic drift is the plastered drift, 
originally described by McCave and Tucholke (1986) and Faugères et al. 
(1999) and the recent focus of substantial research (Preu et al., 2013; 
Hernández-Molina et al., 2018; Miramontes et al., 2019; Thiéblemont 
et al., 2019; Rodrigues et al., 2020). They show an overall convex ge
ometry, with sediment accumulating towards the centre, at any depth 
along continental slopes, yet most often in conjunction with a gentle 
slope and weak bottom current (Faugères et al., 1999; Faugères and 
Stow, 2008). Their seismic units typically have a broad shallowly 
mounded geometry of little apparent migration, though internal gently 
downlapping reflections might indicate slight down-current pro
gradation that could have an obliquely landward or basinward element, 
while the internal facies are typically low amplitude to transparent 
discontinuous reflections (Faugères et al., 1999; Miramontes et al., 
2019). Such features are elongated parallel to the slope, showing 

upslope or down-slope migration (Faugères et al., 1999; Rebesco, 2005). 
Plastered drifts may be genetically related to other erosive or deposi
tional features such as terraces, contourite channels (or moats), or 
sedimentary waves (Rodrigues et al., 2020; Thiéblemont et al., 2020) 
resulting in a large CDS (Hernández-Molina et al., 2003; Hernández- 
Molina et al., 2006). Recent studies have hinted at the underlying 
complexity of plastered drift evolution and enhanced their classification 
(e.g. Hernández-Molina et al., 2009, 2018; Preu et al., 2013; Thié
blemont et al., 2019; Miramontes et al., 2020; Rodrigues et al., 2020), 
despite this, further research is needed to elucidate the vertical and 
lateral changes in their sedimentary stacking pattern and shape. 

Using a combination of 2D and 3D seismic reflection datasets, this 
study aims to determine sedimentary and oceanographic processes 
responsible for the development of a large plastered drift preserved 
below the Uruguayan slope (Fig. 1). This is achieved by decoding 
complex lateral and vertical changes in its sedimentary stacking pattern. 
The research contributes to the growing body of knowledge of how these 
large depositional features form, and demonstrates the utility 3D seismic 
reflection data in the study of CDSs. 

2. Geological setting 

The Uruguayan Margin is a segmented, volcanic rifted margin 
(Fig. 1) located between 33◦S and 38◦S on the east coast of South 
America and covering an area of approximately 130,000 km2 (Soto 
et al., 2011; Morales et al., 2017; Burone et al., 2021). It formed during 
the break-up of the Gondwana supercontinent and the opening of the 
South Atlantic Ocean (Stoakes et al., 1991; Hinz et al., 1999; Franke 
et al., 2007; Pérez-Díaz and Eagles, 2014; Conti et al., 2017). Rifting 
initiated in the Late Jurassic, with movement confined to localised 
intracontinental accommodation zones before shifting to a central 
Atlantic rift zone at ~138 Ma (Soto et al., 2011; Pérez-Díaz and Eagles, 

Fig. 1. Structural map of sedimentary basins, geologic highs and fracture zones on the Argentine-Uruguayan Margin (modified from Soto et al., 2011 after Stoakes 
et al., 1991; Franke et al., 2007). The study area location is indicated with a red box. (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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2014; Creaser et al., 2017). Rifting started on the distal margin at ~128 
Ma, resulting in thick 60–120 km wide packages of Seaward Dipping 
Reflectors (SDRs) displayed clearly in seismic records (Franke et al., 
2007; Creaser et al., 2017). In the Middle Cretaceous-Paleocene the 
margin entered a sag/thermal subsidence phase, and became a passive 
margin in the Eocene-present (Honegger et al., 2018). 

Two main basins are found offshore Uruguay (Fig. 1): the Punta del 
Este Basin (see Stoakes et al., 1991) to the south, and the Pelotas Basin to 
the north (Soto et al., 2011; Morales et al., 2017; Burone et al., 2021), 
the latter exhibiting depocentres up to 7 km-thick (Hernández-Molina 
et al., 2016). The Punta del Este Basin is a funnel-shaped aulacogenetic 
failed rift basin that formed on continental crust and is related to the 
Salado and Colorado Basins on the Argentine Margin (Stoakes et al., 
1991; Franke et al., 2006; Soto et al., 2011). It has an area of ~50,000 
km2 and is situated to the south of Uruguay, trending northwest- 
southeast and perpendicular to the margin (Morales et al., 2017). It is 
separated to the southwest from the Salado Basin (Fig. 1) by the Martín 
García and Plata Highs and the Salado Transfer System (Stoakes et al., 
1991); and from the Pelotas Basin to the northeast by the Polonio High 
and Rio de la Plata Transfer System (Soto et al., 2011; Hernández-Molina 
et al., 2016; Morales et al., 2017). During the Late Cretaceous, sediment 

was predominantly deposited in thick packages of prograding clino
forms, and by the Cenozoic, sedimentation was increasingly influenced 
by uplift due to Andean tectonics, and eustatic sea level oscillations 
(Morales, 2013; Hernández-Molina et al., 2016). The Pelotas Basin is a 
typical NE-SW trending passive margin basin with an area of ~80,000 
km2. It formed on continental, transitional and oceanic crust and ex
tends from the Polonio High in the south to the Florianópolis Fracture 
Zone in the north, which separates it from the Santos Basin on the 
Brazilian Margin (Soto et al., 2011; Hernández-Molina et al., 2016; 
Morales et al., 2017) (Fig. 1). It exhibits significantly less Late Creta
ceous deposits than the Punta del Este Basin, suggesting it was starved of 
sediment at that time. Yet during the Cenozoic, due to the previously 
mentioned depocentre shift, thick Paleogene and Neogene deposits are 
recorded (Hernández-Molina et al., 2016). 

The preserved sedimentary record on the margin has four main 
stages (Soto et al., 2011; Morales, 2013; Hernández-Molina et al., 2016; 
Creaser et al., 2017; Morales et al., 2017): a) the prerift stage involves 
Proterozoic crystalline basement rocks and Paleozoic continental to 
marine sediments, b) the synrift stage comprises volcanic rocks and 
continental sediments (Late Jurassic-Neocomian), c) a transition stage 
shows localised intra-basin continental and marine sediments 

Fig. 2. Present day ocean circulation adapted from Hernández-Molina et al. (2010) after Georgi (1981); Flood and Shor (1988); Arhan et al. (2002a, 2002b). 
Hydrographic sections offshore South America (A and B) adapted from Hernández-Molina et al. (2010) after Piola and Matano (2001), and (C) from Hernández- 
Molina et al. (2016). Bathymetric basemap from Tozer et al. (2019). 
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(Barremian-Aptian), d) and the post-rift (drift stage) consists of Late 
Cretaceous transitional to marine and Cenozoic marine sediments. In the 
Late Maastrichtian, a single offshore sedimentary province formed as an 
intra-basin, while external highs were surpassed due to oscillations in 
the eustatic sea level. These oscillations continued in the Cenozoic and 
conditioned the sedimentary sequences observed on the margin (Soto 
et al., 2011). 

3. Present oceanographic setting 

The Argentine/Uruguayan Margin hosts one of the most dynamic 
ocean regions in the world (Fig. 2), featuring complex surficial, inter
mediate, deep and bottom water circulations of different water masses 
flowing in opposite directions relatively close to the seafloor (Piola and 
Matano, 2001; Arhan et al., 2002b; Hernández-Molina et al., 2009, 
2010, 2016; Preu et al., 2013; Thran et al., 2018; Burone et al., 2021). 
These water masses have different densities due to variations in tem
perature and salinity and are separated by interfaces in the water col
umn (Fig. 2A, B and C) (Piola and Matano, 2001; Arhan et al., 2002a, 
2002b). Changing basin configuration, seafloor topography and the 
opening/closing of oceanic gateways prior to, and during the Cenozoic, 
resulted in the complex dynamic thermohaline circulation (THC) and 
the Atlantic Meridional Overturning Circulation (AMOC) observed 
today. Pérez-Díaz and Eagles (2017) explain that at ~100 Ma the 
Falkland Plateau cleared the Cape region of Africa, admitting waters 
from the Southern Ocean into the South Atlantic, which began the 
transition towards the present circulation. By ~80 Ma the South At
lantic’s ocean basins were deep enough for interconnection at inter
mediate water depths (1000 m – 2657 m wd), and by 60 Ma the 
connections between basins allowed for deep water circulation (2657 m 
– 5597 m wd). 

