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A B S T R A C T

A seismic analysis of the Plio-Quaternary stratigraphy of the West Sardinian continental margin and adjacent
oceanic basin was conducted using single- and multi-channel seismic profiles. Two main chronostratigraphic
boundaries have been used: i) the Ms horizon, marking the base of the Pliocene and corresponding to the top of
the Messinian evaporites on the lower continental slope and deep basin, and the Messinian erosional truncation
on the upper slope and shelf; and ii) the newly identified A0 horizon, marking the base of the Quaternary (2.6
Ma). This study reveals key geological features affecting the Pliocene and Quaternary deposits: a) salt tectonic
structures, b) normal faults, c) volcanic structures, d) pockmarks, e) canyon systems, and f) regressive clinoform
system. These features are linked to tectono-sedimentary processes such as vertical movements, magmatic ac-
tivity, halokinesis and sediment dynamics. Vertical movements are associated with the thermal subsidence of the
Oligo-Miocene basin opening, water and sediment loading/unloading during and after the Messinian Salinity
Crisis, and Pleistocene uplift onshore. These movements resulted in the tilting of the margin, which influenced
normal faulting through reactivation of Oligo-Miocene faults, and the Plio-Quaternary depositional patterns.
Several normal faults acted as conduits for lower Pliocene magmatic activity and gas migration, forming vol-
canoes and pockmarks on the continental shelf and upper slope. Salt tectonics in the lower slope and deep basin
produced diapirs and rollover structures, significantly impacting the thickness and distribution of Pliocene and,
to a lesser extent, Quaternary deposits. Canyons system formation seems to be controlled by the interplay of the
Quaternary sea-level fluctuations with the margin’s ongoing tilting. Similarly, the regressive clinoform system
also results from these two factors, but is further influenced by erosion of uplifted Sardinian onshore areas.

1. Introduction

The West Sardinian passive continental margin, in the Western
Mediterranean Sea (Fig. 1a), originated during the upper Oligocene-
lower Miocene (uO-lM) rifting and drifting of the Sardo-Provençal
Basin. Several studies have shed light on its geodynamic evolution
(Cherchi and Montadert, 1982; Fais et al., 1996; Casula et al., 2001;
Faccenna et al., 2002; Finetti et al., 2005; Gattacceca et al., 2007; Car-
minati et al., 2012) and the effect of the Messinian Salinity Crisis (MSC)

and related salt morphologies, explored by Lofi et al. (2011), Geletti
et al. (2014), Dal Cin et al. (2015), Del Ben et al. (2018), Bellucci et al.
(2021a). Some authors analyzed the Plio-Quaternary (PQ) seismic facies
(Sage et al., 2005; Geletti et al., 2014; Dal Cin et al., 2015) and the
Pliocene magmatism of the Catalano Volcanic Field (CVF) (Conforti
et al., 2016). The difference in seismic facies between the Pliocene and
Quaternary is widely recognized in other margins of the West Mediter-
ranean Sea, such as the Tyrrhenian Sea (Selli and Fabbri, 1971; Fabbri
and Nanni, 1980; Mauffret et al., 1999), Sicily Channel (Civile et al.,
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2014), Alboran Sea (Juan et al., 2016; Ercilla et al., 2022), Ionian Sea
(Volpi et al., 2017 and references therein), Gulf of Lion (Leroux et al.,
2017) and Adriatic Sea (Špelić et al., 2021 and references therein). On
the contrary, there is a lack of detailed seismic studies about the PQ
stratigraphy and its facies and relationship with geologic structures in
the West Sardinian margin. In this study, we present a new interpreta-
tion of the PQ sequence of this margin and adjacent basin, focusing on
the tectono-sedimentary processes that have shaped the region over the
last 5.3 million years, with special attention to the influence of earlier
events, particularly the MSC. By analyzing the PQ sequence stratig-
raphy, distinguished by their different seismic facies, we explore the
shallower structures of the margin and document the geological events
affecting them during Pliocene and Quaternary times.

2. Geological framework

The West Sardinian passive margin, located in the Western Medi-
terranean Sea (Fig. 1a), structured following the opening of the Sardo-
Provençal basin (Fig. 1a), between 30 and 15 Ma (Cherchi and

Montadert, 1982; Rehault et al., 1984; Dewey et al., 1989; Rosenbaum
et al., 2002; Carminati et al., 2012; Lustrino et al., 2013). This period
was characterized by calc-alkaline volcanism, associated with subduc-
tion, which spread both onshore and offshore throughout the basin
extension (Franciosi et al., 2003; Gattacceca et al., 2007; Lustrino et al.,
2007a, 2007b, 2013). More recent sodic-alkaline magmatic activity in
the Corso-Sardinian block (Lustrino et al., 2013) began during the
Messinian (Casula et al., 2001), continuing through the Pliocene (Geletti
et al., 2014; Conforti et al., 2016), and into the late Quaternary (Conforti
et al., 2016), as evidenced by the Catalano Volcanic Field (CVF) in the
continental shelf (Conforti et al., 2016).

The region’s fracture systems (Torelli et al., 1990; Bigi et al., 1992a,
1992b; Fais et al., 1996; Faccenna et al., 2002; Sage et al., 2005; Oudet
et al., 2010) are primarily associated with the uO-lM extensional tec-
tonics (Cherchi and Montadert, 1982; Rehault et al., 1984; Fais et al.,
1996; Ferrandini et al., 2003; Gattacceca et al., 2007). The Oligo-
Miocene (OM) sedimentary sequence filled and covered the horst and
graben structures that originated during the rifting and drifting phases
of the Sardo-Provençal basin opening (Cherchi et al., 1982; Fais et al.,

