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ARTICLE INFO ABSTRACT

Editor: Michele Rebesco The Gulf of Cadiz Contourite Depositional System (GCCS) developed due to the interaction of the Mediterranean
Outflow Water (MOW) with the middle continental slope of the SW Iberian continental margin. The GCCS

Keywords: evolved in a complex tectonic setting within the foreland of the Betic Orogeny and near the Nubia-Eurasia plate

Deep-water Systems boundary. This study used tectonostratigraphic analysis of an extensive 2D multichannel seismic reflection

'?Z:t?rlllirclstes dataset to investigate how inherited basin configuration and tectonic activity controlled sedimentary stacking

Sedimentation pattern and evolution of the GCCS. Three regional tectonostratigraphic units (U1-U3) were recognised in the

Continental slope

margin. The younger seismic unit U3 corresponds to the Miocene-Quaternary foreland basin system where the

Gulf of Cadiz contourite system is generated. Seismic analysis also detected the dextral strike-slip Gil Eanes Fault Zone
(described herein for the first time), the Cadiz Fault, the Albufeira-Guadalquivir-Donana Basement High and
several diapiric structures. Integrated analysis of seismic profiles showing these tectonic structures with thickness
and earthquake distribution maps suggest four tectono-sedimentary domains. The distinct characteristics shown
by contourite features in the different domains, depends at broad-scale on the tectonic-control of the accom-
modation space (i.e., subsidence or uplift) and at local-scale on the presence of structural highs and fault-related
depressions. Both influence bottom-current circulation and thus the evolution of the contourite deposits through
the late Miocene and Quaternary. Three main stages have been recognised in the Gulf of Cadiz evolution: 1) the
region was the western continuation of the Betic Corridor until the final re-opening of the Strait of Gibraltar
(8-5.3 Ma). In this stage there is a predominance of turbidites or hemipelagic deposits, dependant on tectonic
activity; 2) with the final re-opening of the Mediterranean-Atlantic connection there is the onset of the Pliocene-
Quaternary contourite depositional system (5.3-2.0 Ma). Short-term changes in sedimentation during this stage,
from contourite to turbidite deposits, indicate periods of increased tectonic activity; and 3) after the onset of the
transpressive tectonic regime in the area (from 2.0 Ma), sedimentation became more homogeneous suggesting
stable conditions (decrease of tectonic activity) with dominant contourite deposition. This work highlights the
remarkable influence of structural features and tectonic events in controlling the seafloor relief and in turn in
influenced the local oceanic circulation processes that controlling the morphology and sedimentary evolution of

contourite systems.
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1. Introduction

The basin-scale development and architecture of deep-water sedi-
mentary systems depends on the interaction of tectonics, climate and
sea-level changes (Mack, 1978; Artoni et al., 2007; Leeder, 2011). Tec-
tonic activity can influence climate and eustatic changes, but interaction
among these phenomena remains poorly understood (Artoni et al., 2007
and references therein). Tectonics can influence the evolution of deep-
water sedimentary systems (Clark and Cartwright, 2009; Leeder,
2011) at regional scales by regulating lithospheric subsidence and uplift
(e.g., orogenesis and subduction accretion) and at local scales through
deformation by individual structures (e.g., folds and faults). Both con-
dition seafloor topography by creating geomorphologic highs or de-
pressions, which diverts or favour down- and along-slope sedimentary
processes (Clark and Cartwright, 2009; Hernandez-Molina et al., 2016).
The majority of studies addressing these topics have focused on tectonic
and structural control of down-slope processes such as landslides (Car-
lini et al., 2016; Ledn et al., 2020; Silva et al., 2020; Watson et al., 2020)
and turbidity currents (Clark and Cartwright, 2009, 2011; Ghielmi et al.,
2013; Tinterri and Tagliaferri, 2015). A relatively limited number of
studies have addressed the role of tectonics in the development and
evolution of contourite depositional systems (Garcia et al., 2009; Capella
et al., 2017; Bailey et al., 2021; Liu et al., 2021; Tilley et al., 2021).

The Gulf of Cadiz (Fig. 1a, b) is an excellent setting for investigating
the evolution of deep-water depositional systems in the presence of long
term to ongoing tectonic activity (Rosas et al., 2009; Rogerson et al.,
2012; Duarte et al., 2011, 2013; Hernandez-Molina et al., 2003, 2006;
Hernandez-Molina et al., 2014a, 2014b; Hernandez-Molina et al., 2016;
Llave et al., 2007, 2011; Sanchez-Leal et al., 2017). This setting has
favoured the development of an extensive contourite depositional sys-
tem along the northern continental slope of the Gulf of Cadiz (Llave
et al., 2007, 2011, 2019; Roque et al., 2012; Hernandez-Molina et al.,
2003, 2016 and references therein). Referred to as the Gulf of Cadiz
Contourite Depositional System (GCCS), this system formed due to the
circulation of the Mediterranean Outflow Water (MOW; Fig. 1b) into the
Atlantic through the Strait of Gibraltar following the reestablishment of
the Mediterranean-Atlantic connection after the Messinian Salinity
Crisis at 5.3 Ma (Flecker et al., 2015). Salt and mud diapirism have also
affected the system (Fernandez-Puga et al., 2007; Medialdea et al., 2009;
Matias et al., 2011; Garcia et al., 2020).

Although studies conducted thus far have addressed tectonic and
diapiric activity in the GCCS (Nelson et al., 1999; Llave et al., 2001;
Garcia et al., 2009; Roque et al., 2012; Hernandez-Molina et al., 2003;
Hernandez-Molina et al., 2014a, 2014b; Hernandez-Molina et al., 2016;
Garcia et al., 2020), these have focused on small and specific areas of the
system and thus lacked a basin-scale perspective. They also present only
general structural or spatial analysis and are restricted to the Late
Quaternary time frame. Uncertainties persist regarding the role of tec-
tonics and diapirism in the development and evolution of the Gulf of
Cadiz deep-water sedimentary systems (i.e., contourite and turbidite
systems) especially at regional scales since the late Miocene.

The present research offers a detailed tectonostratigraphic and
structural analysis of late Miocene through Quaternary deep-water
sedimentary systems in the Gulf of Cadiz based on an extensive 2D
seismic dataset (Fig. 1c). The research specifically sought to i) determine
structural influences on the development and evolution of the deep-
water sedimentary systems at basin-scale, with particular emphasis on
the GCCS, ii) present detailed structural and seismotectonic analysis and
mapping of the study areas including novel features such as the Gil
Eanes Fault Zone and iii) develop a model of tectono-sedimentary evo-
lution for the deep-water depositional system since the late Miocene.
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2. Regional setting
2.1. Geological and oceanographic setting

The Gulf of Cadiz encompasses the region west of the Strait of
Gibraltar between the SW Iberian and NW African margins (Fig. 1a, b). It
formed during the Triassic-Lower Cretaceous opening of the North
Atlantic and Western Tethys (Neo-Tethys) oceans (Maldonado et al.,
1999; Ramos et al., 2016). Extension was accommodated by E-W to ENE-
WSW normal faults and NW-SE to NNW-SSE transfer zones (Terrinha
et al., 2013; Terrinha et al., 2019a; Ramos et al., 2020). The transfer
fault system consists of the N-S Portimao Fault (Terrinha et al., 2003;
Fig. 1b) and the NW-SE Sao Marcos-Quarteira Fault Zone (Cabral et al.,
2017, 2019; Fig. 1b) which parse the Algarve Basin into distinct blocks.

Since the Late Cretaceous, Africa-Eurasia plate convergence has
determined the structural evolution of the Gulf of Cadiz (Vergés and
Fernandez, 2012; Terrinha et al., 2019b). Collision between these two
plates resulted in the development of the Betic-Rif orogenic system, also
known as the Gibraltar Arc, which comprises the Alboran back-arc and
the Guadalquivir and Rharb foreland basins (Vergés and Fernandez,
2012). Westward migration of the Betic-Rif domain led to the formation
of a massive chaotic body of deformed late Mesozoic-Cenozoic strata
around the Gulf of Cadiz region in the late Tortonian (~8 Ma; Maldo-
nado et al., 1999; Medialdea et al., 2004; Iribarren et al., 2009; Terrinha
et al., 2019b). The chaotic body includes the Gulf of Cadiz Accretionary
Wedge (GCAW) and related gravitational allochthonous units (Medial-
dea et al., 2004; Iribarren et al., 2007). The GCAW deposited over
remnant Tethys oceanic crust, and its development reflects eastward
dipping subduction of the oceanic lithospheric slab beneath the
Gibraltar arc (Gutscher et al., 2002; Terrinha et al., 2019b). The basin
also records late Miocene-Pliocene closure of the Medi-
terranean—Atlantic marine connections due to continuous continental
collision along the Betic-Rif Arc and isostatic rebound related to slab roll
back and slab-dragging (Duggen et al., 2003; Vergés and Fernandez,
2012; Spakman et al., 2018). These events led to the Messinian Salinity
Crisis (5.97-5.33 Ma; Flecker et al., 2015).