At present day, the surficial circulation (Fig. 2) comprises in
teractions of the southward flowing Brazil Current (BC), which includes 
components of Tropical Water (TW) and a highly saline South Atlantic 
Central Water (SACW), plus the northward flowing Malvinas Current 
(MC) with primary contributions from the Antarctic Intermediate Water 
(AAIW) and Upper Circumpolar Deep Water (UCDW). The BC and MC 
meet to form the Brazil/Malvinas Confluence (BMC) at approximately 
38◦S offshore Argentina (Stramma and England, 1999; Piola and Mat
ano, 2001; Arhan et al., 2002a, 2002b; Hernández-Molina et al., 2016; 
Valla et al., 2018). The BMC has a sharp horizontal front in terms of 
temperature and salinity, and shows intense mesoscale variability 
leading to amplitude meanders in the mean flow, which causes vertical 
eddies that propagate away from the front (Gordon and Greengrove, 
1986; Piola and Matano, 2001; Combes and Matano, 2014; Hernández- 
Molina et al., 2016). 

Circulation at intermediate depths (Fig. 2) is characterised by the 
northward flowing AAIW located between about 500 to 1500 m water 
depth, which originates from surficial waters of the Antarctic circum
polar region, particularly north of Drake’s Passage and close to the 
Falkland Islands (Stramma and England, 1999; Preu et al., 2013). 

Deep circulation comprises the northward flowing Circumpolar Deep 
Water (CDW), which has two separate branches, the UCDW and the 
Lower Circumpolar Deep Water (LCDW) (Stramma and England, 1999; 
Arhan et al., 2002a, 2002b; Hernández-Molina et al., 2016); and the 
North Atlantic Deep Water (NADW), which occupies depths ranging 
from 1.5 to 2.8 km, between the UCDW and LCDW, it flows southward 
along the margin before veering eastward (Stramma and England, 1999; 
Hernández-Molina et al., 2009; Preu et al., 2012; Creaser et al., 2017). 

The bottom circulation (>3500 m water depth, Fig. 2) is dominated 
by the Antarctic Bottom Water (AABW), which becomes partially trap
ped in the Argentine Basin (Stramma and England, 1999; Hernández- 
Molina et al., 2009, 2016). The AABW has an upper component con
sisting of old dense waters derived from the LCDW within the Antarctic 
Circumpolar Current (ACC), and a lower, denser component that formed 
in the Weddell Sea offshore Antarctica (Stramma and England, 1999). 

The water mass flows up the eastern coast of South America, forming a 
cyclonic gyre up to 2 km thick in the Argentine Basin (Georgi, 1981; 
Stramma and England, 1999; Piola and Matano, 2001; Arhan et al., 
2002a, 2002b; Hernández-Molina et al., 2016). 

4. Dataset and methodology 

4.1. Dataset 

The dataset used covers the southern sectors of the Punta del Este and 
Pelotas Basins and entails (Fig. 3): a) two 3D multichannel seismic 
(MCS) reflection datasets (BG12 and TO12); b) regional 2D MCS profiles 
(ANCAP UR11), and c) three wells (Lobo X-1, Gaviotín X-1 and Raya X- 
1). 

4.1.1. Seismic reflection data  

i) BG12 

The BG12 3D survey is a reverse polarity 3D dataset totalling 13,283 
km2 that was acquired by BG/Shell. It lies between 360 – 370S and 520 – 
540W on the SW Uruguayan Margin, spanning from the continental shelf 
to the continental rise. The dataset was collected in two phases: a 7420 
km2 area was initially acquired during the first phase between December 
2012 and May 2013, this was later merged with a second 6970 km2 

region collected from December 2013 to March 2014. Acquisition pa
rameters are detailed in Table 1. Processing was undertaken by PGS 
Geophysical and is described in (PGS, 2014). Both areas were initially 
processed using anisotropic Kirchhoff Pre-Stack Time Migration (PSTM). 
Later, time-depth conversion was completed using a VTI HyperBeam 
Velocity Model Building (VMB) and Kirchhoff Pre-Stack Depth Migra
tion within the main processing sequence.  

ii) TO12 

The TO12 survey is a previously unpublished reverse polarity dataset 
amounting to 7153 km2 that was acquired by TOTAL S.A. The survey is 
situated at 35.50–36.50S and 51.50–52.50W on the central Uruguayan 
Margin and spans the middle slope to the continental rise; it intersects 
the Raya X-1 deep water well to the northeast. Processing was under
taken by Schlumberger Geosolutions and TOTAL S.A. between 2013 and 
2014, giving an anisotropic Kirchhoff TTI PSDM. This method relies on a 
four-parameter tomographic velocity model approach to account for the 
complexity of geological settings like the Uruguayan Margin.  

iii) ANCAP UR11 

The UR11 survey comprises regional reverse polarity 2D MCS pro
files totalling 6294 line kms, acquired by Reflect Geophysical. The 
dataset comprises 58 lines that extend from the continental shelf to the 
rise between 34.50 and 37.50S and 510–55.50W. Processing was 
completed by WesternGeco (Schlumberger), the results were a Kirchhoff 
PSTM and a Kirchhoff PSDM. 

4.1.2. Well data 
The Lobo X-1 and Gaviotín X-1 wells are located on the continental 

shelf at 40–50 m water depth (wd) in the Punta del Este Basin (Fig. 3). 
They were drilled for exploration in the 70’s by Chevron. The two wells 
are intersected by Line UR11–46 from the ANCAP 2D survey detailed 
above (Table 1). The wells are not representative of the deepest part of 
the basin, but they do shed light on the stratigraphy (Morales, 2013; 
Hernández-Molina et al., 2016; Morales et al., 2017). The Raya X-1 deep 
water well was drilled for exploration by TOTAL S.A. in 2016. It lies on 
the continental rise in the Pelotas Basin at 3403.7 m wd (Table 2) and is 
situated within the TO12 survey detailed above. The well targeted an 
Oligocene basin floor fan and encountered a highly porous 135 m thick 
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Fig. 3. Map of study area, dataset composite line, regional cross sections and arbitrary line figure locations (1–5). Figures from south to north: BG/Shell crosslines 
4500 and 7600 = 1 and 2, Total inlines 4400 and 6200 = 4 and 5. Bathymetry from Tozer et al. (2019). 

Table 1 
Seismic survey acquisition parameters (information provided curtesy of ANCAP).  

Dataset Year Research Vessel 
(s) 

Streamer 
Length 

Streamer 
Depth 

Source 
Depth 

Source 
Volume 

Shot 
Interval 

Group 
Interval 

Sample 
Rate 

Total Area/ 
Lenth 

BG12 
3D 

2012–14 Polarcus Amani 10 × 6000 m 9 m +/− 1 8 m 2 × 4,240 cu. 
in 

25 m 1 12.5 m 2 ms 13,283 km2 

TO12 
3D 

2012–14 WG Tasman 12 × 8000 m 9 m +/− 1 6 m 2 × 5,085 cu. 
in 

25 m \125 m 2 ms 7153 km2 

“” “” WG Regent 10 × 8000 m “” “” “” “” “”” “” “” 
UR11 

2D 
2011 Reflect Aries 8100 m 8 m 6 m 3400 cu.in 25 m/37.5 

m 
2.5 m 
“” 

2 ms 6294 km  

Table 2 
Wellsite drilling summary (information provided curtesy of ANCAP).  

Well Year Drilling Rig Operator Total depth from origin (m) Kelly bushing (m) Longitude Latitude Coordiante reference system 

Raya X-1 2016 Venturer, Maersk Total 5856 26 51o33’ 57.83”W 36o13’35.15”S GRS 1980 
Gaviotín X-1 1967 Bideford Dolphin Chevron 3630 25 54o58’08,30”W 36o17’49,60”S WGS 72 
Lobo X-1 1967 Bideford Dolphin Chevron 2713 25 54o39’52,99”W 36o21’42,94”S WGS 72  

Table 3 
Summary of well formation tops (information for the Gaviotín X-1 and Lobo X-1 wells provided curtesy of ANCAP) (Alabert et al., 2016).  

Raya X-1 Gaviotín X-1   Lobo X-1   

Interval Interval TVD (m) TVD Seismic (m) Interval TVD (m) TVD Seismic (m) 

Base Pliocene Upper Miocene 315 290 Upper Miocene 275 250 
Late Miocene Upper Eocene 882 857 Upper Eocene 815 790 
Middle Miocene Lower Eocene 1550 1525 Lower Eocene 1412 1387 
Early Miocene Top Cretaceous 1709 1684 Top Cretaceous 1545 1520 
Eocene/Oligocene Upper Albian 1808 1783 
Late Eocene Upper Permian 3491 3466 
Middle Eocene Lower Permian 3560 3535  
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sand accumulation, but was ultimately dry (Conti et al., 2017). All wells 
were tied to the seismic datasets using synthetic seismograms, the Lobo 
X-1 and Gaviotín X-1 tie has a confidence of ~ < 10 m whilst the Raya X- 
1 tie has a confidence of ~1 m. 

A series of formation tops and key chronostratigraphic horizons were 
obtained for all wells (see Table 3). Well tops for the Gaviotín X-1 and 
Raya X-1 were used to derive the chronostratigraphic framework of this 
study, but the depth intervals for the Raya X-1 well were omitted for this 
manuscript. 