Fig. 1. Location of the study area. a) The Sardo-Provençal basin is located in the Western Mediterranean Sea and opened following the anticlockwise rotation of the
Corso-Sardinian block along the North Balearic Fracture Zone (NBFZ); b) Zoom of the study area with position of the data used. The grey lines represent the position
of profiles used by Bellucci et al. (2021b), whose data were integrated in this paper. Bathymetry from “EMODnet bathymetry”, time-converted using a mean velocity
of 1500 m/s: bold lines every 1 s, dashed lines every 0.25 s. Land geology is from Carmignani et al., 2016.
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1996; Geletti et al., 2014). This sequence was later involved in the MSC
(Rehault et al., 1984; Cherchi et al., 2008; Geletti et al., 2014), which
was triggered by the closure of the Betic (Iberian) and Rifian (Morocco)
corridors and the consequent separation of the Mediterranean Sea from
the Atlantic Ocean (Clauzon et al., 1996; Krijgsman et al., 1999; CIESM,
2008). This led to the deposition of a 1600–2100 m thick evaporite
sequence in deep basins, typically classified into three units (Rehault
et al., 1984): Lower Unit (LU), Mobile Unit (MU, i.e., the salt) and Upper
Unit (UU) (Sage et al., 2005; Lofi et al., 2008, 2011; Lofi, 2018; Geletti
et al., 2014; Dal Cin et al., 2015; Del Ben et al., 2018). In the upper
continental slope and shelf, the main evidence of the MSC is the Mes-
sinian Erosional Surface (MES), a high-amplitude marker, often identi-
fied by the truncation of the pre-Messinian layers describing a clear
angular discordance with the overlying Pliocene conformable layers
(Clauzon et al., 1996). The MES is generally rugged on the shelf,
becoming smoother basinward (Lofi et al., 2007, 2011; Lofi, 2018) and
is commonly interpreted as the result of subaerial erosion, by river ac-
tion or retrogressive erosion (Loget and Van Den Driessche, 2006; Lofi
et al., 2007; Estrada et al., 2011). Several investigations have identified
Messinian paleo-fluvial networks on other margins of the Western
Mediterranean Sea, such as the Gulf of Lions shelf, Ebro margins,
Valencia trough and Alboran Sea (Stampfli and Höcker, 1989; Guennoc
et al., 2000; Lofi et al., 2007; Estrada et al., 2011; Pellen et al., 2019). In
addition, recent canyons systems, associated to the MSC by Harris and
Whiteway (2011), have been identified on the West Sardinian margin
(Ulzega, 1988). The deposition of the PQ sequence began after the re-
opening of the Strait of Gibraltar, when marine conditions were re-
established (Hsü et al., 1973; Lofi et al., 2005). The PQ sequence lies
above pre-Messinian units on the continental shelf and slope and above
the MSC units in the deep basin. It is characterized by a deeper marly
facies of low seismic amplitude and a shallower facies of high amplitude,
including turbidite deposits (Geletti et al., 2014). On the continental
margins, only the lower facies of the PQ sequence are typically present,
often deformed by salt structures, where present (Dal Cin et al., 2015),
while the complete sequence is preserved in the deep adjacent basin
(Geletti et al., 2014).

The West Sardinian margin remained tectonically stable during the
Messinian (Sage et al., 2005). However, since the Pliocene, extensional
activity occurred in the Campidano Graben (Fig. 1b), which has been
related to the east-ward moving Tyrrhenian mantle flux (Finetti et al.,
2005). This younger graben, partly superimposed on the OM Sardinian
rift system (Casula et al., 2001), has influenced the West Sardinian
margin reaching the Gulf of Oristano.

3. Data and methods

3.1. Data

We used 2D reflection seismic lines from multiple surveys, with
different resolutions, acquired between 1968 and 2010 (Table 1). These
were integrated with the seismic interpretation of Bellucci et al. (2021b)

for the deep basin (Fig. 1b). The primary dataset used in this work
consists of the WS10 seismic profiles, acquired in 2010 by the National
Institute of Oceanography and Applied Geophysics-OGS (Zgur et al.,
2010; Geletti et al., 2014) to explore the western and southern margins
of Sardinia. These medium resolution profiles provide detailed insights
into the Messinian and PQ units. Additionally, seismic reflection lines
AGIP68 (ES) and KIRL75, freely available on the ViDEPI (2009) website
database, offer extensive coverage of the continental shelf. The ES
dataset was acquired in 1968 by the Western Geophysical Co. for the
Agip oil company as part of an Italian government exploration project,
while the KIRL 75 dataset was acquired by Kilroy of Texas in 1975. The
MS project, also acquired by OGS, took place between 1969 and 1973
and covers the Mediterranean region. The CROP project (1988–1995), a
multidisciplinary research project, provides high penetration seismic
lines, reaching the lithosphere. The MS and CROP profiles improve the
2D seismic coverage and allow the correlation of the PQ features with
the deepest and oldest structures. The bathymetric data come from
EMODnet (2016).

3.2. Methods

3.2.1. Velocity field and seismic resolution
The generation of a detailed and reliable seismic velocity field is

crucial for accurate depth estimation of geological elements (Yilmaz,
2001). We used the conventional velocity analysis of the Echos© in-
dustrial seismic software (Fig. S1). The detailed velocity field allowed us
to determine sediment layer thickness. Selected seismic lines, identified
as crucial for our PQ analysis, were depth converted (Fig. S1b).

Seismic resolution is a fundamental parameter in the interpretation
of sedimentary geometries, especially of thin layers (Kallweit andWood,
1982). By integrating datasets with different resolutions, we were able
to identify deep features of different sizes. The PQ sequence, charac-
terized by the maximum frequency range and maximum seismic reso-
lution, shows many thin or small structures that are distinctly visible in
the higher resolution WS10 profiles. To emphasize the different reso-
lutions of the profiles used in this study, we compared a WS10 profile
with an ES profile. Both cross a shallow, thin sequence with sigmoidal
reflectors (c1) and a deeper, thicker sequence of oblique and parallel
reflectors (c2) on the continental shelf, at approximately the same
location (Fig. S2). Given that the PQ sequence has a velocity range of
1550–2000 m/s, the vertical resolution in the WS10 profiles is estimated
to be between 4 and 6 m, based on a dominant frequency of 85 Hz
(Fig. S2a). In contrast, the ES profiles, with a dominant frequency of
25–30 Hz, exhibit a vertical resolution of between 13 and 16 m
(Fig. S2b).

3.2.2. Seismic Interpretation
The interpretation of seismic lines in the West Sardinian offshore

region was conducted using Schlumberger Petrel® software, where
horizons, major faults and other geological features were manually
picked. As the studied area was affected by magmatic episodes at
different ages, we mapped the corresponding evidence using seismic
volcano-stratigraphy (Planke et al., 2000; Horni and Geissler, 2014;
Horni et al., 2017). Volcanic bodies typically exhibit a conical shape,
with high seismic amplitude at their flanks and top, and chaotic medium
amplitude internal reflections. Additionally, thin magmatic layers
around volcanic edifices are often characterized by continuous high
amplitude reflections.

Isochrone maps were generated using the convergent interpolation
algorithm, which is effective in maintaining general trends in data-
sparse areas, while preserving details where data is available. This
method proved optimal for handling the uneven data distribution across
the study area. For the Ms isochrone, constraint points for Messinian
outcrops alongshore were integrated, based on the onshore geology by
Carmignani et al. (2016), to ensure consistency. As with most 2D seismic
profiles, the produced maps are strongly influenced by the spacing

Table 1
Parameters of the interpreted seismic data.