Presently, the SW Iberian margin experiences transpression and
NW-SE to WNW-ESE compression (Terrinha et al., 2009; Zitellini et al.,
2009; Cunha et al., 2012) at a rate of ca. 4.5-6.0 mm/yr (Cunha et al.,
2012; Vergés and Fernandez, 2012). The present-day kinematics
commenced no later than 1.8 Ma with the latest Iberian-African plate
boundary reorganization (Rosas et al., 2009). The plate boundary is
diffuse, with evidence of strain partitioning along WNW-ESE dextral
strike-slip faults (the SWIM faults) and NE-SW thrust faults (Zitellini
et al., 2009; Terrinha et al., 2019b). Seismicity along the northern
margin of the Gulf of Cadiz consists of frequent low to intermediate
magnitude events (M,, < 5.0, Fig. 1b). The region has experienced large
historical and instrumental earthquakes such as the 1755 Lisbon
Earthquake and Tsunami (M,y > 8.5, Baptista et al., 1998; Johnston,
1996), the 1969 Horseshoe Earthquake (M,, 7.0-8.0, Fukao, 1973), and
more recently, the 2007 Horseshoe Fault Earthquake (M,, = 6.0, Stich
et al., 2007).

The Mediterranean Outflow Water (MOW) exits the Mediterranean
Sea through the Strait of Gibraltar and flows as an intermediate contour
current along the SW Iberian Margin (Fig. 1b) between water depths of
500 and 1400 m (Sanchez-Leal et al., 2017). After exiting through the
Strait of Gibraltar, the MOW spreads westward along the SW Iberian
middle slope, where it has built up the GCCS (Fig. 1b) throughout the
Pliocene-Quaternary within the Algarve, Donana, Sanlucar and Cadiz
basins (Llave et al., 2007, 2011, 2019; Roque et al., 2012; Hernandez-
Molina et al., 2003, 2016).

Interactions with complex seafloor morphology (canyons, diapiric
ridges and basement highs) cause the MOW to split into two main
branches (Ambar and Howe, 1979; Serra et al., 2005; Zenk and Armi,
1990) including a less saline and warmer Mediterranean Upper Core
(500-700 m) and a more saline and colder Mediterranean Lower Core
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Fig. 1. Geographic location of the study area (white rectangle) and a) regional setting with the main tectonic structures. Black circles show earthquake locations
(Further details in Fig. 8 and Fig. S1 and S2); b) Detailed map of the study area showing the main structural features, the Mediterranean Outflow Water pathway and
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(800-1400 m). The Lower Core further divides into three minor 2.2. Palaeoceanography of the MOW and contourite features
branches referred to as the southern, the principal and the intermediate

branches.

Table 1

The connection between the Atlantic Ocean and the Mediterranean
Sea became established in the late Miocene through several marine
gateways in southern Spain (Betic Corridor), northern Morocco (Rifian

Main seismic facies for the U3 seismic sub-units (U3a to U3g). AB: Algarve Basin, DB: Donana Basin, CB: Cadiz Basin. Age estimates for the seismic discontinuities
were obtained from correlation with well data (Hernandez-Molina et al., 2016; Ng et al., 2021b).

Seismic Seismic Facies Average Seismic
sub-unit Shape and terminations Internal configuration thickness horizon 9
. SF 0 Ma
(F;’eg:‘onal c:)zapeftihgzg?etrg. . Good continuity, low to medium
g’ Orl Orrrl:/? z i d, Itn alsms amplitude reflections in the AB, and 0.13s
S ;eegr;ztrieoss gniglgllr?n:ufg:d to the stronger amplitudes in the basins TWT
’ ’ t f seismi it U2.
north of the AB. on top of seismic unit U
f 0.6-0.3Ma
Regional try. f I
. =ing (.jralped geome e Caniomabic Good lateral continuity, low to
in the basins' centre with U3e, but : : ) .
:3 onlabping in the marains or diapirs medium amplitude reflections in the 012s
D PpIng . g . AB. Stronger amplitudes in the TWT
Mostly aggradational, but mounded basins on tob of seismic unit U2
geometries in the north of the AB. P '
e 0.9-0.7 Ma
Regional draping geometw. ) Low amplitude reflection in the base,
Conformable to U3d, in the basins’ . . )
g ire. Mostl sational. but evolving upwards into higher 0.09s
> ERtlSe IS agg'ra SIS, B amplitudes. Good lateral continuity TWT
mounded geometries are observed to .
and sub-parallel reflections.
the north of the AB and DB.
Regional drapin met ai 1.54:8(Ma
egional craping geometry. , Internal reflections show variable
Conformable to U3c in the basins . . .
o) o . medium to high amplitude, good
centre, but onlapping in the margins or oo , 0.43s
™ o . lateral continuity, parallel reflections.
>  diapirs. Mostly aggradational, but . : TWT
: Semi-transparent facies also
mounded geometries are observed to b d
the north of the AB and DB. observed.
C 2.3-2.0Ma
Regional draped geometry, with Semi-transparent and weak sub-
t% infill geometry onlapping into the parallel reflections, with increasing 0.13s
D basins' margins. Aggradational amplitude towards the top and good TWT
deposits. lateral continuity.
b 3.2-3.0Ma
Infill geometry onlapping into the Low to moderate amplitudes evolving
Q basins' margins. Aggradational in upwards into high amplitude reflections,
™  the AB (max. 0.48 s TWT). Higher with good lateral continuity in the AB. OT-3V2T3
S sedimentary rates in the CB (max. Semi-transparent to weak amplitudes in
1.21 s TWT). the basins on top of seismic unit U2.
a 6.4 Ma
Transparent or very low amplitudes,
© Regional sheeted geometry. Mostly sub-parallel reflections. High amplitude
g aggradational, but channelized facies locally. Good lateral continuity in the 01;\1/3.'_3
are observed locally. AB, while poor continuity is observed 20t
. . ~ (o)
in basins on top of U2. T2/T3 80 Ma

AB: Algarve Basin, DB: Donana Basin, CB: Cadiz Basin

AB: Algarve Basin, DB: Dofiana Basin, CB: Cadiz Basin
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Corridor) and possibly also through the Gibraltar region (Flecker et al.,
2015; Krijgsman et al., 2018). Contourite features related to the circu-
lation of the palaeco-MOW have been recognised in both the Betic and
Riffian Corridors (Martin et al., 2009; Capella et al., 2017; de Weger
et al., 2020, 2021). Ng et al. (2021a, 2021b) recently reported evidence
for the existence of a late Miocene contourite depositional system in the
Gulf of Cadiz. Turbiditic deposits have also been recognised in the
Guadalquivir Basin and the Cadiz continental shelf (Riaza and Olmo,
1996; Ledesma, 2000; Mestdagh et al., 2020).

Continuous tectonic uplift of the Betic-Rif region caused closure of
the Mediterranean-Atlantic marine connections and exhumation of the
Betic and Rifian Corridors by the early Messinian, but exchange at
shallow levels could continue across a proto-Gibraltar Strait (Capella
et al., 2018; Krijgsman et al., 2018). Restricted circulation of palaeo-
MOW led to the Messinian Salinity Crisis in the Mediterranean
(Flecker et al., 2015) and general deposition of hemipelagites on the
Atlantic side of the margin (i.e., Gulf of Cadiz; Ng et al., 2021b).
Following early Pliocene re-establishment of the Mediterranean-Atlantic
connection, the Gulf of Cadiz has hosted water exchange between the
Mediterranean Sea and the Atlantic Ocean through the Strait of Gibraltar
(Rogerson et al., 2012).

Climatic and sea-level variations have caused depth and spatial
fluctuations in the MOW during the Pliocene-Quaternary (Nelson et al.,
1999; Hernandez-Molina et al., 2006; Voelker et al., 2006; Sierro et al.,
2020). During glacial episodes, the current possessed higher density and
salinity and would flow at deeper water levels (Rogerson et al., 2005;
Hernandez-Molina et al., 2006; Llave et al., 2006; Voelker et al., 2006).
During interglacial periods, a weaker MOW split into several branches
and occupied positions similar to those observed today (Fig. 1b, Rog-
erson et al., 2005; Llave et al., 2006).

The Pliocene and Quaternary development of the GCCS included
three main stages: i) the initial drift stage (5.33-3.2 Ma) with a weak
MOW and development of sheeted or mixed drifts, ii) a transitional drift
stage (3.2-2.0 Ma) with MOW intensification and upslope drift migra-
tion and moat development, and iii) a drift growth stage (2.0-0 Ma) with
continuous MOW enhancement and formation of large elongated
mounded and sheeted drifts (Hernandez-Molina et al., 2016).

3. Data and methods
3.1. Data

The data used in this study consisted of 2D seismic reflection profiles
and instrumental seismicity compilations covering the entire study area.
The 2D multichannel seismic reflection data came from the PDTO00-
PD00, P74, HE91, S81A and IAM surveys (Fig. 1c), which were pro-
vided (with a confidentiality agreement) by REPSOL, S.A. and TGS-
Nopec. The Supplementary Material (Table 1) list cruise details and
data acquisition parameters. The main processing steps included a pre-
stack time migration and the application of a bandpass filter. The
seismic dataset was calibrated with two industry wells drilled in the
Algarve and Cadiz Basins (Algarve-2 and GCMPC-1, respectively) and
Site U1389 from IODP Expedition 339 in the Donana Basin (Fig. 1c).

The IPMA earthquake catalogue (www.ipma.pt) covering the period
2003-2018 was used to identify relevant seismic events associated with
structures identified in this study (Fig. 1b, Supplementary Material
Figs. S1, S2 and Table S2). The catalogue includes 6400 events with
magnitudes ranging between 0.1 and 6.1. This database was supple-
mented by events recorded in offshore temporary networks from TOP-
OMED (Grevemeyer et al., 2016) and NEAREST projects (Geissler et al.,
2010; Silva et al., 2017). Both networks provide better estimates of
offshore seismic activity than those generated by permanent networks
(Grevemeyer et al., 2016; Silva et al., 2017). However, only a few events
occurred in the area during the time frame of interest.