4.2. Methodology 

Analysis was undertaken at ANCAP’s (Administración Nacional de 
Combustibles, Alcohol y Portland) headquarters in Montevideo, Uruguay, 
using a HP ENVY laptop and Kingdom Suite™ (IHS) software with a 

standard exploration and production (E&P) license. The Kirchhoff PSDM 
seismic and well datasets were loaded by ANCAP staff. Interpretation of 
seismic units and facies entailed conventional methods and criteria 
described in Mitchum et al. (1977) and Catuneanu et al. (2009). 2D lines 
were used as regional cross-sections and as a chronostratigraphic tie 
(Fig. 3). Detailed seismic analysis was focused within the 3D datasets, 
and a series of arbitrary lines served to outline seismic observations. The 
chronostratigraphy was constrained using a composite seismic reflection 
profile comprising lines UR11–06 (2D), UR11–39 (2D) and TO12 inline 
6200 (3D) to correlate the geophysical data with the Gaviotín X-1, Lobo 
X-1 and Raya X-1 wells (Fig. 3). In addition, we correlated discontinu
ities and seismic units with previous authors who have studied the 
Cretaceous-Paleocene (Creaser et al., 2017), and the Paleogene 
(Hernández-Molina et al., 2018), following studies which describe much 
of the sedimentary succession, and from which an age model for the 

Fig. 4. Chronostratigraphic framework of the interpreted seismic units, subunits and discontinuities based on the Gaviotin X-1 and Raya X-1 wells. In addition to the 
wells, the discontinuities and seismic units were correlated with those from relevant published literature (Soto et al., 2011; Morales, 2013; Conti et al., 2017; Creaser 
et al., 2017; Morales et al., 2017; Hernández-Molina et al., 2016, 2018). Sea level curve adapted from Haq et al. (1987) and Miller et al. (2005). 
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margin has been developed based on biostratigraphy and seismic 
reflection data (see Morales, 2013; Morales et al., 2017; Conti et al., 
2017). 

4.2.1. Seismic interpretation of contourite drifts 
Bottom current features (contourites) were interpreted at three 

scales using methods outlined by Faugères et al. (1999), Rebesco and 
Stow (2001), Stow et al. (2002a), and Nielsen et al. (2008). From large to 
small, they are: 1) seismic units that trace the overall geometry of a 
feature and are bound by major regional discontinuities, 2) seismic 
subunits that are smaller and also bound by discontinuities, and 3) 
seismic facies that describe the reflection profile and internal configu
ration. The criteria for contourite drift morphologies and internal con
figurations are defined by Faugères et al. (1999), Rebesco (2005), and 
Rebesco et al. (2014). 

5. Results 

5.1. Chronostratigraphic framework 

The studied succession extends from the Uppermost Cretaceous until 
the Early Miocene (Figs. 4 and 5), it comprises five seismic units (SU1- 
SU5) (Figs. 4-7) bounded by six regional discontinuities (D1-D6) char
acterised and summarised in Table 4. The identified key regional dis
continuities were mapped across the dataset and correlated where 
possible with the Gaviotín X-1 and Raya X-1 wells (Fig. 4) and relevant 
literature (Soto et al., 2011; Morales, 2013; Conti et al., 2017; Creaser 
et al., 2017; Morales et al., 2017; Hernández-Molina et al., 2016, 2018). 
D1, D2 and D4 intersect, and were mapped in view of the Gaviotín X-1 
well, but were too deep to be penetrated by the Raya X-1 well; therefore, 
they can be said to approximately correspond to the Top Cretaceous, 
Paleocene-Lower Eocene and Middle Eocene, respectively. D5 and D6 

were identified at both wells and respectively correspond to the Middle 
Eocene and Early Miocene. The D3 discontinuity is not identified at 
either Raya X-1 or Gaviotín X-1, proving too deep on the rise and 
onlapping the slope proximally, it roughly corresponds to the Lower 
Eocene. The seismic units, when correlated with the literature, point to 
the following relative ages for the sedimentary succession. SU1 dates to 
the ~Paleocene (~66 Ma – ~56 Ma) and corresponds with Post-rift 5 in 
Morales et al. (2017), SU4 in Creaser et al. (2017). SU2 and SU3 extend 
from the Top Paleocene (~56 Ma) to Middle Eocene (Post-rift 6 in 
Morales et al., 2017 and SU4 in Hernández-Molina et al., 2018). In turn, 
SU4 is ~Middle Eocene in age to (Post-rift 7 in Morales et al., 2017 and 
seismic units SU2 and SU3 in Hernández-Molina et al., 2018), and SU5 
extends from the ~Middle Eocene to the Early Miocene at ~20 Ma, 
subunit 5a correlating with the Post-rift 8 and 5b with the Post-rift 9 of 
Morales et al. (2017). 

5.2. Seismic stratigraphic analysis 

Within the study area the Cenozoic sedimentary record is 4274 m 
thick, whilst the studied succession has a thickness of 3414 m within. 
Here a very large sedimentary body is identified (Fig. 6), which extends 
along the middle and lower slope beyond the study area. 

5.2.1. Seismic Unit 1 (SU1) 
SU1 is the oldest seismic unit, bound at the base by D1 and capped by 

D2. D1 is an extensive regional discontinuity that appears as a major 
onlap and downlap surface, it shows evidence of erosion and is char
acterised by an intermediate to high amplitude reflection (Figs. 6-8). It is 
cut by major channels (Fig. 5) that can be traced from the middle slope, 
and extend basinward in a southeast direction. The channels are sepa
rated by mounds (C1-C4 in Fig. 5) which extend onto the rise and 
sometimes show over 1000 m of relief relative to the channels (D1 in 

Fig. 5. Uninterpreted (A) and interpreted (B) regional composite line detailing main seismic units and discontinuities of a large contouritic drift body along the 
studied Uruguayan continental slope, the seismic interpretation key is provided as well as the locations of seismic profiles detailed throughout the results. C1-C4 =
channel-drifts crests from Late Cretaceous mixed turbidite-contourite system detailed in Creaser et al. (2017). 
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Fig. 9). These mounds are particularly evident in the southern sector 
(Fig. 3). 

SU1 is characterised by low to high amplitude stratified parallel and 
sub-parallel continuous reflections that onlap D1 landwards and basin
ward. Reflections toplap D2 except where localised truncation is 
observed along the margin, this is particularly evident to the southwest 
(see Figs. 10 and 12). The unit has a sheeted configuration, draping 
across the middle and lower slope; it is deposited predominantly in the 
southern sector, where it has a maximum sedimentary thickness of 1642 
m (Fig. 11). Towards the northern sector the unit thins, but increases in 
amplitude. Normal faults are observed within SU1 in the southern and 
central sectors (see Figs. 10 and 12), and in the northern sector above 
bathymetric highs and on the rise (see Figs. 8 and 13). 

The unit comprises two subunits (1a and 1b), as summarised in 
Table 5. Subunit 1a is deposited in northwest-southeast oriented depo
centers and is confined by the bathymetric highs described in the D1 
surface. It has a thickness of 1171 m on the middle slope with a mean 
thickness of ~800 m. In turn, 1b has a maximum thickness of 1259 m 
and a mean thickness of ~750 m in its primary depocenter; it is less 
confined, forming a lateral sheet. 

5.2.2. Seismic Unit 2 (SU2) 
SU2 is bound basally by D2 and capped by D3. D2 is a local 

discontinuity that shows evidence of erosion and is characterised by a 
high amplitude reflection, it can be observed from the shelf to rise in the 
southern sector, and terminates against the middle slope further 
northwards (Figs. 6-8). Some morphological elements identified in D1, 
inherited through SU1, can be seen in the D2 discontinuity surface 
(Fig. 9). 

The unit exhibits low to mid amplitude stratified parallel and sub- 
parallel reflections in the southern sector, that increase to high ampli
tude divergent and wavy reflections in the northern sector. Reflections 
onlap D2 proximally on the middle slope and southwards where the unit 
thins, gentle downlapping is observed basinward on the rise. With 
respect to D3, reflections toplap landwards and basinward, localised 
truncation is observed in distal domains (Fig. 7). Although SU2 is situ
ated mostly on the lower slope, it has a sheeted configuration in the 
southwest sector, where it exhibits a thickness of <250 m. It becomes 
increasingly mounded to the northeast, showing a maximum sedimen
tary thickness of 673 m (Fig. 11). Landward of the mound an along-slope 
channel (moat) is observed, it is wide and deep with some deposition in 
the northern sector and become increasingly narrow and shows evidence 
of erosion in the southern sector, the moat is associated with ‘high 
amplitude reflections’ (HARs) (see Figs. 8 and 10). 