Seismic
survey

Year of
acquisition

Source Streamer
length

Sample
rate

Data
length

WS10
project

2010 2 Gi-Gun
(11.6 l)

1500 m 1 ms 8 s

AGIP68
(ES)

1968 Aquapulse 1600 m 2 ms 4 s

KIRL75 1975 Vaporchoc 2400 m 2 ms 4 s
MS project 1969–1973 3 guns

(Flexotir)
2400 m 4 ms 6 to 10

s
CROP
project
(M1,
M2A1)

1988–1995 Air Gun (80
l)

3000/
4500 m

4 ms 16/17
s
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Fig. 2. Uninterpreted seismic profiles WS10–07 (a) and WS10–13 (b) and respective line drawings (a’ and b’). The rectangles highlight some of the main features discussed in this paper and in Table 2. Location map of
the two seismic transects: bathymetry with dashed lines every 0.2 ms and bold lines every 1 s (TWT). Zoom a1: The chaotic (rs) and more regular (ds) sequences could represent the deposition during the rifting and
drifting extensional phase, respectively. Zoom a2: buried Pliocene pockmarks. Zooms b1 and b2: supposed magmatic buildings. Vertical exaggeration: 5.

V.Frisicchio
etal.
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Fig. 2. (continued).
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between profiles. To address this, the bathymetry trend and random
points extraction were used to statistically extrapolate and interpolate
the distribution of small-scale features, such as salt diapirs, that would
otherwise not be imaged (Frisicchio et al., 2023). Isochore maps were

obtained as the difference (in TWT) between the shallower and the
deeper isochrone maps (e.g. the PQ isochore is obtained subtracting the
seafloor isochrone from the Ms isochrone).

Fig. 3. Physiography and dip analysis. a) Dip attribute on the EMODnet (2016) bathymetry. Artificial alignments are due to the position of data acquisition. ACS,
CCS and OCS are respectively the Alghero, Il Catalano and Oristano Canyon Systems; V are the outcropping volcanic bodies; the white, blue and red dashed lines
represent the offlap break, the transition from upper slope to lower slope, and the base of the slope, respectively. b) Part of the seismic profile WS10–09 in which the
l-PQ is more inclined than the u-PQ, suggesting a post-l-PQ increased tilting towards the deep basin. c) Part of the seismic profile WS10–13 showing a different u-PQ
thickness on the tilted outer shelf. d) Dip angle distribution of the different reflectors in legend, along part of the seismic profile WS10–13 (Fig. 2b), with the main
sedimentary features correlated to the variation of dip of the horizons. (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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4. Results

4.1. Physiography

The West Sardinian offshore region is divided into three main
physiographic provinces: continental shelf, continental slope and deep
basin (Figs. 2a, b and 3). The continental shelf is further subdivided into
the inner (down to 200 m water depth) and outer (down to 600 m water
depth) domains. The inner continental shelf in gentler (Fig. 2a, b) and
has a mean gradient of about 0.5◦, with local higher values (4–7◦)
(Fig. 3a). The outer shelf is steeper, with an average gradient of 1◦ in the
Alghero and Oristano area (Figs. 2a, 3a), while it flattens in the Iglesias
region (Figs. 2b, 3a). The inner and outer shelf are separated by a narrow
(200 m wide), steep (5◦ gradient) scarp (Fig. 3a). The continental slope
is steeper, ranging from 4◦ to 11◦. It can be divided into the upper (down
to 2300 m water depth) and lower (down to 2800 m water depth) slopes
(Fig. 3a), based on gradient variability. The upper slope shows localized
areas of steep inclination, reaching up to 15◦ where canyon systems are
present (Fig. 3a). In contrast, the lower slope (Fig. 2a, b) displays less
gradient variation (1◦ to 5◦). The continental slope transitions into the
deep basin, which features a predominantly horizontal seafloor
(Fig. 3a).

4.2. Seismic stratigraphy

We used specific chronostratigraphic markers (Fig. 4) to constrain
the PQ stratigraphy of the West Sardinian margin and adjacent basin: i)
Ms boundary (Fig. 5a), representing the base of the lower Plio-
Quaternary (l-PQ) deposits; ii) A0 (Fig. 6a) boundary, marking the
base of the upper Plio-Quaternary (u-PQ) deposits, and iii) the present-
day seafloor.

The Ms boundary is an erosive irregular surface of high amplitude on
the continental shelf and slope, and is concordant in the deep basin
(Fig. 2a, b). Ms truncates the pre-Messinian fractured sequence, creating
a variable hiatus in the upper pre-Messinian sequence (Figs. 2a1, b;
Table 2d) on the upper slope. It bounds the top of the Messinian UU

gypsum on the lower slope and deep basin (Fig. 2a, b). The Ms boundary
has a mean dip value of 4.6◦ (Fig. 3d) and reaches its maximum depth
(5.5 s TWT) at the Rhône fan, in the northwestern part of the study area,
where it appears undulated and quite irregular (Fig. 5a). To the south,
Ms has a depth of about 4.5 s TWT, is smoother with minor irregularities
(Fig. 5a). Concerning the A0 boundary, it is generally a concordant
surface, marking the transition from a lower, more transparent seismic
facies to an upper, more reflective one. This transition is more evident in
the northern part of the basin (Fig. 4). A0 has a mean dip value of 3.2◦

and, like Ms, is an irregular surface in the Rhône fan region (Fig. 6a),
where it reaches its maximum depth (4.4 s TWT). On the continental
shelf, A0 approximately coincides with the sea bottom (Fig. 6b). In re-
gard of the seafloor, it is commonly a high acoustic amplitude erosive
surface and appears irregular towards the Rhône fan (Fig. 1b), where it
reaches its maximum depth (4.2 s TWT).

These chronostratigraphic boundaries allow to divide for the first
time the PQ sequence into the l-PQ and u-PQ units and to characterize
their facies, distribution and thickness.

The l-PQ unit comprises parallel, stratified facies defined by
continuous reflections of low amplitude, which increases gradually up-
wards in the deep basin and more sharply in the continental slope. This
unit in commonly relatively thin (130 ms TWT thick) or absent in the
continental shelf (Fig. 6c). Here, where present, it is characterized by
stratified facies showing horizontal (Fig. 2a; Table 2a), and oblique
(Fig. S2) patterns, as well as transparent and chaotic facies (Fig. S3).
Locally, the lateral continuity of the l-PQ unit is affected by small de-
pressions (100 m wide, 20 ms TWT deep) (Fig. 2a2, b; Table 2c). On the
continental slope, the l-PQ unit is characterized by inclined and parallel
reflections, becoming wavy on the lower slope, where wedge shaped
strata are also observed (Fig. 2a, b, 7a2; Table 2e). The l-PQ reaches its
maximum thickness (1.6 s TWT) in the deep basin, particularly in the
Rhône fan region (Fig. 6c), where it also shows the greatest variability.
Here, the l-PQ unit is sometimes deformed by the presence of conical
structures (up to 1500 m diameter and 500–700 ms TWT in height)
(Fig. 2a, b).