The EMODnet Digital bathymetric compilation was used as a carto-
graphic base map for this study (http://www.emodnet-bathymetry.eu).
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It merges several high-resolution single and multiple beam bathymetric
surveys with composite digital terrain models (EMODnet Bathymetry
Consortium, 2018) at a grid cell resolution of ~115 m (pixel size of 1/16
arc minutes).

3.2. Methods

Seismic interpretation was performed using Petrel E&P software
(Schlumberger) and based on a tectonostratigraphic analysis (Nikishin
and Kopaevich, 2009). This consists on the identification of disconti-
nuities that separate tectonostratigraphic seismic units, which were
interpreted as being related to different tectonic episodes at basin-scale
(e.g., syn-rift, post-rift, syn-inversion) and to main local tectonic struc-
tures (e.g., faults, structural highs, diapirs, folds). The specific stratal
architectures displayed by tectonostratigraphic units reflect the tectonic
process active during the time of their accumulation (e.g., rifting). The
description of seismic facies follows the classic approach proposed by
Mitchum et al. (1977a, 1977b, 1977c). The identified tectonostrati-
graphic units were correlated with seismostratigraphic frameworks from
previous studies of the region (Maldonado et al., 1999; Ledesma, 2000;
Llave et al., 2011; Roque et al., 2012; Hernandez-Molina et al., 2016).
Seismic-to-well tie points and chronostratigraphic ages of Pliocene-
Quaternary regional discontinuities (Fig. 2) for the Gulf of Cadiz mid-
dle slope are thoroughly described in Hernandez-Molina et al. (2016).

Surface maps (in milliseconds two-way-travel time; ms TWT) were
generated for the main unconformities (T1, T2 and T3). The basal sur-
faces of the Algarve, Donana, Sanlucar and Cadiz basins were generated
by combining two seismic horizons of different age and geologic nature
(T2 and T3, Fig. 3). The composite surface represents the palaeo-
topography upon which the foreland basin system began to develop
(after ~8 Ma). The separation between the two horizons is represented
on maps as the GCAW front. A thickness map generated for the Miocene-
Quaternary sequence shows the regional key depocentres of the Betic
foreland. Maps also show the main tectonic and diapiric structures
(Fig. 3b, c). Seismic grid characteristics (e.g., distance between lines,
different resolution of seismic lines, etc.) and diapiric deformation
occurring after the age of 8 Ma, may result in some local inaccuracies in
the maps, which not invalidate their regional purpose.

Correlations between seismic events and tectonic structures consid-
ered both the proximity of the hypocentre to the structures and focal
mechanisms showing a fault plane orientation compatible with the
interpreted kinematics for the structure. The scattered nature, the high
number of events and uncertainties in their precise location made cor-
relations difficult. The GMT software (Wessel and Smith, 1998) was used
to plot vertical profiles with the depth distribution of the earthquakes.

4. Results
4.1. Tectonostratigraphy

Three seismic units (U1 to U3) bounded by discontinuities (T1 to T3)
appear along the Algarve, Donana, Sanlucar and Cadiz Basins (Figs. 3, 4,
5, 6) and document different phases of tectonic and structural control at
regional scales. Although the present study focuses on seismic unit U3, a
brief description is also presented for the basement and seismic units U1
and U2.

Basement

The basement is bound at its top by the seismic horizon T1, which is a
high amplitude reflection with good lateral continuity (Fig. 6). The
surface appears at shallower depths (<4 s TWT) as a structural high
referred to as the Albufeira-Guadalquivir-Donana High (AGDH). Inter-
nally, the basement exhibits discontinuous, high-amplitude, chaotic
internal reflections bounded by normal faults.
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SITE U1389

Fig. 2. Seismic sections crossing the Algarve-2, U1389 and GCMPC-1 wells. These show correlations between the recognised chronostratigraphic discontinuities and
the tectonostratigraphic seismic horizons identified in the study. MPB: Miocene-Pliocene Boundary, EPD: Early Pliocene Discontinuity, IPD: Intra-Pliocene
Discontinuity, LPD: Late Pliocene Discontinuity, EQD: Early Quaternary Discontinuity, MPD: Middle Pleistocene Discontinuity, LQD: Late Quaternary Discontinuity.

Seismic unit Ul

The seismic unit U1 consists of folded and faulted strata appearing as
reflections varying from high amplitude and laterally continuous to
more chaotic to transparent reflections with poor continuity. Ul is
bound laterally and at its base by T1 (Figs. 3a, 4, 5, 6). The unconformity
T2 bounds the unit's top and appears as a high amplitude reflection with
good lateral continuity. Locally, T2 truncates Ul and can appear as a
more conformable reflection (paraconformity) in the centre of the basin
(Figs. 3, 4, 5, 6).

Seismic unit U2

Seismic unit U2 appears as chaotic and transparent facies and ex-
hibits an irregular top and wedge-shaped front. It is bounded at its top by
unconformity T3, which records an abrupt change in seismic facies and
depositional style (Figs. 5, 6). T3 appears regionally as discontinuous
reflections characterised by lateral changes, with areas where the
reflection is continuous and shows high amplitudes or areas where it has
lower amplitudes depending on the higher or lower degree of defor-
mation of seismic unit U2.

Seismic unit U3

Seismic unit U3 exhibits a regional basin-infill geometry outlined by
continuous reflections that range from transparent to high amplitude. Its
basal boundary is marked by three distinct seismic horizons, T1, T2 and
T3 (Fig. 3a). Internally, U3 appears as several discontinuities in the
seismic record (from a to f) characterised by continuous reflections of
moderate to high amplitude that terminate as toplap or onlap features
(Figs. 4, 5, 6). These bound seven sub-units (U3a to U3g) described in
detail in Table 1.

4.2. Internal characteristics of seismic unit U3

Seismic unit U3 exhibits distinctive characteristics in each basin. The
Algarve Basin is an ENE-WSW elongated depocentre limited by the
palaeo-continental slope to the north and by the AGDH to the south
(Fig. 3). Here U3 reaches its maximum depth of 5.25 s TWT to the SW
(Fig. 3b). The thickness of U3 varies considerably within the Algarve
Basin. It reaches a maximum thickness of 1.88 s TWT in the east (dA-1,
Fig. 3c and Supplementary Material Table S3) and becomes thinner
(<1.35 s TWT) in the western part of the basin (Fig. 3c, Table S3). The
Donana Basin is a NE-SW elongated region between the AGDH and the
Guadalquivir Diapiric Ridge consisting of various small depressions
separated by diapiric highs. In this basin, seismic unit U3 developed NE-
SW elongated depocentres reaching a maximum thickness of 2.25 s TWT
(dW-6 and dW-7 in Fig. 3c). The Sanlucar Basin is an NNE-SSW trian-
gular-shaped basin widening towards the SSW and developed between
the Gualdalquivir Diapiric Ridge and the Cadiz Diapiric Ridge. The
Cadiz Basin developed in an NNE-SSW orientation bounded by the Cadiz
Diapiric Ridge and the Betic Front Thrust (BT in Fig. 3). The basin
consists of a main depression in the SSW that joins with the Sanlucar
Basin (maximum depth of 3.73 s TWT), where seismic unit U3 reaches
thicknesses of 2.77 s TWT (Fig. 3c), and an NNE region, where several
small, shallower rounded depressions are bound by diapirs. U3 hosts
four types of deep-water deposits. These include contourite drifts, tur-
bidites, gravitational deposits and hemipelagic sediments. Table 2 de-
scribes these depositional features.

4.3. Tectonic structures

Three main regional tectonic structures were identified in the SW
Iberian Margin separating the Miocene-Quaternary basins (Figs. 3, 4, 5,
6). These include the newly identified Gil Eanes Fault Zone and the
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-units and regional unconformities are shown.
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Seismic sections and their interpretation crossing the Gill Eanes Fault Zone (GEFZ) with lines P74 (a), PD00-705 (b) and P74-38 (c). The main seismic units

Fig. 1c gives profile location. AGDH: Albufeira-Guadalquivir-Donana Structural High. Red symbols relate to the direction of fault movement: the circle with a point is seen on the block moving towards the observer,

while the circle with a cross on the block moving away. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 4.
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Fig. 5. Seismic sections including seismic units, sub-units, regional unconformities and interpretations for IAMGC3 (a) and HE91-11 (b) crossing the Cadiz Fault
(CF). Fig. 5a shows the Albufeira-Guadalquivir-Donana High (AGDH). Figure indicates diapiric structures and mud volcanoes associated with the GCAW (U2) and CF.
Fig. 1c gives profile location. Red symbols relate to the direction of fault movement. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

previously known Cadiz Fault and Albufeira-Guadalquivir-Donana
Basement High (e.g., Duarte et al., 2011; Garcia et al., 2016). Local
diapiric structures also play an important role in the basins' layout and
evolution.