SU2 comprises subunits 2a and 2b (Table 5), separated by a high 
amplitude intra-drift discontinuity. 2a marks a depocenter shift from the 
southern to the northern sector. It has a maximum thickness of 428 m 
and a mean thickness of ~275 m within 8 northwest-southeast trending 
depocenters associated with bathymetric lows identified in the D2 sur
face (Figs. 9 and 11). In turn, 2b has a less confined depocenter that 
extends along the middle slope, it has a maximum thickness of 459 m 
and a mean thickness of ~300 m. 

5.2.3. Seismic Unit 3 (SU3) 
SU3 is bound by D3 at the base and capped by D4. D3 is a prominent 

intra-drift discontinuity characterised by an intermediate to high 
amplitude reflection, it locally truncates SU2 and terminates against the 
slope (Fig. 10). 

Fig. 6. Uninterpreted (A) and interpreted (B) regional cross-section of a very large contouritic drift body northeast of the studied Uruguayan continental slope, with 
indication of the main seismic units (SU1 to SU5) and discontinuities (D1-D6) (seismic line courtesy of ANCAP). 
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Internally SU3 exhibits low to very high amplitude parallel, sub- 
parallel, divergent, wavy and transparent reflections (Figs. 8 and 12). 
Onlapping is observed against D3 on the middle slope and within the 
moat in the northeast sector (Fig. 8), whereas downlapping is observed 
basinward on the lower slope and rise. The unit toplaps D4 basinward in 
the north and becomes increasingly truncated by the discontinuity to the 
south across the middle slope, most clearly in the central sector of the 
dataset (Figs. 10 and 12). SU3 has a sheeted configuration and is situated 
on the middle slope, which becomes a more distinct domain (D4 in 
Fig. 9), being thickest in the northeast sector, up to 702 m (Fig. 11). 
HARs are observed more landwards on the middle slope associated with 
the bounding discontinuities and throughout SU3 (Fig. 12). 

The unit comprises two subunits (3a and 3b) summarised in Table 5. 
The primary depocenter of 3a is situated within the moat and extends 
along the middle slope, reaching a maximum sedimentary thickness of 
426 m, with a mean thickness of 270 m. The depocenter of 3b lies in the 
south to central sector, on the middle slope, having a maximum thick
ness of 459 m and a mean thickness of 290 m. 

5.2.4. Seismic Unit 4 (SU4) 
SU4 is bound at the base by D4 and capped by D5. D4 is a prominent 

regional discontinuity characterised by an intermediate amplitude 
reflection in the northern sector that increases further south where the 
discontinuity truncates SU3 (Figs. 10 and 12). D4 extends onto the shelf 
in the southern sector of the dataset and terminates against the upper 
slope in the northeast sector. 

SU4 is characterised by low amplitude sub-parallel to divergent re
flections on the shelf and upper slope, mid to very high amplitude 

parallel, sub-parallel and wavy reflections across the middle slope, and 
low to mid amplitude parallel, sub-parallel, transparent and chaotic 
reflections on the lower slope and rise. Reflections downlap D4 land
ward and seaward, and toplap D5 basinward. The unit is locally trun
cated by D5 in the southern sector and pinches out on the lower slope 
(Fig. 10). SU4 has a lenticular mounded configuration in the southwest 
sector that becomes more sheeted seaward and in the northern sector 
(Figs. 8 and 13), while the middle slope domain broadens and extends 
northwards (D5 in Fig. 9). The unit thickens towards the northern sector, 
where it reaches 1446 m, and shows HARs at its base landward on the 
middle slope (Figs. 8 and 11). 

SU4 comprises 3 subunits (4a, 4b and 4c), as summarised in Table 5. 
The primary depocenter of 4a is situated in the central and northern 
sectors, where the subunit has a maximum thickness of 614 m. In 4b the 
depocenter is bifurcated with two strands extending along-slope and 
ranging in width from ~10 km to ~38 km; they unify further north, 
showing a maximum thickness of 590 m and a mean thickness of 370 m. 
A bifurcated depocenter is also observed in 4c, with a maximum thick
ness of 600 m, and strands of similar width (~20 km). 

5.2.5. Seismic Unit 5 (SU5) 
SU5 is bound by D5 at the base and capped by D6. The D5 discon

tinuity shows evidence of erosion and is characterised by an interme
diate to high amplitude reflection, it is laterally continuous and can be 
traced from the shelf to the rise (Fig. 7). 

Internally low to high amplitude parallel, sub-parallel, divergent, 
transparent and chaotic reflections are observed. The reflections onlap 
D5 in a landward direction and gently downlap basinward, they also 

Fig. 7. Uninterpreted (A) and interpreted (B) regional cross section of a large contouritic drift body southwest of the studied Uruguayan continental slope, with 
indication of the main seismic units (SU1 to SU5) and discontinuities (D1 to D6) (seismic line courtesy of ANCAP). 
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toplap D6 basinward and are locally truncated across the upper and 
middle slope. Across the continental shelf, reflections are stratified; in 
contrast the upper slope is initially characterised by divergent re
flections in a lenticular mound above which, basinward progradation is 
observed, the unit reaches a maximum thickness of 1309 m in the 
southern sector (Fig. 11). Across the middle slope, the unit is sheeted and 
initially exhibits sub-parallel continuous intermediate to high amplitude 
reflections that become more discontinuous, and sometimes indistinct 
towards its top. The unit has a mean thickness of ~500 m except in the 
central sector, where it thins to <~300 m (Fig. 12). SU5 extends on to 
the lower slope (Fig. 13), showing a mean thickness of <~600 m in 
lenticular mounds characterised by stratified intermediate amplitude 
reflections that onlap D5 landward and toplap D6 basinward. The unit 
thins landwards across the middle slope, where increased evidence of 
erosion is observed (SU5 in Fig. 11). Across the rise, the unit appears as a 
thin sheet of low to intermediate amplitude parallel and sub-parallel 
reflections, some localised chaotic reflections being observed in the 
northern sector (Fig. 13). In SU5 the middle slope broadens, extending 
further to the northeast (Fig. 9). 

SU5 has two subunits (5a and 5b) that are summarised in Table 5: 5a 
is observed predominantly in the northern and southern sectors across 
the upper, middle and lower slope and has a maximum thickness of 473 
m; 5b is observed along-slope, with the primary depocenter on the upper 
slope where it has a maximum thickness of 697 m (see Figs. 7 and 11). 

5.2.6. Miocene to present 
The Miocene to present day sedimentary record is not analysed in 

detail in this work, but we offer some general considerations. Its basal 
boundary is D6 (Fig. 9) and it extends to the present-day seafloor. D6 is a 
prominent regional discontinuity that shows evidence of significant 
erosion (see Fig. 12), it is characterised by a low amplitude reflection on 
the shelf and to the south on the rise, to a high amplitude one across the 
slope. In the northern sector on the rise D6 coincides with chaotic 
reflections. 

Internally on the shelf, this sedimentary record features relatively 
continuous parallel and sub-parallel reflections that downlap D6 and 
toplap at the seafloor landwards. On the slope, high amplitude parallel 
and sub-parallel discontinuous reflections onlap proximally, though 

Table 4 
Seismic Units. 
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later the reflections decrease in amplitude —sometimes becoming 
transparent but increasing in lateral continuity. Toplapping is observed 
against the seafloor basinward and the unit is frequently truncated 
(Figs. 7, 12 and 13). Across the rise reflections at the base of the unit are 
low to high amplitude sub-parallel to slightly divergent basinward, and 
onlap the continental slope landwards. Younger deposits exhibit paral
lel, sub-parallel, transparent and chaotic discontinuous reflections that 
onlap the slope, with shallow truncation observed at the seafloor. 

Above D6, the primary depocenter on the margin shifts from the 
middle slope, where the studied sedimentary body developed, to the rise 
(Fig. 13). Across the shelf the unit has a thickness of ~850 m and on the 
slope it increases up to ~1050 m. In the primary depocenter thicknesses 

reach 1525 m (Fig. 11). Extensive normal faults are observed throughout 
the unit in this domain (Fig. 13). 

5.3. Main along-slope and down-slope features 

A number of main depositional and erosive features were identified 
at the seismic scale within the studied seismic units of the Paleogene 
succession along the Uruguayan Margin. 