The u-PQ unit is distinguished by high amplitude, well-stratified and
continuous reflections (Fig. 4). It is generally absent or relatively thin
(150 ms TWT) on the continental shelf and slope (Fig. 6b). Where pre-
sent on the shelf, the strata configuration is characterized by a wedge
shape geometry that is internally defined by sigmoidal reflections
(Fig. 2a; Table 2a), downlapping onto the A0 or Ms boundaries (Figs. 2a,
b, 3c; Table 2a, c). On the continental slope, the u-PQ unit shows parallel
reflections, which are sometimes inclined and wavy (Fig. 2a, b). The u-
PQ thickness increases sharply in the deep basin (up to 1.0 s TWT),
particularly towards the Rhône fan region (Fig. 6b), although it shows
less variability than the l-PQ (Fig. 6c). In this physiographic domain, the
u-PQ reflections are mostly horizontal and parallel, and locally wavy or
slightly inclined (Figs. 2a, 4).

4.3. Significant geological structures and features affecting the Pliocene
and Quaternary units

Different significant geological structures and features affect the
Pliocene and Quaternary units characterizing the West Sardinian con-
tinental margin and adjacent basin. They are the following: a) salt tec-
tonic structures, b) normal faults, c) magmatic volcanoes, d) pockmarks,
e) canyon systems and canyon fill deposits and e) regressive clinoform
system.

4.3.1. Salt tectonic structures
This type of structures plays a prominent role in deforming the entire

PQ sequence, both in the lower continental slope (Fig. 2b; Table 2e) and
adjacent deep basin (Fig. 4; Table 2f). These structures primarily consist
of diapirs, which can reach up to 1.5 km in width and 700 ms TWT in
height. The diapirs are rooted in the Messinian sequence and penetrate
both the lower and upper PQ units (pink area in Fig. 7), leading to

Fig. 4. Seismic facies in the West Sardinian margin. u-PQ = high amplitude
upper Plio-Quaternary unit; l-PQ = low amplitude lower Plio-Quaternary unit;
UU = Upper Unit and MU = Mobile Unit of the Messinian evaporites. Horizon
A0 separates u-PQ and l-PQ, Ms is the base of the Plio-Quaternary sequence.
Growth strata in the UU testify that halokinesis started during the Messinian.
Note the negative polarity (blue reflector) and the pull-up effect at the MU base
and the typical normal faults above the salt diapir. Vertical exaggeration of
WS10–05 (Fig. 1b for location): 5. (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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Fig. 5. a) Isochrone map of the Ms reflector/PQ base; b) Isochore map of the PQ thickness, v are volcanoes; see the text for comments. PQ faults are in black, OM
faults in grey in both panels. The outer limit of the Rhône fan deposits is the white dashed line. In blue the main rivers onshore Sardinia. Dashed contour lines every
0.25 s TWT, bold lines every 1.0 s TWT. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. a) Isochrone map of reflector A0, only based on available seismic profiles; b) u-PQ isochore; c) l-PQ isochore; the northwestern part of maps in b) and c) are
better defined thanks to the integration with data from Bellucci et al. (2021b); PQ faults are in black, OM faults in grey in both panels. The outer limit of the Rhône
fan deposits is the white dashed line. Dashed contour lines every 0.1 s TWT, bold lines every 0.5 s TWT.
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undulated and wavy configurations in the strata pattern. The salt related
deformation is evidenced by rotated UU and l-PQ blocks (Figs. 2b, 8a2;
Table 2e), bounded by rollover associated faults that modify the ge-
ometry of the Ms boundary (Fig. 3d). These faults flatten downward and
converge with the Messinian salt base (Table 2e). They also cut through
the PQ sequence, reaching and deforming the seafloor (Table 2e), where
they create undulations and small depressions (30–40 ms TWT). In
addition, typical crestal conjugate normal faults (Fig. 8c) form above
diapiric structures in the deep basin. These crestal faults converge
downward at the top of the salt diapir and cut the overlying l-PQ and u-
PQ units, locally reaching the seafloor (Fig. 8c), where they produce
small scarps (15–20 ms TWT).

4.3.2. Normal faults
These faults have subvertical planes and affect l-PQ and u-PQ units

mostly in the continental slope (Figs. 2b, 9a; Table 2c, d) and shelf
(Figs. 3a and 9b, c, d, e). They extend downward offsetting the Messi-
nian sequence (green colored lines in Fig. 7), where other similar faults
are imaged (brown colored lines in Fig. 7) and form horst-and-grabens
filled and covered by the chaotic OM sequence (Fig. 2a1). PQ sedi-
ments affected by normal faults appear tilted, locally wedge shaped, in
particular the l-PQ unit (Fig. 9a). The u-PQ unit is locally affected by the
normal faults (Fig. 2b1), with smaller displacements (15 ms TWT).
North of the Gulf of Oristano, normal faults abruptly cut the seafloor
(Fig. 9b, d, e), generating block tilting that has favored the outcropping

Table 2
Description of the main features of the West Sardinian margin on WS10 profiles. a) to e) location on Fig. 2a and b; f) location on Fig. 1b. The pre-Pliocene sequence is
assumed to be Oligo-Miocene (OM) in age.

Features Description Seismic

a) clinoform Clinoforms are the shallowest deposits enlarging the inner continental shelf.
Note the Messinian canyon completely filled by the PQ sequence.

b) Sediment mobilization
and pockmarks

The mobilized unit, located on the continental shelf, is characterized by low
amplitude chaotic reflections. Pockmarks deform Ms and some of the lower
Pliocene reflectors: these features are associated with the release of gas or
fluids.

c) Faulted pre-Pliocene
sequence and
pockmarks

The pre-Pliocene sequence (OM) is characterized by normal faulting,
creating a horst and half-graben structure. Ms erodes part of the OM
sequence. The lower part of the PQ sequence is characterized by growth
strata and pockmarks that do not reach the seafloor.

d) Messinian Erosional
Surface

On the shelf and upper slope, Ms is a high amplitude, erosive horizon,
recognizable by the onlap termination of the overlying strata and the
erosional truncation of the pre-Pliocene (OM) sequence. Since it is the only
Messinian element on the shelf and upper slope, the Plio-Quaternary
sequence lies directly above the OM megasequence.

e) Rollover structures The lower slope is characterized by a system of rollower structures that affect
the Messinian sequence: normal faults cut the Mobile Unit (MU), the Upper
Unit (UU) and most of the PQ sequence, where we can identify growth strata.
The base of the PQ conformably lies above the UU and no evidence of erosion
are present.

f) Halokinesis effects Halokinesis affects the PQ sequence producing thickness variability and
numerous faults (in blue). The black faults are pre-Pliocene, generally
related to the OM extensional phase.
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of pre-Messinian layers and the development of microfractures
(Fig. 9c2). These features at the seafloor create scarps (150 ms TWT
depth) and sub-rounded depressions (140 ms TWT relief, 500–1500 m
width).