Gil Eanes Fault Zone (GEFZ)
The newly identified Gil Eanes Fault Zone can be observed in the
Algarve Basin between the Guadalquivir Bank to the east and the

Portimao Canyon and Albufeira High to the west (Fig. 3b, c). The seismic
sections displayed in Fig. 4 show deformation structures associated with
the Gil Eanes Fault. Several sub-parallel to parallel, partially over-
lapping fault planes, form a negative strike-slip flower structure rooted
in a sub-vertical fault (Fig. 4a, b). Structures also show signs of dip-slip
displacement, which locally affect the present-day seafloor (Fig. 4b).
The northern part of the structure hosts two main faults bounding an
anticlinal fold (Fig. 4a, b), which exhibits a general NNE-SSW
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orientation. Cadiz Fault (CF)

This complex structure distributed over an approximately 10 km The Cadiz Fault extends for approximately 150 km and trends NE-SW
wide (~E-W) zone extending for about 80 km in an NNW-SSE direction. to ENE-WSW starting from the Cadiz continental shelf and running south
The diffuse character of deformation, seismic resolution and distance of the Guadalquivir Bank (Fig. 3b, c). It separates the Donana (dW-6 and
between the 2D seismic grid lines make it difficult to precisely map this dW-7) and Sanlucar-Cadiz (dW-1) depocentres (Fig. 3c). The seismic
structure. It marks a change in margin architecture and delimits the end profiles (Fig. 5) show a sub-vertical fault ending in a bundle of sub-
of the Algarve Basin's elongate depocentre region (dA-1 to dA-5; Fig. 3c). parallel fault planes which deform U3. The Cadiz Fault was identified
Only one depocentre appears west of the fault (dA-6, <1.35 s TWT; as a strike-slip fault based on its negative flower structure geometry.
Fig. 3c). Minor vertical displacement (>0.5 s TWT) appears to locally offset the

present-day seafloor (Fig. 5b). Poor seismic resolution in U2 obscures
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Seismic sections showing the main depositional features recognised in this study along with general description and distribution.

Deposits Seismic Section Characteristics Distribution
N S M .
ounded to sheeted, asymmetric external
g shapes.
S
e} Low to high amplitude, sub-parallel and U3d to U3g - Algarve Basin.
% continuous reflections. Progradational sigmoidal U3d and U3e - Dofiana Basin.
§ - configuration, with onlapping and downlapping
8 § = terminations. Seawards the deposits show a
— more aggradational geometry.
5
8
[ N S
8 @ Sheet or sheet-drape external shape.
:E = U3c and U3d - Algarve Basin.,
- — Sub-horizontal deposits, with parallel to semi- U3c, Sanlucar and Cadiz
g = parallel continuous moderate to high amplitude Basins.
3 *&h{ reflections. Evidence of erosion can be observed U3c, U3fand U3g - Dofiana
ﬁ = on the flank of the deposits. Basin.
== U3b(?) to U3f - Cadiz Basin.
U-shaped convex and lateral lens external
8 geometries.
= U3a and lower U3b - Algarve,
S Sub-parallel, moderate to high amplitude, Dofiana, Sanlucar and Cadiz
'E continuous evolving upwards into discontinuous  Basins.
E reflections. Aggradational levees, laterally incised
by erosive channels.
= Lenticular external geometry, with deformed
g g internal architecture and an irregular top. Mostly upper U3b - Algarve
:g 3 Semi-continuous to discontinuous reflections Basin; Local gravitational
e o . : : : . deposits could be observed
> o changing upwards into chaotic reflections, with
© QA : . . throughout U3.
- moderate to high amplitudes. Transparent zones
o can also be observed.
]
) 2 U3a and lower U3b - Algarve,
g 8_ » Sheet-drape external geometry. Dofiana, Sanlucar and Cadiz
o g / Basins.
2 0 Parallel to sub-parallel, continuous reflections, U3 - western Dofiana Basin (as
aE: D with low to high amplitudes. observed in the seismic section).
T g
o 2 km

deeper parts of this structure.

Albufeira-Guadalquivir-Donana High (AGDH)

The AGDH is an elongated morpho-structural basement high that
extends for about 200 km (Fig. 3b, c). In seismic data it appears as high
amplitude triangular features with chaotic internal facies bounded by
normal faults (Fig. 6).

The T1 isobath map indicates the AGDH consists of three sectors
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from west to east (Fig. 7). Sector 1 (Albufeira High region) trends in an
E-W direction. Sector 2 corresponds to the Guadalquivir Bank. Sector 3
(east of the Guadalquivir Bank) trends in an ENE-WSW direction. Sectors
1 and 2 are divided by the Gil Eanes Fault. A sharp decrease in depth
(from 2 s to 2.75 s TWT) occurs between sectors 2 and 3 indicating the
presence of a NW-SE normal fault (F4 in Fig. 7).

In sectors 1 and 3, the AGDH reaches depths between 3 and 2.5 s
TWT. It is overlain by thinner sedimentary cover (seismic unit U3) in
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2017 and references therein). Red lines: location of seismic sections where the
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version of this article.)

sector 1 (<0.7 s TWT) relative to that observed in sector 3 (Figs. 5a, 7).
In sector 2, the AGDH crops out locally along the seafloor at water
depths of ~450 m. The AGDH represents the southern boundary of the
Algarve Basin and marks a ~ NE-SW area of reduced U3 thickness (0.04
sto 1.16 s TWT, Fig. 3c).

Diapiric structures

Several diapiric structures occur along the Algarve, Donana, Sanlu-
car and Cadiz Basins (Fig. 3b, c¢). These structures appear as isolated
bodies or elongated ridges such as the Guadalquivir and Cadiz Diapiric
Ridges, which separate the Donana, Sanlucar and Cadiz Basins.

Diapir-related deformation occurs more intensively in wedge-top
basins, where features form a network that encases small depocentres
(Fig. 3c). In seismic sections, the diapirs exhibit chaotic to transparent
seismic facies intruding U1 or U2 and sometimes the lower U3 (Figs. 4a,
5, 7a). The diapirs deform the upper sub-units of U3 with small-scale
faults developed on top of the diapir or by folding of the overburden
(Figs. 4a, 5). Some of the diapirs occur in association with the tectonic
structures described above. Within the Gil Eanes Fault zone, a diapiric
structure intrudes the east-bounding fault F2, which extends for at least
15 km in a NE-SW orientation (Figs. 3b, ¢, 4a). The Cadiz Fault mimics
the orientation of the Guadalquivir Diapiric Ridge and shows a diapiric
structure developed along the fault for ~110 km (Figs. 3b, c, 5).

4.4. Seismicity analysis

A significant number of seismic events (>6000) have occurred in this
region (Fig. 8; see Figs. S1 and S2). Events tend to exhibit low to in-
termediate magnitude (ML = 0.1 to 6.1) and occur at shallow (<5 km) to
intermediate depths (<80 km). Most of the earthquakes occur at depths
of 10-31 km with very few events below 40 km (Fig. S1). Event mag-
nitudes tend to categorize as micro-seismic (ML < 1.9; Fig. S2). The focal
mechanisms solutions in Fig. 8a (details in Table S2) show predomi-
nantly reverse fault motion (AGDH sector 3, Gil Eanes and Cadiz faults).

Earthquake clusters occurred along the AGDH in sectors 2 (in the
ENE) and 3 covering the Algarve and Donana Basins (Fig. 8a) with most
hypocentres between 20 and 29 km depth. Few earthquakes seem to
have occurred along the Cadiz Fault rendering it the boundary of a zone
with intensive seismic activity (Fig. 8a). The focal mechanism solutions
in Fig. 8a (details in Table S2) show predominantly reverse motion
(AGDH sector 3, Gil Eanes and Cadiz faults). Several transpressional
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events occurred along the AGDH sector 1 and the Cadiz Fault (codes 2, 6
and 10 in Fig. 8a and Table S2). A single normal event (code 1 in Fig. 8a
and Table S2) occurred in AGDH sector 2 (the Guadalquivir Bank) at a
depth of 32.9 km. In the northern Gil Eanes Fault Zone, seismicity
occurred mostly between depths of 10 to 29 km and with magnitudes
ML < 1.9 (Fig. 8a, Fig. S2). To the south of this feature, deeper events
occurred (20-39 km and a few at >40 km depth) including one strike-
slip event (code 9 in Fig. 8a and Table S2).

The P1 profile, a vertical cross-section that extends along the
southern Gil Eanes Fault Zone (Fig. 8b), shows that most hypocentres
display a complex distribution and occurred at depths between ~12 and
32 km. A second profile cutting across the Cadiz Fault (P2 in Fig. 8c)
shows numerous, dispersed hypocentres along the NW side of the profile
mostly at depths of 10-32 km. The SE of this profile and map shows
fewer events (Fig. 8a). A sub-horizontal layer of hypocentres along the
cross-sections P1 and P2 occurs at 32 km depth. Location estimates of
these events are somewhat uncertain.

5. Discussion
5.1. Chronostratigraphic constraints

The basement of the study area consists of Palaeozoic rocks (Vazquez
et al., 2015; Ramos et al., 2017) and appears only locally in the AGDH,
where it is overlain by seismic horizon T1 (Fig. 3a). Seismic unit Ul
correlates with folded Mesozoic (Triassic, Jurassic and Lower Creta-
ceous) and Palaeogene rocks (e.g., Ramos et al., 2017) of the inverted
rifted margin.

Seismic horizon T2 marks a basin-scale erosional episode separating
U1 from younger and less deformed sediments of seismic unit U3 in the
Algarve Basin (Fig. 3a). These relations indicate T2 correlates with the
basal foredeep unconformity (~8.2 Ma; Fig. 9) identified by Ledesma
(2000) and Maldonado et al. (1999) in the Guadalquivir Basin. In the
NW Algarve Basin, where the deformation associated to the Betic
orogeny was less intense, it is preserved an older unconformity (~20.5
Ma) that roughly correlates with the seismic horizon T2 (Roque et al.,
2012). It is also recognised in the onshore part of the Algarve Basin,
where it separates Upper Cretaceous from Middle Miocene deposits
(Terrinha et al., 2019b). Thus, the unconformity is diachronous repre-
senting several tectonic events that affected the margin during the
Miocene.