Fig. 8. 3D inline 6200 detailing key seismic obser
vations in the northeast sector. The main seismic 
units (SU1 to SU5) and discontinuities (D1 to D6) are 
shown (courtesy of ANCAP. Original seismic data ac
quired by TOTAL). A predominantly aggradational 
stacking pattern is observed in SU1 to SU3, while in 
SU4 a subtle progradation is seen at the base, and a 
more aggradational stacking pattern is observed to
wards the top of the unit and in SU5. From SU2 to 
SU4 the units stack landward. This is particularly 
evident between SU3 and SU4. A key characteristic of 
the northern sector is the subtle mounded configu
ration of SU2, which shows divergent and wavy re
flections, and a concave channel extending along- 
slope. Normal faults cut the succession over a 
bathymetric high described from D1.   
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5.3.1. Along-slope (bottom current) depositional features: Drifts and 
sedimentary waves  

i) Contouritic drift 

The studied succession corresponds to a large contouritic plastered 
drift, based on its large-scale seismic characteristics and following 
Faugères et al. (1999). It extends across the slope of the Uruguayan 
Margin and beyond the extent of the dataset, its primary depocenter 
lying on the middle slope. The drift initiated in SU1 and developed 
through SU5. In the northern sector it has a cumulative thickness of 
2900 m and an across slope width of 160 km, while in the southern 
sector it has a maximum thickness of ~3414 m and a width of 150 km 
(Figs. 6 and 7).  

ii) Sedimentary waves 

Wavy reflections were identified at the transition from the middle to 
lower slope, they are exhibited within SU2 and SU3 in the central and 
northern sectors, and in subunits 4b and 4c across all sectors (Figs. 10 
and 13). They have wavelengths up to 4.5 km, wave heights up to 120 m, 
a lateral length of ~1–3 km and indicate a westward upslope migration. 
Reflections in the sedimentary waves vary in amplitude but are gener
ally low to intermediate. 

5.3.2. Along-slope (bottom current) erosional features: Contourite moat 
A moat identified in SU2 is subtle and partially truncates SU1 to the 

southwest, then evolves along-slope towards the northern sector, 
showing up to 120 m of aggradation (see Figs. 8-10 and 13). It has a 
width that ranges from ~10 km in the southern sector up to ~32 km in 
the northern sector; its depth is from ~30 m up to 80 m (S-N). Internally 

the moat is associated with HARs which are observed clearly in the 
southern sector (Fig. 10). 

5.3.3. Along-slope mixed (depositional and erosional) features: Contourite 
terraces 

Terraces are located across the middle slope at the top and landward 
parts of most of the seismic units of the large plastered drift (Figs. 6, 12 
and 13). They trend north-northeast and are associated with the 
bounding discontinuities D2-D6. In D2 the terrace dips shallowly land
wards into the moat with a gradient of 0.36◦ (D2 in Fig. 13), except 
across bathymetric highs (see Fig. 12), where a flat or slightly seaward 
dipping surface is observed which shows increased evidence of erosion. 
In D3-D6 the terrace dips seaward with a mean gradient of 0.98◦; it is 
separated from the lower slope by a north-northeast trending ridge (see 
D4 to D6 in Fig. 9). Local wavy reflections are often associated with the 
basinward part of the terraces and widespread HARs are observed across 
them (Figs. 12 and 13). 

5.3.4. Down-slope (gravitational) features 
Deposits with clinoforms are identified on the upper continental 

slope in its southern sector (see Figs. 5 and 7). A thick package of cli
noforms prograded approximately 33 km (D6 in Fig. 9) south-eastward 
into the survey in SU5. They have a maximum thickness of ~800 m and 
can be viewed in Fig. 7. Clinoforms were further observed in the 
Miocene to present sedimentary record. 

Chaotic reflections seen in SU4 and SU5 on the rise in the northeast 
sector (see Fig. 13) represent mass transport deposits (MTDs) at the base 
of slope. Down-slope submarine canyons were identified in the D6 
discontinuity, which truncates SU5 (Fig. 11). They are linked to a 
change in the depositional system during the Miocene to present (see 
Figs. 9 and 10). 

Fig. 9. Key surfaces for the main regional discontinuities identified (D1 to D6), where the main along- or across-slope features are included (see the text for further 
explanations), surfaces have a Z factor of 10 and show shaded relief. 
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6. Discussion 

6.1. Sedimentary interpretation and stacking pattern 

6.1.1. Interpretation 
The studied succession corresponds to a large plastered drift along 

the Uruguayan margin based on seismic facies and along-slope distri
bution as some authors have proposed in other continental margins 
(McCave and Tucholke, 1986; Faugères et al., 1999; Miramontes et al., 
2019; Rodrigues et al., 2020). It is bounded by the prominent and 
erosive basal and top discontinuities D1 and D5, and has its primary 
depocenter across the middle slope (Figs. 5 and 11). The drift is iden
tified by a distinct convex geometry in the northern sector where sedi
ment is focused towards the centre, and a more elongated geometry in 
the southern sector (see Figs. 7 and 8). Reflections range from more 
typical transparent low amplitudes (see Faugères et al., 1999) to very 
high amplitudes, and the seismic units have a broad sheeted to slightly 
mounded configuration that changes both laterally and vertically. The 
proximal part of the drift is associated with erosive along-slope features 
and displays an evolution from a moat or an erosive terrace across 
bathymetric highs in SU2, to a broad depositional terrace across the 
middle slope that is maintained until SU5; both the moat and terrace, 
which are associated with increased bottom current activity (Rebesco 
et al., 2014) exhibit HARs whilst sedimentary waves are observed more 
seawards throughout the drift succession, suggesting that these sec
ondary features are linked to bottom current activity. Similar general 
characteristics are described for other large plastered drifts in conti
nental margins (Rebesco et al., 2014; Hernández-Molina et al., 2018; 
Miramontes et al., 2019; Thiéblemont et al., 2019; Rodrigues et al., 

2020). 

6.1.2. Sedimentary stacking pattern 
Even though the plastered drift is a basin scale feature, the distinctive 

lateral and vertical changes within the sedimentary stacking pattern, 
described below, explain major changes in its overall geometry along
slope (Figs. 6 and 7). One important distinction entails lateral shifts 
between the seismic units. Between SU1 and SU2, the primary depo
center shifts along-slope from the southern to the northern sector. Then, 
between SU2 and SU4, a retrograde stacking pattern is observed. In SU5 
the depocenter becomes more distal again, as with SU1 and SU2 
(Fig. 11). 

SU1 has an aggradational stacking pattern, as mentioned, it is pref
erentially deposited in NW-SE oriented bathymetric lows, these lows 
represent downslope channels and are separated by channel-drifts (C1- 
C4 in Fig. 5) which together form a mixed turbidite-contourite system 
described by Creaser et al. (2017). Generally speaking, SU1 is a wedge 
that is thickest in the southern sector, it thins along-slope by 100’s of 
meters, and narrows to the point of pinching out proximally in the 
northern sector (Fig. 11). Within subunit 1b aggradation becomes 
localised on the lower slope (~40 km basinward of subunit 1a), and is 
associated with HARs (Figs. 9, 12). 

SU2 is also aggradational and lies near subunit 1b, on the lower 
slope. Its primary depocenter is in the northern sector (~70 km north
ward of SU1), where it infills more subtle NW-SE oriented bathymetric 
lows, and forms a subtle mound (subunit 2b in Figs. 8 and 13). Overall 
the unit is wedge-shaped; it thins towards the southern sector in 
conjunction with erosion. The unit likewise thins across the middle slope 
where the bottom current core is focused; yet in the northern sector this 

Fig. 10. Crossline 4500 detailing key seismic obser
vations in the West of the southern sector. The main 
seismic units (SU1 to SU5) and discontinuities (D1 to 
D6) are shown (courtesy of ANCAP. Original seismic 
data acquired by BG/Shell). SU1-SU3 show an aggra
dational stacking pattern which becomes prograda
tional in SU4, in SU5 the stacking pattern is more 
aggradational. The units step landward between SU2 
and SU4, while in SU5 aggradation is focused in 
proximal and distal domains. SU1 is thicker in the 
southern sector and the onset of aggradation is 
clearly observed in high amplitude reflections at the 
top of the unit; SU2 and SU3 are thinner in the 
southern sector. D2 shows localised erosion in a small 
channel that is the southern extent of the wider 
channel observed in the northern sector. D4 is highly 
erosive further South, clearly truncating SU3 on the 
middle slope. Normal faults are observed throughout 
all units, showing minor displacements.   
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creates the landward-dipping terrace adjacent to the moat and mound 
(Figs. 8, 10 and 13). 

In SU3 the stacking pattern is aggradational. The unit is localised on 
the middle slope (~28.5 km landward of SU2 in the northern sector, 
22.5 km in the southern sector), thus establishing the middle slope 
terrace (Figs. 6 and 13). Subunit 3a infills the moat of SU2 and forms a 
wedge due to increased accommodation space in the northern sector 
(Figs. 10, 11 and 13). Subunit 3b is more evenly distributed across the 
middle slope, with higher levels of aggradation seen for the central and 
southern sectors. 

In SU4 the stacking pattern changes, towards the southern sector 
obliquely basinward progradational reflections are observed (Fig. 7), 
whilst further north the unit appears more aggradational, as in SU2 and 
SU3 (Fig. 6). SU4 is situated 33 km more landward than SU3 in the 
northern sector and 24 km in the southern sector. Laterally subunit 4a is 
contained in the southern and central sectors, subunits 4b and 4c are 
distributed extensively across all sectors, tracing two separate along- 
slope oriented strands. 