4.3.3. Magmatic structures
Magmatic structures (volcanoes) are prominent features along the

West Sardinian margin, with both buried and outcropping edifices that
are located above the Ms boundary, particularly in the CVF area
(Fig. S3a), and are onlapped by u-PQ reflections (Figs. 2b1, b2, 9d).
These structures are characterized by conical cross sections, internally
defined by chaotic and transparent seismic facies (Fig. S3a), and display
circular shapes in plan view (Fig. 7). Based on their dimension, small,
medium and large volcanoes are identified. Small volcanoes measure
100–200 m in diameter and 40–120 ms TWT in height, with a medium

peak elevation of 110 m and basal depth of 170 m. They cut through the
PQ sequence and outcrop on the continental shelf, showing truncation at
their peaks (Fig. S3a and b). Medium volcanoes, measuring approxi-
mately 1.5 km in diameter and 200–300ms TWT in height, penetrate the
l-PQ sequence and only locally a few reach the seafloor (Fig. 2b1, b2).
Finally, three large volcanoes, with approximately 3 km diameters and
height up to 500 ms TWT, are located at the transition between the
continental slope and deep basin (Figs. 2a, 7 and S3c, d). These include:
the Alabe Hill (Fig. 2), an unnamed structural high (Fig. S3d), and the
Quirino Seamount (Fig. S3c), with peak elevations of 2390 m, 2320 m,
and 1880 m, and basal depths of 2750 m, 2600 m and 2140 m,
respectively. They are all onlapped by the pre-Pliocene sequence, and
among these, only the Quirino Seamount has been sampled, confirming
its magmatic lithology dating to the OM period (Lecca, 2000).

Fig. 7. New structural map of the West Sardinian margin. Fault systems in the West Sardinian margin interpreted in this work and partially recovered by literature
(Torelli et al., 1990; Bigi et al., 1992a, 1992b; Fais et al., 1996; Faccenna et al., 2002; Sage et al., 2005; Oudet et al., 2010), integrated with the volcanic buildings.
The Sinis Fault delimits the Gulf of Oristano and the Campidano Graben, acting like a threshold separating them from the western Sardinian shelf (De Falco et al.,
2022). Bathymetric contour lines are every 0.25 s TWT, bold every 1 s TWT (corresponding to 750 m). In the onshore area, the two main magmatic phases are taken
from Lustrino et al., 2013: UPV (Unradiogenic Pb Volcanic) and SR (subduction-related).
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4.3.4. Pockmarks
Pockmarks, ranging from 80 to 200 m in diameter, disrupt the lateral

continuity of the l-PQ and u-PQ deposits on the outer continental shelf.
These features typically display a V- shaped cross section that transitions
to a U-shape upwards (Figs. 2a, b, and S4). Pockmark seem to occur
above normal faults cutting both the pre-Pliocene and the PQ sequence
(Fig. 2a2, b; Table 2c) and appear vertically stacked, some of them
reaching the seafloor (Fig. S4a, b) and exhibiting a predominant NW-SE
orientation (Fig. S4a). Seafloor pockmarks are also mapped aligned
along a N-S valley extending into the Oristano Canyon System (Figs. 10
and S4a).

4.3.5. Canyon systems and canyon fill deposits
Three canyon systems with predominantly straight and rarely

sinuous trends have been recognized incising orthogonally the northern
sector of the West Sardinian margin and west of the Gulf of Oristano.
These systems follow NE-SW and E-W orientations (Fig. 10) and have
been named, from north to south, as Alghero (ACS), Il Catalano (CCS)
and Oristano (OCS). Branches a and c of the CCS were previously
identified by Ulzega (1988) as “Mannu Canyon” and “Putzu Idu”, while
branches c and d of the Alghero Canyon Systemwere collectively termed
the Logudoro Canyon by Ulzega (1988). These canyon systems, classi-
fied as shelf-incising, range from a few hundred meters to several kilo-
meters in width, particularly in their lower course, and from tens to a
few hundred meters in depth, especially in their upper course (Fig. 10).

Fig. 8. Effects of salt tectonics in the lower slope (a1, a2, b) and in the deep basin (c), where the PQ reaches a thickness of 1 s TWT, corresponding to approximately
1 km. Vertical exaggeration: 5. a) Segments of the seismic line WS10–07; b) part of the seismic line WS10–02; c) part of the seismic line WS10–04.
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Fig. 9. Examples of PQ normal faults in the West Sardinian margin. a) Part of the seismic line WS10–13: l-PQ unit shows wavy reflectors and buried pockmarks
related to gas rising through normal faults and mobilizing the sediments; b) part of the seismic line WS10–07: blocks rotation cause outcrops of a pre-Pliocene
sequence of unknown lithology with evidence of gas seeps; c) part of the seismic line WS10–05: some sedimentary mounds originated during the last deposi-
tional event, several faults cut Ms and the PQ sequence, often reaching the sea bottom and sometimes causing the outcropping of the pre-Pliocene sequence (sites of
suggested dredging); d) part of the seismic line WS10–07: faults cutting Ms and the PQ sequence, sometimes causing the outcropping of the pre-Pliocene sequence
(sites of suggested dredging); e) part of the seismic line WS10–02: two faults cut the sea bottom where the pre-Pliocene sequence outcrops, m1 is the first multiple.
Vertical exaggeration 5.
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Generally, they erode the subparallel u-PQ layers, and in some cases,
sedimentary deposits on both sides of the canyons dip towards the
thalweg on the outer shelf, as evident for the OCS (Fig. 11b). On the
continental shelf, the canyons are infilled with PQ sediments, obliter-
ating totally or partially their seafloor bathymetric expression (Fig. 11a).
A few canyons from the OCS erode reaching the Ms boundary. The
sedimentary fill, which typically exhibits a triangular cross-shape sec-
tion, consistently shows high amplitude reflections in the thalweg,
which are occasionally chaotic and sometimes U-shaped (Fig. 11b, d).