Seismic unit U2 corresponds to the GCAW and consists of deformed
Triassic, Cretaceous, Palaeogene and Neogene units (Maldonado et al.,
1999). Seismic horizon T3 corresponds to the top of the GCAW. Given its
final emplacement around 8 Ma ago, it likely formed in the late Torto-
nian (Maldonado et al., 1999; Iribarren et al., 2007). This seismic ho-
rizon then underwent more deformation during the Pliocene and
Quaternary.

Seismic unit U3 spans a Neogene-Quaternary timeframe with the
older deposits having a Burdigalian age in the NW Algarve Basin (Roque
et al., 2012), but Tortonian above the GCAW (Ng et al., 2021a, 2021b),
and the younger deposits corresponding to the Holocene (e.g., Llave
et al., 2011; Roque et al., 2012; Hernandez-Molina et al., 2016, Table 1
and Fig. 9).

Fig. 9 shows detailed ages for U3 sub-units together with the main
turbidite and contourite deposits that characterise this seismic unit.
Seismic horizon a correlates with the intra-Messinian Unconformity
(~6.4 Ma). This unconformity shows a regional change in sedimentation
from predominantly contouritic to hemipelagic deposits at about 6.4
Ma, while turbiditic deposits still appear locally (Ng et al., 2021b). Age
estimates for the seismic discontinuities b to f were based on correlating
these horizons with discontinuities described by Hernandez-Molina
et al. (2016); Figs. 2, 9). The seismic horizon b corresponds to the Late
Pliocene discontinuity (LPD, 3.2-3.0 Ma), and c corresponds to the Early
Quaternary discontinuity (EQD, 2.3-2.0 Ma). Seismic horizon d corre-
lates with a ~ 1.5-1.3 Ma discontinuity, and e correlates with the Middle
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Fig. 8. Earthquake distribution in the study area. a) regional epicentres distribution map and the estimated focal mechanisms (codes 1-11; see Supplementary
Material Fig. S1, S2 and Table S2 for further information). Burgundy lines: active faults (Cabral et al., 2017); b) Cross-section and bathymetric profile P1 across the
GEFZ southern sector and c) cross-section and bathymetric profile P2 along the wedge-top sector across the CF. Bathymetric profiles have a vertical exaggeration of
5x and the earthquakes projected are located within a 40 km radius. Abbreviations given in Fig. 1 and Fig. 3 captions. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of this article.)

Pleistocene discontinuity (MPD, 0.9-0.7 Ma). Seismic horizon f corre-
lates to the Late Quaternary discontinuity (LQD, 0.6-0.3 Ma).

5.2. Tectono-sedimentary domains

The character of seismic units, their regional structure and seismicity
distribution suggested four tectonic-sedimentary domains (A, B, C and D
in Fig. 10). These domains coincide roughly with the GCCS morphose-
dimentary sectors proposed by Herndandez-Molina et al. (2003, 2006)
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and Llave et al. (2007).

Domain A

Domain A occurs in front of the Betic Orogen, which includes the
Sanlucar and Cadiz Basins (northwest of BT in Fig. 10a). These basins
developed on top of the GCAW (U2) and constitute the main depocentre
(max. of 2.77 s TWT, Fig. 3c and Table S3) for the late Miocene-
Quaternary deposits (U3, Fig. 10b). Poor seismic resolution precluded
detection of U3a and the lower part of U3b (< 5.33 Ma) in these two
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Fig. 9. Chronostratigraphic chart and correlation of U3 tectonostratigraphic seismic sub-units with previously published seismostratigraphic models for the Miocene-
Quaternary Algarve Basin. BFU: Basal Foredeep Unconformity, M: Miocene-Pliocene Boundary, EPD: Early Pliocene Discontinuity, IPD: Intra Pliocene Discontinuity,
LPD: Late Pliocene Discontinuity, BQD: Base Quaternary Discontinuity, EQD: Early Quaternary Discontinuity, MPD: Middle Pleistocene Discontinuity and LQD: Late
Quaternary Discontinuity. *Locally, the base of U3a is the seismic horizon T1 (above the AGDH Sector 2) and T3 (above the GCAW).

basins, but seismic facies and the geometry of the deposits can indicate
that these sub-units consist primarily of hemipelagites and muddy
contourites (Tables 1 and 2, Figs. 5a, 10b; Hernandez-Molina et al.,
2016; Ng et al., 2021a, 2021b). Upwards, in upper parts of U3b to U3g,
along-slope deposits gradually become predominant and sheeted drifts
appear (Figs. 9, 10b; e.g., Hernandez-Molina et al., 2016). Nevertheless,
evidence for local down-slope processes, such as erosional channels, also
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appears throughout the seismic sequence (Fig. 10b). These channels
seem to erode pre- or syn-depositional contourite deposits.

Diapirism is a major process influencing the northern part of this
domain (Fig. 10a), where a network of diapiric structures controls
depocentre distribution (Fig. 3c). Diapiric structures consist of a com-
bination of Triassic evaporites and Miocene clays and marls (e.g.,
Fernandez-Puga et al., 2007; Medialdea et al., 2009). Some of these
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Fig. 10. Tectono-sedimentary domains identified in the Gulf of Cadiz (A, B, C and D) and their relations with the contourite depositional system. a) Map showing the

four tectonic domains and the depositional and erosional features associated with the GCDS (adapted from Herndndez-Molina et al.,

2006): 1) Lagos drift, 2)

Portimao drift, 3) Albufeira drift, 4) Bartolomeu Dias drift, 5) Faro drift, 6) Guadalquivir-Huelva drift, 7) Alvares Contourite Moat, 8) Guadalquivir channel, 9) Diogo
Cao channel, 10) Cadiz channel and 11) Huelva channel. Panels b), ¢), d) and e) show seismic lines for the large contourite features in each of the tectonic domains.
DDR: Donana Diapiric Ridge, PC: Portimao Canyon. Abbreviations given in Fig. 3 caption.

diapirs (e.g., the Cadiz Diapiric Ridge, Fig. 10b) locally deform the
present-day seafloor and create bathymetric highs that restrict lateral
extension of drifts (Fig. 10b) and control MOW pathways (Fig. 10a).
Diapiric activity may also influence turbiditic deposits observed in this
domain wherein vertical growth of diapirs creates local instabilities in
the sedimentary sequence. Most of Domain A exhibits a gentle seafloor
without major variation in relief and only local diapiric deformation (see
Fig. 10b). This favours the widening of the MOW circulation. Sheeted
drifts observed in Domain A (Fig. 10b) formed as a consequence of the
wider, non-focused current (Faugeres and Stow, 2008; Roque et al.,
2012). Presently, the surface consists of sand dunes and ribbons (prox-
imal scour and sand-ribbons morphosedimentary sector, Hernandez-
Molina et al., 2006) suggesting current enhancement.

Seismic analysis indicates this domain corresponds to the almost
aseismic zone observed S-SE of the Cadiz Fault (Fig. 8a, c). Given that
the subduction in the Gibraltar Arc may have ceased in Miocene times,
these observations support interpretations of a dormant accretionary
wedge (Maldonado et al., 1999; Gracia et al., 2003; Vergés and
Fernandez, 2012). However, seismicity and diapiric activity indicate
ongoing regional deformation (Figs. 3b, ¢, 8a). Modern deformation of
the GCAW also appears in seismic reflection and refraction data
(Gutscher et al., 2002, 2009), in bathymetric data (Gutscher et al., 2009)
and in analogue modelling experiments (Duarte et al., 2011).

Domain B
Domain B corresponds to the Donana Basin, which is separated from
Domain A by the Cadiz Fault (Fig. 10a). As with the previous domain,
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late Miocene-Quaternary infill (U3; depocentres dW-6 and dW-7, Fig. 3c
and Table S3) developed on top of the GCAW (U2). The basin consists
primarily of contourite deposits with mounded drifts that evolve up-
wards into sheeted geometries (Fig. 6b, 10c; Llave et al., 2007).

This domain exhibits intensive diapirism, which controlled the
sedimentary depocentre's evolution (Figs. 3c, 10a) by increasing ac-
commodation space via downbuilding processes lateral to diapiric fea-
tures. Diapiric structures similar to those observed as Domain A
influenced the growth of drifts and show a shift in internal geometries
from mounded to sheeted. Diapiric processes are also responsible for the
observed internal deformation of the contourite deposits (Figs. 5b, 10c),
which demonstrate syn- and post-depositional diapiric activity during
the Late Miocene-Quaternary timeframe. In contrast to Domain A, dia-
pirism within Domain B strongly affects the present-day seafloor
morphology directly or by associated faulting and/or folding (Figs. 1b,
10c). Diapirism also causes deflection of the MOW current pathway and
consequent formation of an intricate network of erosive channels
(Fig. 10a; e.g., Garcia et al., 2009; Hernandez-Molina et al., 2003). This
domain corresponds to the channels and ridges morphosedimentary
sector (Fig. 1b), described by Hernandez-Molina et al. (2006).

The present analysis could not determine whether the Cadiz Fault
represents an inherited structure. The seismic data specifically do not
resolve its relationship with syn-extensional strata (units below U2,
Fig. 5). Despite this, the Cadiz Fault trends in an orientation consistent
with the E-W to ENE-WSW rift normal faults (Terrinha et al., 2003,
2019a; Ramos et al., 2020). Although the seismic data did not offer clear
kinematic indication, focal mechanisms associated with the Cadiz Fault
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(Fig. 8a, Table S2) and regional tectonic setting (westward movement of
the Betic-Rif orogenic system; e.g., Vergés and Fernandez, 2012) suggest
a dextral transpressional motion.