SU5 has an aggradational stacking pattern resembling that of SU1, it 
is evenly distributed over the middle slope and increases in thickness on 
the lower slope (Figs. 11 and 13), unlike the previous units confined to 
the middle slope. 

6.2. Evolutionary stages 

In view of the obtained results, the major changes in the sedimentary 
stacking pattern and the outlined chronology, the drift can be classified 
into four broad stages: I) onset stage; II) growth stage; III) maintained stage, 
and IV) burial stage. The first three reflect changes in the depositional 
system and oceanographic setting of the plastered drift over time, until 
final burial between the Miocene and the present day sedimentary 
record. 

6.2.1. Onset stage (66 Ma – 56 Ma) 
The onset stage (SU1) forms a laterally extensive aggradational sheet 

characterised by low amplitude reflections. The base of the Paleocene 
(D1) marks a distinct change in the depositional environment, burying 
the older mixed contourite-turbidite system which formed under the 
influence of sluggish bottom currents (Creaser et al., 2017). Sediment on 
the shelf exceeded the Polonio and Plata Highs, thereby allowing for a 
reconfiguration of river systems that gave rise to the diversion of sedi
ment from the Punta del Este Basin southward, into the Salado Basin 
(Soto et al., 2011), and northward into the Pelotas Basin. At the same 
time down-slope processes shut-down, this starved the Punta del Este 
Basin from the start of the Paleocene (Creaser et al., 2017). This lack of 
sediment input, particularly in the southern sector, suggests that pelagic 
sedimentation dominated at this time. 

Therefore, the stage stands as part of a long-term pattern that 
emerged in the wake of marginal domination by gravitational and mixed 
(down-slope and along-slope) processes (Creaser et al., 2017; Rodrigues 
et al., 2021). SU1 would represent the beginning of a continental slope 
dominated by initially weak bottom currents, and the onset of a CDS. By 
the end of the Paleocene, increasingly erosive discontinuities, and 
localised aggradation in distal domains point to an expansion of deep- 
water bottom current activity (Creaser et al., 2017; Hernández-Molina 
et al., 2018). 

During Paleocene times (Fig. 14A) surficial circulation in the South 
Atlantic resulted from the Upper Pacific Water (UPW) and Agulhas 
Leakage (Uenzelmann-Neben et al., 2017). The former entered the 
Atlantic through the Central American Seaway (CAS) and flowed along 
the South American Margin before deviating eastwards at ~45◦S, which 
continued until ~6 Ma under the partial closing of the CAS, though the 
Agulhas current still flows into the Atlantic westward from the Indian 
Ocean (Uenzelmann-Neben et al., 2017). Coevally, one intermediate to 
deep water mass (Fig. 15A) circulated at depths up to ~2200 m (Via and 

Fig. 11. Seismic unit thickness maps, where the main along- or across-slope depocenters are shown (see the text for further explanations).  
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Thomas, 2006). It formed in the Weddell Sea and flowed northwards 
along the South American Margin to ~45◦S latitude, where it turned 
eastward and flowed into the Indian Ocean, achieving weak average 
velocities of about 5 cm/s (Uenzelmann-Neben et al., 2017). Authors 

Batenburg et al. (2018) explain that during the Paleocene the South 
Atlantic widened and deepened leading to an expansion of deepwater 
circulation, they state that by ~59 Ma a common deep-water signature 
could be identified in the South Atlantic, thus indicating increasingly 

Fig. 12. 3D crossline 7600 detailing key seismic ob
servations in the central sector of the studied area, 
over a bathymetric high. The main seismic units (SU1 
to SU5) and discontinuities (D1 to D6) are shown. 
(courtesy of ANCAP. Original seismic data acquired by 
BG/Shell). A predominantly aggradational stacking 
pattern is observed until SU4, which is prograda
tional, yet SU5 appears more aggradational again. 
Between SU2 and SU4 the units stack landwards, as is 
clearly observed after the D4 discontinuity, distinc
tive in the central sector due to increased truncation 
of SU3 on the middle slope. The onset of drift is 
clearly identified in high amplitude aggradational 
parallel and sub-parallel reflections at the top of SU1. 
D2 is locally more erosive on the rise. The channel is 
not evident, unlike elsewhere on the margin, the line 
dissects a relative basement high observed in D2 and 
D3 in Fig. 7.   
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efficient circulation that originated in the Southern Ocean. 
The onset of the plastered drift identified along the Uruguayan 

Margin agrees with the palaeoceanographic setting involving an initially 
diffuse and weak deep water mass flowing northward with a top 
boundary (interface) at about 2200 m water depth (Fig. 15A). 
Enhancement of this water mass towards the end of the Paleocene by 
early deep waters, caused a focused core localised to distal domains. 

6.2.2. Growth stage (Eocene ~56 – ~38 Ma) 
The growth stage (SU2 – SU4) began with a major northward 

depocenter shift from the Punta del Este to the Pelotas Basin, coeval to 
(and possibly driven by) uplift of the Andean Orogeny, which would 
have caused flexural subsidence on the margin (Cobbold et al., 2007; 
Morales et al., 2017; Honegger et al., 2018) (Fig. 11). Sediment trans
port and deposition were controlled primarily by along-slope processes, 
with only minor contributions from down-slope processes (Hernández- 
Molina et al., 2018). The paleoceanographic scenario (Fig. 14B) evolved 
during the growth stage (Pérez-Díaz and Eagles, 2017), it featured 

continuing expansion of deep-water circulation in the Early Eocene 
(Batenburg et al., 2018) and the possible initiation of a proto-ACC by the 
Middle Eocene (Uenzelmann-Neben et al., 2017). This configuration was 
due to greater connectivity between ocean basins in the South Atlantic 
and gateways in the Southern Ocean (Munday et al., 2015). 

During SU2 a relatively low velocity northward flowing core 
(Fig. 14B), constrained and focused by the morphology of the terrace 
and the adjacent slope, generated the moat and caused erosion in the 
southern sector. Sediment was redistributed to distal domains, where 
along-slope advection produced the subtle mound in northern sector. 
Bottom currents in the moat may have reached a local velocity of >10 
cm/s (Faugères et al., 1999); localised HARs observed within the moat 
and across erosive discontinuities in the southern sector (see Hernández- 
Molina et al., 2018) indicate intensified currents (see D2 in Figs. 10 and 
12). During SU3, however, bottom currents expanded further, they ran 
across the middle slope and caused seaward dipping of the terrace, 
laterally extensive HARs were very prevalent in the central and southern 
sectors further indicating this bottom current intensification (see Figs. 8, 

Fig. 13. 3D inline 4400 detailing key seismic obser
vations in the northeast sector. The main seismic 
units (SU1 to SU5) and discontinuities (D1 to D6) are 
shown (courtesy of ANCAP. Original data acquired by 
TOTAL). Within the units, aggradation is predomi
nantly observed against a steep slope. There is subtle 
evidence of progradation in SU4 and most proximally 
at the base of SU5, though it is significantly reduced 
relative to the central and southern sectors, with the 
units exhibiting a more sheeted configuration. After 
SU1 the units stack more proximally, which continues 
to the end of SU4. Intra-unit wavy reflections are 
observed in SU2; 3 and 4 and HARs are identified 
associated with D2, D3 and D4. The chaotic re
flections pertaining to an MTD on the rise are shown, 
and the more basinward depocenter described in SU5 
is also clearly observed here. Extensive normal faults 
found across the rise extend through all units, 
showing minor displacements.   
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12 and 13). Then, in SU4, the terrace broadened north-eastwardly, that 
is, slightly basinward; prograding clinoforms (Honegger et al., 2018) 
indicate an increased sediment supply likely associated with Andean 
uplift (Morales et al., 2017). Under the influence of more vigorous 
bottom currents across the terrace, these sediments were probably 
partially directed along-slope. All units thin towards the lower slope 
suggesting little or no deposition, and resulting in a steepening of the 

domain. 
The retrogradational stacking pattern is a key element of the growth 

stage. Authors Honegger et al. (2018) linked this to three cycles of base 
level change. We note that backstepping occurred at the terraces and is 
most evident in the southern and central sectors (across the terraces of 
D3 and D4), where erosion is highest (Fig. 13). Recent studies (e.g. 
Thiéblemont et al., 2019; Miramontes et al., 2020; Rodrigues et al., 

Table 5 
Seismic Subunits. 
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2020) discuss the association of terraces with plastered drifts and the 
processes modulating their formation; for example, on the margin ter
races of Argentina (e.g. Hernández-Molina et al., 2009; Preu et al., 
2013); Uruguay (Hernández-Molina et al., 2016); Mozambique (Thié
blemont et al., 2019) and South China (Yin et al., 2019). Along these 
terraces, the long-term effects of processes related to water mass in
terfaces (Rebesco et al., 2014) and internal waves/tides induced tur
bulent energy, causing more erosion and resuspension of sediments 
(Cacchione et al., 2002; Shanmugam, 2013). Internal solitary waves are 
known to be common in stratified water columns (LaFond, 1962; She
pard, 1975) and can measure 10’s of km in length, tending to have 
higher amplitudes at intermediate water depths and higher velocities in 
deep waters (Shanmugam, 2008). Hernández-Molina et al. (2018) 
explained that the sedimentary succession along the Uruguayan slope is 
controlled by two spatially shifting water masses that evolve over time: 
an intermediate southward flowing water mass, in conjunction with a 
northward flowing deep-water mass. The interface of these water masses 
would have shifted as the water masses themselves evolved spatially and 

temporally, which could explain the disposition of the terraces observed 
in the sequence. 