4.3.6. Regressive clinoform system
Seaward downlapping regressive deposits with progradational

sigmoidal reflections build a recent shelf clinoform system, 40 ms to 140
ms TWT thick and approximately 100 km long (Fig. 10). An offlap break

creates the narrow steep scarp mapped at the seafloor and that separates
the inner and the outer continental shelf. The clinoforms downlap the l-
PQ parallel (Fig. 2a; Table 2a) or wavy layers (Fig. 12b, c), or the older
Pliocene oblique reflections (Fig. 12b). In the northern sector, between
the Alghero and Oristano canyons (Fig. 10), the regressive clinoform
system reaches its maximum width (12 km) and thickness (140 ms)
(Fig. 2a; Table 2a). Here, the offlap break is characterized by higher
(10◦-12◦) slope values (Fig. 3a) and is associated with a chaotic unit
(Fig. 12a) at the base of the clinoform system. Southward, in front of the
Gulf of Oristano, the clinoform system is narrower (2 km) and thinner
(40 ms TWT), ending before it reaches the tilted outer shelf (Fig. 10).
Analysis of the dip values, obtained through the “local structural dip”
attribute applied on a depth converted seismic line (Fig. 12a1), reveals a
gradual landward increase in the dip of the foresets. In the northernmost

Fig. 10. Main features of the seabed, identified on the bathymetry and through seismic interpretation.
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area, the clinoform system directly overlies the Ms (Fig. 12a) whereas
further south, it downlaps (Figs. S2, 2a and 12b, c, d; Table 2a) onto the
eroded top of the underlying PQ sequence.

5. Discussion

During the PQ, several factors contributed to shaping the current
structure of the West Sardinian margin and the adjacent Sardo-Pro-
vençal deep basin. Here we discuss the different processes and events
that influenced the margin and basin development and their mutual
relationships (summarized in Fig. 13). We focus on the tectono-
sedimentary processes affecting the margin and adjacent basin
(Fig. 14), starting from concepts introduced by Fais et al. (1996), Sage
et al. (2005), Geletti et al. (2014). While these studies primarily focused

on the opening of the Sardo-Provençal basin and the MSC, they provided
limited insight into the PQ evolution of the study area, which this
analysis aims to address.

5.1. Stratigraphic age model

Our interpretation of seismic data, particularly the A0 reflector,
provides key insights into the timing of the processes shaping the West
Sardinian margin and adjacent basin. The A0 reflector, identified across
the study area, is correlated with the P11 reflector from Leroux et al.
(2017) through the intersection of the ECORS profile with our dataset
(Fig. 1) and the similarity in seismic facies. Since the P11 reflector is
constrained as the base of the Quaternary (ca. 2.6 Ma), in accordance
with the revised chronology by the International Commission on

Fig. 11. Details of profiles showing the Oristano Canyon System (OCS). The OCS-b, -c and -d branches show erosional truncation (yellow arrows) on both sides of the
canyons. a) location map. (b) Part of the seismic line WS10–14: the northern side of the convergence OCS-b, -c and -d branches, is covered by onlapping and plastered
deposits; c) part of the seismic line ES-127: the three branches are separated; d) part of the seismic line WS10–10B: only the OCS-d branch is currently active, while -b
and -c are filled and covered by PQ mounded deposits. “v” is for buried or outcropping structures interpreted as volcanoes; “m” is for multiples. Vertical exaggeration:
5. (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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Stratigraphy (Mascarelli, 2009), the A0 reflector can be hypothesized to
date back to the same age, coinciding with the intensification of the
Northern Hemisphere Glaciations, marked by a major sea level fall (Haq
et al., 1987). Based on this interpretation, we infer that the l-PQ and u-
PQ units correspond to Pliocene and Quaternary deposits, respectively.
The subdivision of the PQ sequence into the Pliocene and Quaternary
units, each with distinct seismic facies, has been commonly carried out
across various regions of the Mediterranean Sea, such as the Tyrrhenian
Sea (Selli and Fabbri, 1971), Sicily Channel (e.g. Civile et al., 2014),
Ionian Sea (e.g. Volpi et al., 2017) and Adriatic Sea (e.g. Špelić et al.,
2021). In the Alboran Sea, a similar reflector, known as BDQ, has been
interpreted as the base of the Quaternary (Juan et al., 2016). However,
previous works lacked precise age constraining for the A0 reflector. Our
research aims to offer additional insights that enhance the understand-
ing of the Pliocene and Quaternary depositional and tectonic history of
the West Sardinian margin.

5.2. Characterizing vertical movements

Vertical movements of the West Sardinian margin are intricately

linked to the regional subsidence and uplift trends. Key factors for the
occurrence of both movements include the interplay between thermal
subsidence, associated to the OM opening of the basin (Rehaut, 1981;
Savoye and Piper, 1991) and the effects of water and sediment loading,
ongoing since the MSC (Heida et al., 2022). The westward tilting of the
margin is evidenced by the increasing dip of older horizons (highlighted
in blue in Fig. 3d) and the westward-thickening growth strata within the
PQ sequence (Figs. 3b, c and 9a). The MSC, marked by a dramatic drop
in Mediterranean Sea levels (Haq et al., 1987), triggered both erosion
and deposition in the region. This sea-level drawdown produced litho-
sphere unloading, which in turn caused uplift in the basins and their
continental margins while subsidence occurred onshore (Norman and
Chase, 1986; Gargani, 2004; Roveri et al., 2014). Lower evaporite
deposition further influenced vertical movements, potentially leading to
significant slope angle changes (Govers et al., 2009; Garcia-Castellanos
and Villaseñor, 2011; Roveri et al., 2014). The loading of evaporites,
followed by further loading of seawater and sediments after the Zan-
clean reflooding, partially counterbalanced the earlier unloading related
to a thinner water column and to the eroded sediments on the West
Sardinian margin. This intensified subsidence and contributed to

Fig. 12. Clinoform systems of the West Sardinian margin. The blue horizon represents the base of the recent clinoform system, the red areas represent the volcanic
buildings (v). a1) local structural dip attribute of the depth-converted seismic line of panel a). Location of the profiles is defined in the bathymetric map e); the width
of the recent clinoform system has been depicted in Fig. 10, westward bounded by the offlap break; in d) the outcropping volcano could be easily dredged to furnish
the age of this magmatic event. Vertical exaggeration: 5. a) Part of the seismic line WS10–02; b) part of the seismic line WS10–15; c) part of the seismic line WS10–11;
d) part of the seismic line WS10–10B. (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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ongoing tilting and fault reactivation of the margin (Brun and Fort,
2011). Furthermore, the continental uplift due to isostatic rebound
likely intensified erosion through a feedback process (Gargani et al.,
2010). Evidence of Pleistocene uplift in the Sinis Peninsula (Barca et al.,
2016; Cocco et al., 2019) and late Miocene marine deposits at 650 m
above sea level in Capo S. Marco (Funedda et al., 2012; Coltorti et al.,
2015) further support the hypothesis of regional tilting. In the northern
Campidano region, Cocco (2013) suggests an uplift of several hundred
meters, related to a lithospheric structure originating from the
pre-Pliocene evolution of the western Mediterranean. The tilting of the
West Sardinian continental margin is closely linked to the reactivation of
the OM inherited faults on the continental shelf (Fig. 9b) and upper slope
(Fig. 9c, d). Some of these faults extend to the seafloor, favoring local
outcropping of pre-Messinian layers, which offer excellent opportunities
for dredging the pre-PQ sediments for dating purposes (detail of
Fig. 9c2). Recent faults separate the inner continental shelf from the
tilted outer shelf blocks. This activity appears to be of Quaternary age, as
indicated by the high amplitude west-ward thickening Quaternary
growth strata (Figs. 2a2 and 9a).