Domain B (Donana Basin) hosted a high number of seismic events
throughout (Fig. 8a). The transition between this seismic region and the
aseismic Domain A occurs near the present-day GCAW front and in close
association with the Cadiz Fault (Profile P2 in Fig. 8c). These spatial
relations suggest that the front represents a lithospheric-scale structure
and may be a remnant of earlier tectonic events.

Domain C

Domain C corresponds to the eastern Algarve Basin (Fig. 10a) and is
separated from Domain B by the Albufeira-Guadalquivir-Donana High
(AGDH). Similar to the Cadiz Fault, this structure trends in orientations
consistent with the normal faults developed during Mesozoic rifting
(Terrinha et al., 2003, 2019a; Ramos et al., 2020). The structural high is
bounded by several extensional faults (Fig. 6) and is thus interpreted as
an inherited extensional horst. The AGDH Sector 2 exhibited normal
faulting (code 1 in Fig. 8a and Table S2) at a depth of 32.9 km. The depth
of this structure made it difficult to relate to potential reactivation of
structural highs.

In this domain, the late Miocene-Quaternary sequence (U3) devel-
oped above the inverted margin (U1) in the elongated depression east of
the Gil Eanes Fault Zone (dA-1 to dA-5, Fig. 3c and Table S3). U3 consists
of turbidite deposits and erosional channels (U3a) and prevalent con-
tourite deposits (U3b-U3g), whose mounded drifts evolve basinward into
sheeted geometries (Figs. 5b, ¢, 9, 10d; Llave et al., 2001; Hernandez-
Molina et al., 2006, 2016; Roque et al., 2012). The position of this
domain as the submarine continuation of the Guadalquivir foreland
basin indicates that Domain C also subsided during the late Miocene-
Quaternary (Ledesma, 2000; Garcia-Castellanos et al., 2002; Salvany
et al., 2011) due to tectonic loading by the Betic Orogen and changes in
lithospheric mantle thickness (Garcia-Castellanos et al., 2002). Subsi-
dence created accommodation space in the eastern Algarve Basin
thereby favouring preferential accumulation of contourite drifts in this
domain. The contourite deposits grew considerably in size (~50 km
width and 75 km length) and thickness (max. ~1.75 s TWT) to become
the main depositional sector of the GCCS (Fig. 10d). As noted above, this
domain corresponds to the contourite-deposition morpho-sedimentary
sector described by Herndandez-Molina et al. (2003, 2006); Fig. 1b).

The regional seismicity map shows a high earthquake density in
Domain C. Scattered seismicity occurs along the Algarve Basin and a
cluster of events occurred NE of the Guadalquivir Bank in AGDH sectors
2 and 3 (Fig. 8a). Deformation in foreland basin systems typically mi-
grates rapidly through the accretionary wedge towards the foreland (e.
g., Apennines Orogeny, Ghielmi et al., 2013). The recent convergence
between Nubia and Iberia seems to be accommodated near the GCAW
front (the Donana Basin region; Domain B) and the adjacent foredeep
(Domain C). This interpretation offers a better explanation for the
absence of seismic activity in the innermost region of the GCAW than
hypotheses of accretionary wedge inactivity.

Domain D

On the western side of the Gil Eanes Fault (Fig. 10a), Domain D hosts
only one small sedimentary depocentre (dA-6; Fig. 3b and Table S3). The
rest of this zone consists of a thin U3 (<1.35 s TWT). The NW-SE-
oriented Gil Eanes Fault zone trends in a direction consistent with rift
transfer zone structures such as the Sao Marcos-Quarteira Fault (Cabral
et al., 2017, 2019; Fig. 1b). The negative flower-structure observed in
seismic profiles (Fig. 4a, b, c¢) and the strike-slip focal mechanism of an
event occurring at 32 km depth observed in the southern Gil Eanes Fault
(code 10 in Fig. 8a and Table S2) support this interpretation, and thus we
suggest a dextral movement for this structure. At high resolution, Profile
P1 (Fig. 8b) shows sub-vertical lineaments of hypocentres in the region
of this fault zone (F1 and F3, at 15-28 km; Fig. 8a, b) with a deep event
occurring at ~49 km. The deeper events demonstrate that the Gil Eanes
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Fault is a lithospheric-scale structure.

As in Domain C, the late Miocene-Quaternary infill (U3; part of dA-5
and dA-6, Fig. 3c) developed on top of the inverted margin (U1). It
comprises hemipelagic and turbiditic deposits (U3a and lower U3b,
Tables 1, 2 and Fig. 10e), and sheeted to mounded contourite drifts
(upper U3b to U3g; Tables 1, 2 and Fig. 10e) (Hernandez-Molina et al.,
2016; Ng et al., 2021a, 2021b).

The limited development of U3 in the western Algarve region
(Fig. 10e) suggests limited accommodation space or sedimentary input.
Consistent with the lack of sedimentary depocentres (only dA-6, Fig. 3c),
contourite drifts become less extensive in this domain where they span
10-15 km in width and ~ 50 km in length (Fig. 10e). A history of uplift
rather than subsidence of Domain D may explain the lesser degree of
accommodation space relative to Domain C. Onshore deposits show
similar patterns. SW Portugal experiences higher rates of uplift (0.04 to
0.09 mm/yr) than the SE Algarve (0.03 mm/yr; Figueiredo, 2015; Neves
et al., 2015). Pereira and Alves (2013) also suggested that the area be-
tween the S and SW Iberian margins where Domain D occurs corre-
sponded to a major structural high separating the rift domains of the
central North Atlantic and west Tethys during the Mesozoic. The narrow
and incised slope morphology (Hernandez-Molina et al., 2006; Fig. 1b)
is clearly steeper (up to >20°) than that of other domains (<5°). This
could contribute to the lack of depocentres in Domain D. Portimao
Canyon (Fig. 10a) can also capture the MOW upper core (Marches et al.,
2007), which reduces its intensity and leads to smaller depositional
features. Furthermore, Portimao and Lagos Canyons drain the shelf and
upper slope sediments directly into the lower slope and thus limit
sedimentary accumulation in the upper slope.

5.3. Tectono-sedimentary evolutionary stages

The late Miocene-Quaternary record of SW Iberia documents a
complex interplay between sedimentary, palaeoceanographic and tec-
tonic processes (e.g., Duggen et al., 2003; Medialdea et al., 2004; Ter-
rinha et al., 2009; Zitellini et al., 2009; Duarte et al., 2013; Flecker et al.,
2015; Hernandez-Molina et al., 2016; Llave et al., 2011; Terrinha et al.,
2019a, 2019b).

Three tectono-sedimentary evolution stages were identified since the
late Miocene according to the major regional events that conditioned the
margin and its deep-water sedimentary system. These regional events
are: i) the Betic-Rif orogeny at ~8 Ma (e.g., Maldonado et al., 1999;
Medialdea et al., 2004; Vergés and Fernandez, 2012; Terrinha et al.,
2019a, 2019b), ii) closing and re-opening of the Gibraltar Strait, due to
vertical lithospheric movements (e.g., Duggen et al., 2003; Krijgsman
et al., 2018) and iii) the latest reorganization of the Nubia-Iberia plates
and onset of a transpressive tectonic regime at around 2.0-1.8 Ma (Rosas
et al., 2009; Zitellini et al., 2009).

Stage 1 (8.0 Ma - 5.3 Ma)

The seismic unit UI, composed of Mesozoic and Paleogene-middle
Miocene deposits, was deformed before the late Miocene (Terrinha
etal., 2019b). The GCAW (U2) was emplaced in the Gulf of Cadiz during
the in the last compressional phases of the Betic-Rif orogeny, which peak
occurred in the late Tortonian at ~8 Ma (Vergés and Fernandez, 2012).
The lower part of unit U3 (sub-units U3a and early U3b; ~8.0-5.33 Ma)
was deposited above a major erosional unconformity (seismic horizon
T2) that marks the beginning of the foredeep setting in the eastern
Algarve Basin (DeCelles and Giles, 1996). Eastward, in the Donana,
Sanlucar and Cadiz basins it developed on top of the GCAW, burying the
frontal part of the accretionary wedge. These basins formed as the
wedge-top sector (DeCelles and Giles, 1996) of the foreland basin
system’.