Truncation seen across those terraces and the presence of HARs —as 
is the case in D2, D3 and D4 (see Figs. 10, 12 and 13)—, are common in 
plastered drifts, particularly when situated against steeper slopes 
(Faugères et al., 1999; Rebesco, 2005; Rebesco et al., 2014), and high
light the effects of margin bathymetry on drift evolution. In addition, 
Hernández-Molina et al. (2018) identified scours, furrows, sand ribbons 
and 3D barchanoid dunes across the terrace associated with their major 
discontinuity DIV, which coincides with D4 (Fig. 4). The barchan dunes 
had a north-eastward (along-slope) migration, thus they are associated 
with the northward flowing bottom current whose velocity ranged be
tween 0.4 and 1.9 m/s by the end of SU3 (Stow et al., 2009). Further
more, the current could have been amplified by secondary 
oceanographic processes, e.g. internal waves/tides (Rebesco et al., 2014; 
Thran et al., 2018; Yin et al., 2019; Rodrigues et al., 2020). The local 
erosion observed in our study may have been caused by a spatially 
varying water mass whose temporally shallowing interface came to 

Fig. 14. Paleocene (A) and Late Eocene (B) South Atlantic Ocean circulation reconstruction models. Maps, locations and proto-Antarctic Bottom Water (pAABW) 
adapted from Pérez-Díaz and Eagles (2017). Upper Pacific Water (UPW) and Agulhas Leakage from Uenzelmann-Neben et al. (2017), intermediate/deep water and 
Circumpolar Deep Water (CDW) inferred from Via and Thomas (2006); Batenburg et al. (2018), proto-Antarctic Circumpolar Current (pAAC) inferred from Munday 
et al. (2015). Water circulation paths are qualitative and arrow length does not indicate current speed; dashed arrows indicate potential circulation depths and paths 
at the time. 
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modulate drift evolution (Fig. 15B). To the south, a lack of sediment 
accommodation space beneath the interface might explain increased 
erosion —these sediments would be eroded and redistributed under the 
influence of the vigorous currents to less energetic areas. The retrograde 
stacking pattern reflects the depths at which the interface of the deep- 
water mass interacted with the slope throughout time (Fig. 15B), 
meaning the succession could be a relic of the evolving Eocene paleo
ceanographic circulation. 

Oscillations of interfaces by internal waves/tides are commonly 
considered as a mechanism for generating bedforms (Rebesco et al., 
2014). For example, Miramontes et al. (2020) showed that internal 
waves were responsible for upslope migrating dunes atop a plastered 
drift on the Mozambican Margin, while Ribó et al. (2016) and Reiche 
et al. (2018) respectively suggested that such processes played a key role 
in the generation of sediment waves in the Mediterranean and on the 
Israeli Margin. In many cases sediment waves are described along the 
upward termination of terraces (Hernández-Molina et al., 2010; Mir
amontes et al., 2019; Yin et al., 2019; Rodrigues et al., 2020). Intra-unit 
landward migrating (WSW) sediment waves are identified on the distal 
flanks to the north of the study area in SU2 and SU3, and across all 
sectors in SU4 (see Figs. 8 and 13). They may have been caused by 
secondary oceanographic processes at the interface propagating 
perpendicular to the margin, as shown in the Fig. 15B and would thus 
correspond to a lower energy environment than the more proximal 
middle slope terrace, as suggested by previous authors (Hernández- 
Molina et al., 2018; Miramontes et al., 2019; Thiéblemont et al., 2019; 
Mestdagh et al., 2020), which would periodically encompass the middle 
slope as it evolves spatially. Similar upslope migrating sedimentary 
waves were identified by Campbell and Mosher (2016) on the distal 
flank of the Shubencadie drift on the Nova Scotia margin, they suggested 

that these waves were controlled by secondary helicoidal flow dynamics 
or internal waves. 

6.2.3. Maintained stage (~38 Ma – ~20 Ma) 
The maintained stage (SU5) (Fig. 15C) marks a change in the 

depositional environment, with a low amplitude aggradational sheet 
seen across the slope (Fig. 5), as previously reported by Morales et al. 
(2017) and Honegger et al. (2018). 

During the maintained stage the CDW (associated with proto-ACC) 
flowed up the Argentine Margin and deviated eastward at ~45◦ lati
tude (Munday et al., 2015; Uenzelmann-Neben et al., 2017). It 
strengthened by the Late Eocene (~37–35.5 Ma) following a deepening 
of the Drake’s Passage between 41 and 37 Ma, thereby admitting waters 
at intermediate depths (Fig. 15B) (Sarkar et al., 2019). The proto-AAC 
thermally isolated the Southern Ocean from warm sub-tropical waters, 
allowing large-scale ice sheets to form; these ice sheets affected deep- 
water source regions and gradually enhanced deep circulation (Katz 
et al., 2011). Around the Late Eocene, the proto-Antarctic Bottom Water 
(proto-AABW) —possibly initiated and/or enhanced— would have had 
a lesser density contrast with overlying water masses resulting in slower 
flows, but possibly similar pathways as at present (Pérez-Díaz and Ea
gles, 2017). From ~34 Ma (Eocene/Oligocene boundary) onward, the 
AABW became fully established as a dominant water mass in the 
Argentine Basin, where it generated large, detached asymmetric 
mounded drifts on the rise and abyssal plains (Hernández-Molina et al., 
2009, 2010, 2016; Gruetzner et al., 2011, 2012; Preu et al., 2012, 2013). 
Across the slope a relatively weak but efficient proto-CDW persisted 
until ~32 Ma, when it became more vigorous (Uenzelmann-Neben et al., 
2017). This further enhanced deep waters and caused them to deepen 
during the Oligocene, also affecting the proto-AAIW due to 

Fig. 15. Depositional model depicting key seismic observations and associated sedimentary and oceanographic processes. Bottom current arrows are qualitative and 
arrow length does not indicate current speed. Dashed arrows indicate potential circulation depths and direction at the time. 
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downwelling, and restricting the coldest Antarctic-sourced waters 
beneath it. This gave rise to the incursion of the North Atlantic-sourced 
Northern-Component Water (NCW), a precursor of the NADW, further 
southward in the Atlantic (Katz et al., 2011). By the Late Oligocene, as 
suggested by Uenzelmann-Neben et al. (2017), the Atlantic Meridional 
Overturning Circulation (AMOC) was at work, inferring efficient circu
lation in the Atlantic, similar to that of the present day. Hernández- 
Molina et al. (2009) and Gruetzner et al. (2016) noted that intensifica
tion of bottom currents in the Oligocene resulted in significant erosion 
across the Argentine Margin associated with their AR4 discontinuity, 
which encompassed depths occupied by the Antarctic sourced proto- 
AAIW, CDW and AABW. 

The plastered drift on the Uruguayan Margin shows minor vertical 
growth, the depocenter shifting to the lower slope, possibly caused by 
spatial changes in deep waters of the proto-CDW in the Oligocene, and 
the incursion of the NCW, leading the interface to deepen and limit 
further growth of the drift (Fig. 15C). The D6 discontinuity shows 
extensive erosion, truncating SU5 across the slope and rise, in agreement 
with a deepening and intensifying proto-CDW that largely eroded pre
vious contourite deposits on the margin. 

6.2.4. Burial stage (<~20 Ma) 
After D6, the plastered drift became inactive and was buried by 

younger deposits (Fig. 15D) marking a prominent change in the depo
sitional system during the Neogene. The primary depocenter is cross-cut 
by down-slope canyons, whose activity along the slope indicates a 
prominent gravitational influence (Burone et al., 2021). Significant 
turbidite deposits are observed on the adjacent continental rise (Morales 
et al., 2017) forming a new depocenter. This increase in basinward 
sedimentary input could be tied to later stages of Andean uplift affecting 
the margin (Uenzelmann-Neben et al., 2017), and a coeval fall in sea 
level further contributed to sediment supply in distal domains via down- 
slope channels (Hernández-Molina et al., 2018). During the Early 
Miocene, higher temperatures associated with the climatic optimum 
resulted in a shallower AMOC than today’s (Herold et al., 2012) and 
weakened the NCW. This permitted the well-established and deepened 
CDW to move further northwards, increasing its influence in the 
Argentine Basin (Uenzelmann-Neben et al., 2017). During the Miocene 
there was a higher influence of the AABW and NADW, as well as greater 
sediment input (see Hernández-Molina et al., 2009, 2010; Gruetzner 
et al., 2011, 2012). 