5.3. Magmatic activity

The West Sardinian margin exhibits significant volcanic activity that
took place in two main phases (a single pulse in OM and two pulses
during the PQ), as defined by Lustrino et al. (2007a, 2007b). The coin-
cidence of Ms with the base of the volcanoes (Fig. S3a), here charac-
terized in the continental shelf and slope, is consistent with one of the
events that took place during the early Pliocene, mostly in the area off
the Gulf of Oristano (Lustrino et al., 2007a, 2007b; Geletti et al., 2014;
Conforti et al., 2016). In contrast, the magmatic structures surrounding
the San Pietro Island (SW of Sardinia) are dated to the middle-upper
Miocene (Deiana et al., 2021). The volcanic structure mapped at the
boundary between the continental slope and deep basin seem to be
older. The Quirino Seamount (Figs. 7, S3) (Finetti and Morelli, 1974) is
dated to the OM period (Lecca, 2000). The Alabe Hill (Fig. 7) has never
been dated (Geletti et al., 2014; Würtz and Rovere, 2015), although its

physiographic location and the onlapping terminations of the PQ and
pre-Pliocene layers suggest that it formed during the OM oceanic
opening of the Western Mediterranean. A similar stratigraphic pattern is
observed in other volcanoes emerging at the slope-basin boundary
(Figs. 2a, 7, S3c, d), suggesting a similar origin. The OM faults, related to
the extensional domain of the basin opening, are often interpreted as
conduits for magma uplift, leading to the formation of these volcanoes
(Peterson et al., 2020).

5.4. Salt tectonics and fluid dynamics

Salt tectonics played a crucial role in shaping the lower slope of the
West Sardinian margin and adjacent deep basin. Following the Messi-
nian Salinity Crisis (MSC), the increased load from water and sediment
(Fig. 14b) likely enhanced subsidence, driving halokinetic processes
primarily through salt gliding (Dos Reis et al., 2005; Brun and Mauduit,
2008; Gaullier et al., 2007; Brun and Fort, 2011; Bellucci et al., 2021a).
These processes started during the upper Messinian, as testified by
growth strata in the UU (Fig 8a1, b), and intensified during the Pliocene
(Fig. 2b, 6c, 8, 14a, b; Table 2f). Rollover structures in the lower slope
(Figs. 2b, 8a1, a2, b; Table 2e), and salt diapirs in the deep basin (Figs. 4
and 8c), deformed both the Pliocene and Quaternary units, causing
variations in thickness and the formation of localized depocenters,
particularly towards the Gulf of Lion. Here, halokinetic tectonics (Figs. 5
and 6), was favored both by the increase of the sedimentary load
(Fig. 5b), due to the large amounts of sediments from the major French
rivers, and by a thickest salt unit in the central part of the basin, as
already suggested by Geletti et al. (2014). This larger amount of salt,
also reconstructed by Bellucci et al. (2024), probably originated from a
deeper seafloor in the central part of the basin during the Messinian,
with additional salt sliding there from the two opposite sides of the
basin. The tilted blocks of the roll-over structures are separated by local
normal faults (pink area in Fig. 7) that generally follow the flanks of the
diapirs and often terminate downward at welds. We suggest that the
halokinetic process, originated by the gravity sliding effect due to the
downward sloping salt base, has been accentuated by the subsidence

Fig. 13. Summary of the main events that characterize the West Sardinian offshore.
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following the opening of the Western Mediterranean and the post-
Messinian water reload. The maximum salt tectonic activity occurred
during the Pliocene, when subsidence and water loading effects were at
their peak. However, salt-driven tectonics continued throughout the
Quaternary (Figs. 2, 3, 4 and 14; Table 2e, f), as testified by the defor-
mation of the Quaternary unit (Figs. 2, 6b and 8a2; Table 2e). Evidence
of seafloor deformation and of diapirs outcropping at the seafloor
(Fig. 1) near the Gulf of Lion further supports ongoing halokinetic ac-
tivity during this period.

Fluid migration is another factor affecting the dynamics of the re-
gion. Recent normal faults and microfractures associated with pre-
Pliocene sequences act as conduits for gas upwelling, as evidenced by
seismic signal blanking and the formation of pockmarks on the seafloor

and in the PQ sequence (Løseth et al., 2003). These fluid escape struc-
tures appear closely linked to canyon pathways in the southern tilted
outer shelf (Fig. 10, 14c, S4a). Several pockmarks emerging on the
seafloor appear to have locally contributed to canyon paths, as high-
lighted in Figs. 10, 14c and S4a for the OCS and as already described by
Cabrera et al. (2024) for the Blanes Canyon in the Catalan margin.

5.5. Plio-Quaternary sediment dynamics

Sedimentation patterns on the West Sardinian continental margin
have been influenced by the interplay between tectonic and magmatic
activity, sea-level changes and sediment sources during the PQ. The
Pliocene depocenter is concentrated near the Gulf of Oristano (Fig. 6c),

Fig. 14. Tectono-sedimentary evolution of the West Sardinian margin, a) at the end of the Messinian, b) at the end of the Pliocene, c) at the present-day. 1 =

Messinian deposits in the lower slope and basin, 2 = Halokinetic processes in lower slope and deep basin, 3 = Messinian erosion in the shelf and upper slope, 4 =

Messinian canyon, 5 = Pliocene deposition, 6 = Messinian canyon filled, 7 = Fault activity, 8 = Volcanoes developing on shelf and slope, 9 = Canyon activity, 10 =