The morphology of the study area's seafloor between 8.0 and 5.3 Ma
(Fig. 3b) differed markedly from that presently observed (Fig. 1). An
ENE-WSW Algarve elongated depression (Domain C, probably
continuing further SW into Domain D, Figs. 3b, 10a, d) likely formed a
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wide submarine valley (depocentres dA-1, dA-2, dA-3 and dA-4 in
Fig. 3c). It extended NE into the Spanish margin to join the onshore
Guadalquivir Basin. By contrast, the Albufeira-Guadalquivir-Donana
High limited deposition of sub-units U3a and U3b as indicated by their
minor thickness in this area (Figs. 5a, 7b). The structure appeared to
play an important role in shaping basin architecture during the late
Miocene by establishing the boundary between the foredeep and wedge-
top depozones (Figs. 3¢, 7). Another structure that played an important
role was the Gil Eanes Fault, which influenced late Miocene sedimen-
tation by creating local accommodation space along the extension of the
fault zone where sub-units U3a and the lower part of U3b appear thicker
(Fig. 4b, c). Throughout the late Miocene, the connection between the
Atlantic Ocean and the Mediterranean Sea was established through the
Betic and Rifian corridors and possibly also through Gibraltar (Flecker
etal., 2015; Krijgsman et al., 2018). This suggests that the Algarve valley
(Domain C) represents the western continuation of the Betic Atlantic-
Mediterranean gateway, through which the palaeco-MOW circulated.
In the wedge-top sector, the palaeo-morphology documents widespread
diapiric intrusions (Fig. 3b), but Domains A and B indicate a similar
drainage direction. Incision of turbidite channels as observed in the
upper parts of sub-unit U3a along the Algarve valley axis (Fig. 3b, Ta-
bles 1 and 2) suggests the predominance of down-slope processes in the
early Messinian (<6.4 Ma). The same turbiditic system appears in the
Guadalquivir Basin, along the Cadiz continental shelf (Riaza and Del
Olmo, 1996; Ledesma, 2000) and in the Rharb Basin (Capella et al.,
2017). Local contourite features also appear (Martin et al., 2009; Capella
et al., 2017; de Weger et al., 2020; Ng et al., 2021b) in association with
paleo-MOW circulation prior to the Messinian Salinity Crisis. Vertical
lithospheric movements closed the gateways (Duggen et al., 2003). The
Betic corridor closed around 7.2 Ma and the Rifian corridor at 6.8 Ma to
trigger the Messinian Salinity Crisis (5.97-5.33 Ma; Flecker et al., 2015).
A regional middle to upper Messinian hemipelagic unit (~6.4-5.33 Ma)
overlies the turbidite and contourite deposits across the margin (Ng
et al., 2021b). Seismic horizon a (~6.4 Ma) documents this change in
sedimentation and indicates a decrease in tectonic activity in the Gulf of
Cadiz region.

Stage 2 (5.3 Ma - 2.0 Ma)

The Messinian Salinity Crisis ended at 5.33 Ma (Miocene-Pliocene
boundary) with the re-opening of the Strait of Gibraltar (Duggen et al.,
2003; Flecker et al., 2015; Krijgsman et al., 2018). This event changed
the oceanographic circulation in the Gulf of Cadiz by allowing the MOW
to flow into the Atlantic Ocean. The onset of widespread contourite
deposition in the Gulf of Cadiz area ensued (Llave et al., 2001; Roque
et al., 2012; Hernandez-Molina et al., 2016). Sub-unit U3b deposited
during early stages of weak MOW circulation and represents the GCCS'
initial phase of drift deposition (5.33-3.2 Ma, Fig. 9; Hernandez-Molina
et al., 2014a, 2014b). The unit exhibits a mixture of contourites with
intercalated turbidites and debrites (Hernandez-Molina et al., 2016).
Sub-unit U3c deposited during the subsequent transitional drift phase
(3.2-2.0 Ma, Fig. 9), which consisted of up-slope drift migration and
moat development (Hernandez-Molina et al., 2016). The change in drift
configuration suggests enhancement of bottom current circulation
coinciding with shifting climatic conditions from humid to cold and arid
in the late Pliocene at 3.4 Ma (Béthoux and Pierre, 1999). The MOW
became saltier, cooler and denser leading to current intensification
along the Iberian margin (Khélifi et al., 2009; Hernandez-Molina et al.,
2014a, 2014b; Hernandez-Molina et al., 2016). Seismic horizon b
(Fig. 9) records the shift in drift morphology and lithology (sub-units
U3b to U3c), which corresponds to a compressional phase at about
3.2-3.0 Ma. The age of this horizon indicates that it is contemporaneous
to a shift in the Iberia-Nubia plate boundary from N-S to NNW-SSE that
occurred at this time (Maldonado et al., 1999). The subsidence episode
observed in the Algarve Basin, which hosts extensive contourite deposits
(Domain C, Fig. 10d), also offers evidence of tectonic activity prior to the
LPD discontinuity (seismic horizon b).
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The change in sedimentation associated with seismic horizon b may
also relate to a decrease in tectonic activity after the hiatus associated
with the LPD. In this case, turbidites and debris deposits reflect slope
failure and instability caused by tectonic activity (Teixeira et al., 2019)
with contourite deposition becoming dominant under more stable con-
ditions. The Gil Eanes Fault zone continued to influence the basins by
separating the uplifted sector of the margin (Domain D) from the
Algarve Basin foredeep (Fig. 10b, e), while providing accommodation
space through movement along its trace (similar that operating in
Miocene times; Fig. 4). The fault's role diminishes with time with U3c
only showing thickness variation south of the fault zone (Fig. 4c). This
suggests that the Gil Eanes Fault becomes less active or even inactive in
accordance with a previously hypothesized decrease in tectonic activity
(at about 3.0 Ma). The AGDH continues to influence sediment distri-
bution during the Pliocene. The upper part of U3b and U3c still exhibit
reduced thicknesses on top of the structural high (Figs. 5a, 6b). This
feature also acted locally to separate the MOW into different branches
(Figs. 1, 10a; Garcia et al., 2009) and thereby form different contourite
drifts in the Algarve (Bartolomeu Dias drift in Domain C, Figs. 6b, 10a)
and Donana Basins (Guadalquivir-Huelva drift in domain B, Figs. 6b,
10a). Diapirism also influences depocentres of the Donana, Sanlucar and
Cadiz Basins (as can be seen in Fig. 3c) as evident from sediment dis-
tribution (Figs. 5, 10a, b, c).

Stage 3 (2 Ma - 0 Ma)

Final Iberia-Nubia plate boundary reorganization during the Gela-
sian resulted in a regional shift from a NW-SE transpressive regime to
one of WNW-ESE compression (Terrinha et al., 2009; Zitellini et al.,
2009; Cunha et al., 2012). Rosas et al. (2009) interpreted analogue
models and quantitative strain markers indicating SWIM faults reac-
tivated as strike-slip features by 1.8 Ma. However, Hernandez-Molina
et al. (2016) correlated this event with the Early Quaternary Disconti-
nuity (EQD, 2.3-2.0 Ma) found within GCCS contourite deposits.
Seismic horizon ¢ marks this subsidence episode in the eastern Algarve
Basin (Domain C; Fig. 10d). This horizon corresponds to a regional un-
conformity in the tectono-sedimentary Domains A, B and D (Figs. 4a,
10b, ¢, d, e) for the given time frame.

According to Hernandez-Molina et al. (2014a, 2014b); Hernandez-
Molina et al., 2016), sub-units U3d to U3g formed during the growth-
drift phase of the GCCS (Fig. 9), which began at about 2 Ma, coeval
with a strengthening of MOW circulation. Contourite deposits appear as
mounded and elongated drifts with moats in the Algarve Basin (Table 2,
Fig. 10d) and sandier sheeted drifts in the wedge-top basins (Table 2,
Fig. 10b, c). The consistent sedimentary staking patterns exhibited by
contourite deposits suggest stable persistence of depositional conditions
during this time. Diapiric activity also influenced depocentre distribu-
tion and local deformation of sub-units U3d to U3g in Domains A and B
(Figs. 5, 10c). The network of diapiric structures acted to separate local
depocentres and thereby determined accommodation space for sub-
units (Fig. 3c).

Drifts recognised in Domains C and D continue to exhibit distinct
characteristics (e.g., dimension) related to the different histories of these
domains (Fig. 10d, e). Subsidence in Domain C intensified during this
period (after seismic horizon d, 1.5-1.3 Ma?) as recorded by seismic sub-
units U3e, U3f and U3g. Seismic horizons e (MPD 0.9-0.7 Ma) and f (LQD
0.6-0.3 Ma), which separated the aforementioned sub-units, correlated
with phases of MOW intensification identified by Herndndez-Molina
et al. (2016). These occurred after the 1.3-1.0 Ma glacial MOW period.
Interpretations usually attribute bottom current enhancement to global
climatic and sea-level changes, but tectonic control cannot be excluded.

Previous research has documented evidence of Quaternary defor-
mation in the Gulf of Cadiz region (Gracia et al., 2003; Rosas et al., 2009;
Crutchley et al., 2011; Custédio et al., 2015; Silva et al., 2017; Cabral
etal., 2019; Lujan et al., 2020; Silva et al., 2020). Reactivation of WNW-
ESE SWIM faults as strike-slip structures since 1.8 Ma offers compelling
evidence of this deformation (Rosas et al., 2009). In onshore regions of
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the Algarve region, recent activity of the Sao Marcos-Quarteira Fault
deformed sediments deposited between 1.8 Ma and 130 ka (Cabral et al.,
2019). Present-day tectonic processes continue to influence the study
area as demonstrated by the extensive seismicity recorded (Fig. 8a,
Custodio et al., 2015; Silva et al., 2017). The predominance of reverse
focal mechanism solutions (Fig. 8a, Table S2) indicates continuing
compression along the margin. This demonstrates the role of tectonic
mechanisms in the on-going development of contourite features and
seafloor morphology (see details in 5.4).

5.4. Structural controls on contourite system evolution

Tectonic processes directly and indirectly control the evolution of
sedimentary basins at regional and local scales by influencing their
sedimentary architecture and depositional processes. The GCCS exhibits
different depositional and erosional features in each of the tectonic
domains described above (Fig. 10a). Three types of structural control
have been identified as the main elements involved in the development
of the GCCS. These are i) tectonic vertical movements, such as subsi-
dence or uplift, ii) fault-related depressions and iii) the presence of
structural obstacles (Fig. 11).