6.3. Conceptual implications 

The plastered drift of this study exhibits a range of sheeted to gently 
mounded units and a host of secondary erosive and depositional features 
(e.g. terraces, moats and a variety of bedforms) that, over millions of 
years, draw a complex CDS affected by two water masses and their 
respective interface. The drift itself corresponds to the main depositional 
element, which developed its depocenter where the energy owing to the 
bottom current from the deeper water mass was minimum. The con
tourite terrace, in turn, developed on the landward top of the drift, 
where the energy from the bottom current was maximum. The changes 
in the sedimentary stacking pattern described for the plastered drift shed 
light on its lateral and temporal evolution with regards to depositional 
processes, as well as local and regional bottom current processes and the 
long-term spatial and temporal changes in water masses and their 
interfaces. 

6.3.1. Margin morphology 
The occurrence of large plastered drifts and (associated) flatter ter

races modify the morphology of the continental slope completely. Three 
morphological types (herein Class A, B and C) of slope were recently 
described by Miramontes et al. (2019); the drift described in this paper 
evolves through morphological types, this is dependent on the evolution 
of the depositional environment and oceanographic setting, both 

laterally and temporally. Class A outlines a starved margin where 
vigorous/enhanced bottom currents result in a moat, with the formation 
of more mounded deposits along-slope, a trend observed at the top of 
SU1 and in SU2 (Figs. 15 and 16). Class B, in turn, describes a slope with 
a direct sediment supply swept by a coeval bottom current, resulting in a 
smoother seafloor with a progradational stacking pattern resembling the 
one observed in the southern and central sectors during SU4. Class C 
describes a starved margin with heterogeneous bottom current activity 
that generates typical plastered drifts across the slope with a convex 
geometry, as well as mounded features at the base of slope (similar to 
Type A). A Class C slope most appropriately applies to the drift after SU3 
when the margin is affected by multiple water masses (Fig. 15). 

6.3.2. Drift types 
Rodrigues et al. (2020) recently proposed a model describing three 

main types of plastered drift (Types 1, 2 and 3) based on lateral and 
vertical changes in their stacking pattern and observations from the 
Sines drift on the SW Portuguese Margin: Type 1) a sheeted plastered 
drift with a lateral erosive or non-depositional terrace; Type 2) a 
mounded plastered drift with a large V- or U-shaped moat; and Type 3) a 
tabular, concave plastered drift with a narrow V-shaped moat or valley. 
They explain that the different types evolve towards each other and 
towards other drift types. We observed, along the Uruguayan slope, 
similar characteristics both laterally and temporally. For instance, the 
drift resembles Type 1 at the top of SU1 and evolves towards Type 2 in 
SU2, with a proximal along-slope moat. Bathymetry acts as a key control 
factor, as is evident in the moat —smaller in the south across a shallower 
slope (Fig. 10), wider and deeper in the north adjacent to a steeper slope 
(Fig. 13), and replaced by an erosive terrace over bathymetric highs in 
the central sector (Figs. 12, 16 and 17). From SU3 to SU5 the drift 
evolves towards Type 1 when the basinward-dipping middle slope 
terrace is established in all sectors. These subtle alongslope variations in 
type within the same plastered drift body may be common, highlighting 
the importance of 3D seismic data for interpreting this system. 

6.3.3. Conceptual model for Uruguayan margin plastered drift 
The plastered drift on the Uruguayan continental margin (Fig. 17) 

has a distinctly different geometry between the southern sector, where 
an adjacent smoother upper slope and increased erosion resulted in a 
lightly mounded and elongated geometry (e.g. Preu et al., 2013; 
Hernández-Molina et al., 2018; Thiéblemont et al., 2019), and the 
northern sector, where a conventional terrace is tied to a convex shape 
and formed against a steeper slope (e.g. Hernández-Molina et al., 2016; 
Miramontes et al., 2020). During the growth stage in particular, seismic 
units are more elongated across the smoother slope in the southern 
sector, increased erosion could result from amplified bottom currents 
and secondary oceanographic processes at the water mass interface. The 
interface would have affected a large area of the smoother seafloor, 
further contributing to thinner units and owing to the drifts overall 
elongated geometry (Fig. 7). In the northern sector the seismic units of 
the growth stage are thicker and more mounded where they are confined 
against the slope (Fig. 6). Erosion is more constricted as the interface 
interacts with a smaller area of the steeper seafloor, this combination 
corresponds to increased accommodation space and owes to the overall 
convex geometry. The expansion of Antarctic deep waters during the 
growth stage caused a shallowing of the interface over time, as a result it 
interacted with the seafloor more proximally and has been preserved in 
the distinctive retrogradational sedimentary stacking pattern as units of 
the growth stage step back with the movement of the interface. In SU5 
the interface deepens again, eventually resulting in expansive erosion. 
This model, illustrated in Fig. 17, proposes lateral and temporal changes 
in the sedimentary stacking pattern and overall drift geometry owing to 
downcurrent changes in the bottom current behavior, bathymetry, and 
the variability of long-term water masses through time. 
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7. Conclusion 

A large buried Paleogene plastered drift is identified along the 
Uruguayan continental margin parallel to the middle and lower slope. It 
is made up of five main seismic units (SU1-SU5) and a number of sub
units subdivided by internal widespread erosive discontinuities, without 
stratigraphic conformity between the top bounded surfaces of seismic 
units and their internal layers. The drift itself corresponds to the main 
depositional element, developing where the bottom currents energy 
linked to the deeper water mass is minimum. The contourite terrace 
develops on the landward side of the drift, where the bottom current 
energy is maximum, and both processes related to the interface and a 
more vigorous shallower water mass. The drift is associated with ter
races, channels, and smaller bedforms (sedimentary waves), denoting a 
hierarchy of features tied to water mass circulation and interfaces, as 

well as further oceanographic processes (i.e. internal waves/tides). 
The sedimentary stacking pattern within the plastered drift allowed 

us to decode four long-term evolutionary stages: I) Onset Stage (66 Ma – 
56 Ma), whose basal surface represents a prominent erosional surface 
that marks the onset of drift, and after which extensive sheeted deposits 
develop; II) Growth Stage (Eocene ~ 56 – ~38 Ma), with a prominent 
landward retrogradational sedimentary stacking pattern (backstepping); 
III) Maintained Stage (~38 Ma – ~20 Ma) evidencing limited growth of 
the drift, and characterised by aggradational sheeted deposits and 
extensive erosion; and IV) Burial Stage (<20 Ma), which determines a 
major change in the margin evolution, entailing a shift of the main 
depocenter to deeper domains, thereby resulting in burial of the drift. 

The plastered drift formation is attributed to the influence of a 
deeper water mass, a shallower water mass, and their interface over 
millions of years. The aforementioned evolutionary stages and the major 

Fig. 16. Model depicting a class A margin after Miramontes et al. (2019), and the key along-slope drift type observed in SU2 after Rodrigues et al. (2020). Bottom 
current path is qualitative and arrow length does not indicate current speed. 

Fig. 17. Sketches displaying, in the southern, central and northern sectors, the key characteristics of the large plastered driftś lateral and temporal sedimentary 
stacking pattern, key features identified in the seismic interpretation. The authors envisaged a shallowing of the deep water interface between two water masses from 
SU1 (dark blue) to SU5 (light blue) during the Growth Stage, resulting in retrogradation. (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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changes in the drift depositional style would be a consequence of spatial 
and vertical changes in the water masses —the Growth Stage for 
instance, coincided with the expansion and intensification of deep-water 
circulation that forced a shallowing of its interface, which eventually 
modulated the formation of the proximal terrace at its top and gave rise 
to the backstepping stacking pattern. Smaller lateral and vertical changes 
along the seismic units and subunits by the plastered drift reflect local 
and regional bottom current processes and their interaction with the 
slope morphology. The slope gradient is a key controlling factor in the 
lateral bottom current behavior, which could explain the extensive 
erosion in the southern and central sectors and across bathymetric highs. 

This study has further demonstrated the potential of combined 2D 
and 3D seismic reflection data when characterising the lateral and 
temporal sedimentary stacking pattern and the evolution of a contouritic 
drift, as well as for decoding the dominant oceanographic and deposi
tional processes in its long-term formation. The 3D data can demonstrate 
the more subtle alongslope variations in these complex CDSs, whilst 2D 
data alone evidently under samples them in many cases. Similar studies 
are needed to better understand how and when —in geological time— 
such large contouritic drifts are generated, as they have important im
plications for basin analysis, paleoceanographic reconstructions, and 
energy geosciences. 
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