Tectonic vertical movements

Tectonic vertical movements are widely known as being responsible
for shaping the regional topography and by creation or destruction of
accommodation space at a broad scale. Thus, besides changes in the
bottom-current strength related to climate and eustatic variations, the
size and thickness of contourite deposits also reflects the space available
for sediment accumulation (Fig. 11a). In fact, despite being formed by
the influence of the MOW upper core flowing along the SW Iberian Slope
(Fig. 1b), contourite deposits developed in these tectono-sedimentary
domains show different characteristics (Fig. 10a, d, e) due to contrasts
in the inherited configuration of the Algarve Basin (Fig. 11a). In the
study area, it is observed that the main depositional sector of the con-
tourite system and where the deposits are thicker and wider (Fig. 3c,

y
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STRUCTURAL ELEMENTS CONTROLLING CONTOURITE EVOLUTION

(a) Tectonic Subsidence or Uplift

Subsidence led to increased
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Table S3) occurs in Domain C where subsidence was recognised (Bar-
tolomeu Dias Drift, Fig. 10a, d). Due to several Pliocene and Quaternary
subsidence episodes (details in 5.3), this area permitted the creation of
accommodation space and favours the development of these depo-
centres (Fig. 3c). Contrarily, in domains having experienced regional
uplift as Domain D (Fig. 10a), the observed contourite drift deposits
(Portimao Drift, Fig. 10e) were less extensive (Fig. 3¢, Table S3). The
uplift affecting Domain D enhances erosional processes by increasingly
elevating the seafloor relief, leading to the steepening the slope and
causing instabilities. It also reduces accommodation space and conse-
quently sediment accumulation. If a region is characterised by bathy-
metric lows or undergoes subsidence, the space for drift deposition is
increased when compared with areas undergoing uplift. Researchers
have described similar contourite deposit patterns in response to vari-
ations in tectonically controlled depositional space for the Hikurangi
subduction margin of New Zealand (Bailey et al., 2021) and in other
deep-water environments (Clark and Cartwright, 2009; Leeder, 2011).

Tectonic structures

Tectonic structures such as fault zones, basement highs and diapirs
can also condition the accumulation and geometry of contourite de-
posits, as they locally affect the seafloor morphology by creating nega-
tive or positive reliefs (Fig. 11b, c). Their impact on contourites can be
direct, by creating accommodation space locally for sediment deposition
or indirect by influencing bottom-currents circulation pathways and
strength. The Guadalquivir and Diogo Cao contourite channels devel-
oped in a NW-SE orientation along the southern Gil Eanes Fault Zone
and F4 faults, respectively (Figs. 4c, 10a). This suggests the influence of
these faults in the development of some sectors of the contourite chan-
nels (e.g., circulation through the local depressions resulting from the
faults' negative flower structures). The depressed areas associated with
negative flower structures act as a favourable path for bottom-current
circulation confining and enhancing the flow, favouring the erosion of
the seafloor (Figs. 4, 11b). Garcia et al. (2016) previously suggested
structural control of the Diogo Cao contourite channel by the Sao

(b) Fault-related Depressions

Contourite channel
develops along fault zone

Drift grows associated
with the channel

GEF fault zone

Sheeted drifts develop in
gentler reliefs

<——
MOW pathway

Diapiric activity creates 'local'
accommodation space

Fig. 11. 3D sketches showing the structural elements controlling contourite evolution including tectonic subsidence or uplift (a), the presence of structural obstacles

(b) and fault-related depressions (c). Not to scale.
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Marcos-Quarteira Fault. The identification of F4 and the Gil Eanes Fault
in the present study demonstrates the importance of inherited margin
structures in development of the GCCS. Previous research has recognised
the interaction between fault-related depressions and channel distribu-
tion in other types of deep-water deposits and specifically the confine-
ment or diversion of turbidite channels in the Levante Basin of the
eastern Mediterranean (Clark and Cartwright, 2009, 2011). In the
southern Gil Eanes Fault Zone, a contourite drift was recognised
extending through the Guadalquivir channel (Figs. 4c, 10a). We suggest
that this feature formed due to the combination of the confinement of
the MOW discussed above and the local increase of accommodation
space in this area. This is another evidence of fault-related morphology
controlling deposition of the GCCS.

Local subsidence induced by diapiric processes also was an impor-
tant influence on the evolution of contourite deposits in the study area.
Diapiric activity has a strong influence on the northern part of Domain A
and Domain B (Fig. 10a, b, c¢), with a network of diapiric structures
controlling sediment distribution and restrict the lateral extension of the
deposits (Fig. 10b). Depocentre formation occur laterally to areas of
diapir rise, increasing accommodation space due to downbuilding pro-
cesses. The available space for sediment accumulation is variable over
time, being directly related to the intensity of diapiric activity, but also
influenced by sediment input and current strength driven by climate and
eustatic changes.

The presence of structural obstacles on the seafloor, such as struc-
tural highs and fault-scarps, can lead to changes of bottom-currents
pathways and strength. In the Northern Hemisphere, due to the Corio-
lis Effect, the currents are diverted to the right, as is seen by the MOW
behaviour after it crosses the Strait of Gibraltar and enters the Gulf of
Cadiz (Fig. 1b). If any structural feature creates an important increase of
the seafloor slope gradients and is oriented perpendicularly to the di-
rection of flow, the current is forced to diverge from its path contouring
the obstacle (Fig. 11c). In the study area, this can be observed along the
AGDH and diapiric structures with seafloor expression (e.g., Gua-
dalquivir Diapiric Ridge; Figs. 1b, 6b, 10) in the tectono-sedimentary
domains A and B (Fig. 10a). Accordingly, the type of contourite drifts
developed is a consequence of the interaction of the MOW with seafloor
reliefs, which causes local enhancement of flow velocity along the foot
of the reliefs (Faugeres and Stow, 2008). The focusing of the MOW
circulation around these features increases the erosion along the foot of
the obstacles (forming contourite moats or channels) and favours the
lateral deposition of drifts with mounded and separated geometries, as
seen in Domain B (Figs. 10c, 11c). By contrast, when the seafloor con-
sists of smooth and gentle relief, such as in Domain A (Fig. 10b), the
bottom-current flow tends to be laminate and therefore the resulting
contourite deposits exhibit a sheeted geometry (Fig. 11c). These drift
shapes' related to slower bottom-current circulation conditions
(Faugeres and Stow, 2008), prevail when the MOW can flow more
uniformly along the SW Iberian Margin middle slope as in the case of the
Bartolomeu Dias Drift (Fig. 10d). Therefore, tectonic structures have a
direct impact in bottom-current circulation pathway and strength,
which consequently controls the type of deposit that is formed. Thus
strong, focused currents lead to mounded drifts, while weaker currents
are usually associated with smooth seafloors and can lead to the
development of sheeted drifts. The type of contourite drift (i.e., sheeted,
mounded and separated) may thus reflect basin-scale palaeo-topography
and structural features, besides the characteristic of the bottom-currents
and its changes through time. Similar variations in contourite drift ge-
ometries due to the presence of structural positive reliefs have been
reported for the SW Adriatic margin (Pellegrini et al., 2016), the
southern Bay of Biscay (Liu et al., 2019) and the South China Sea (Liu
et al., 2021).

Although, the different types of contourite deposits the Gulf of Cadiz
have generally been correlated to MOW changes driven by shorter term
global climate and eustatic sea-level fluctuations (e.g., Faugeres and
Stow, 2008; Hernandez-Molina et al., 2006, 2016), the tectonic
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processes and resulting structures also played a significant role as a long
term first-order control on contourite drift accumulation.

6. Conclusions

This study evaluated relations between tectonic history and deposi-
tional features in the Gulf of Cadiz. It identified two major structural
boundaries in the study area. The newly identified Gil Eanes Fault
bounds the western terminus of the Algarve foredeep basin. The Cadiz
Fault divides the margin into different lithospheric segments. Palaeo-
bathymetric relief inherited from the rifted continental margin in-
fluences the structural style of the Algarve, Donana, Sanlucar and Cadiz
basins. These inherited structures determine margin configuration and
delineate physiographic domains. They also determine late Miocene
sedimentary evolution including the main depositional and erosional
features of the Gulf of Cadiz Contourite Depositional System.

The sedimentary stacking pattern and bathymetry of the study area
reflect the interaction of regional tectonic processes, which conditioned
seafloor irregularities, and diapiric activity. Three main tectono-
stratigraphic stages have been recognised in the Gulf of Cadiz evolu-
tion: at 8-5.3 Ma; 5.3-2.0 Ma and from 2.0 Ma to present day. Tectonic
activity during these stages specifically controlled the position, dimen-
sion and types of the contourite depositional features through time. The
size and geometry of contourite drifts depend on tectonically controlled
depositional space at basin scale. Structural positive reliefs such as the
AGDH and diapirs can influence contourite drift morphologies, because
their steep and usually abrupt slopes forced the current to contour them
and thus favouring the accumulation of mounded and separated con-
tourite drifts. The associated moat develops close to the relief’ slope by
enhancement of flow velocity along the foot of these structural highs. By
contrast, when the seafloor I characterised by smooth and gentle relief,
the bottom-current circulation is slower and the contourite deposits
exhibit sheeted geometries.

These results of this study demonstrate the salient role of margin
structure and tectonics in the development of contourite depositional
systems. They control the sea-floor relief and in turn in influenced the
local oceanic circulation processes that determining the morphology
and sedimentary evolution of contourite systems. The study can serve as
a reference for future research on deep-water systems in active settings
or areas with complex inherited bathymetry (e.g., the Brazilian margin,
the Bahamas and the Mozambique Channel).
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