Pockmarks, 11 = Erosion of volcanoes peaks, 12 = Clinoforms. In panel d) a qualitative sketch of the Ms dip variation at the three timeframes due to basin subsidence
and onshore uplift during the PQ.
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fed by the Tirso River, which is the primary sediment source in the re-
gion (Fadda and Pala, 1992; Barrocu et al., 2004). In contrast, Pliocene
sediments are thin or absent north of the Gulf, where no major rivers
contribute with sediments to marine deposition. Here, the steepness of
the foresets may have contributed to mass-wasting processes, as indi-
cated by chaotic units at the foot of clinoforms (Fig. 12a) (Mulder, 2011;
Felix and McCaffrey, 2005). The Pliocene oblique reflections on the
outer continental shelf and upper slope (Fig. 12b, c), indicate higher
sediment supply (Pirmez et al., 1998), likely driven by the growing
tilting of the margin. During the Quaternary, the main depocenter is
represented by the filling of the OCS-b and c branches (Fig. 11d) on the
continental shelf. The regressive clinoform system (Fig. 2a, 12), exhib-
iting a sigmoidal geometry, probably formed during the late Pleistocene
in response to the seaward migration of the coastline during the
high-amplitude glacio-eustatic sea-level falls that characterized the
period (Aiello, 2022). The observed variability in the distance between
the shelf break and the offlap break seems to be conditioned by an un-
even coastal erosion and related sediment supply. It is more prominent
north of the Gulf of Oristano (Fig. 12a), due to the onshore uplift (Cocco
et al., 2013, 2019), which favored high sediment flux resulting in higher
clinoforms (Carvajal et al., 2009). Conversely, in front of the Gulf of
Oristano, the clinoforms are thinner and shorter (Fig. 12b, c), likely
because sediment was diverted by the OCS, which prevented accumu-
lation at the foresets and limited clinoform growth (Patruno and
Helland-Hansen, 2018). Furthermore, the widespread truncation of
volcanic peaks observed in the shelf (Fig. S3) points to a dominance of
seafloor erosion, probably during those sea level falls and lowstand
stages, and likely sediment-starved environment. Canyon systems, a key
feature in shaping the margin, developed during the Quaternary
(Figs. 10, 11). These canyons, classified as Type 2 (Harris andWhiteway,
2011), primarily incise the Quaternary sequence but locally reach the
Messinian unit where PQ deposits are thinner. While Harris and
Whiteway (2011) and Migeon et al. (2012) suggested that canyon
pathways in the western Mediterranean are controlled by Messinian
pre-existing topography, this is not the case for the West Sardinian
margin. Here, the canyons seem to develop more recently, given that
they generally only erode the Quaternary sediments (Fig. 11). In some
cases, the truncation of PQ reflections is observed, along with filling
facies within the canyons, likely corresponding to Quaternary deposits
(Table 2b). This suggests that, while the majority of canyon only erode
the Quaternary deposits, locally a few reach the Ms horizon in recent
times (Table 2b). We hypothesize that the ongoing tilting of the margin
and the high amplitude frequency of the Quaternary glacio-eustatic sea
level falls (Chiocci et al., 1997; Ercilla et al., 2021) likely favored the
occurrence of sediment gravity instability processes along those canyons
(Lo Iacono et al., 2014). This is because the rate of sediment supply
increases, favored by the sea level falls and the erosion of the onshore
uplifted areas (Miller, 2009; Piper and Normark, 2009), and deposition
occurs on a quasi-continuous over steepening of the entire margin,
reducing the stability of the canyon near-surface sediments. These pro-
cesses likely accelerated canyon formation, with sediment erosion and
deposition shaping the modern landscape.

6. Conclusions

The evolution of the West Sardinian continental margin and adjacent
basin during the PQ is characterized by the interplay of tectonic, sedi-
mentary, magmatic, and fluid dynamic processes. Our investigation,
based on the analysis of both old and recent seismic profiles, provides
new insights into the tectono-sedimentary processes that have shaped
these regions. We refine the Plio-Quaternary stratigraphy with the
identification of the A0 reflector, interpreted as the base of the Quater-
nary (ca. 2.6 Ma), that allows us to subdivide the Pliocene and Qua-
ternary units based on distinct seismic facies, which mirrors pattern
observed in other Mediterranean basins.

Several significant geological structures and features affecting the

geometry, lateral continuity and distribution of Pliocene and Quaternary
deposits have been identified. They include: a) salt tectonic structures in
the lower continental slope and deep basin, b) normal faulting in the
continental shelf and slope, c) volcanoes on the continental shelf and
slope, and at the slope and deep basin boundary, d) pockmarks in the
shelf and upper slope, e) canyon systems and canyon fill deposits in the
slope, with many canyon heads indenting the shelf, and f) a regressive
clinoform system on the shelf.

The aforementioned structures have been correlated to several pro-
cesses shaping the margin. Vertical movements, related to the Oligo-
Miocene opening of the Sardo-Provençal basin, the loading/unloading
effects of the MSC and the Pleistocene onshore uplift, have influenced
the margin’s tilting. These also affected the tectonic setting of the
margin through Oligo-Miocene fault reactivations during the Plio-
Quaternary. Faults frequently acted as pathways for both magmatic
and fluid upwelling, leading to the formation of volcanic edifices and
pockmarks. Magmatic activity was particularly active during the Plio-
cene, with volcanic structures distributed along the shelf and slope.
Magmatic edifices, along with halokinetic processes driven by salt tec-
tonics, have significantly influenced sediment deposition and deforma-
tion. While halokinetic activity was most pronounced during the
Pliocene, evidence of ongoing deformation at the seafloor, particularly
towards the Gulf of Lion, suggests that these processes are still active
today. The tilting of the margin, combined with sediment supply from
onshore sources, drove the formation of clinoforms and the development
of canyons that shaped the margin’s current morphology. The evidence
suggests that margin tilting, in combination with high-frequency sea-
level falls during the Quaternary, led to gravity-driven sediment insta-
bility, accelerating canyon formation and contributing to the sedimen-
tary architecture of the region. Studying the tectono-sedimentary
processes affecting the two units of the PQ sequence provides a solid
basis for future comparison with other Mediterranean margins,
contributing to a more comprehensive understanding of their regional
geological evolution.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.margeo.2024.107450.
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Cherchi, A., Mancin, N., Montadert, L., Murru, M., Putzu, M.T., Schiavinotto, F.,
Verrubbi, V., 2008. The stratigraphic response to the Oligo-Miocene extension in the
western Mediterranean from observations on the Sardinia graben system (Italy).
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2018, t 181, and Commission for the Geological Map of the World, pp. 33–37.
https://doi.org/10.10682/2018MESSINV2.

Dewey, J.F., Helman, M.L., Turco, E., Hutton, D.H.W., Knott, S.D., 1989. Kinematics of
the western Mediterranean. Geol. Soc. Lond. Spec. Publ. 45, 265–283. https://doi.
org/10.1144/GSL.SP.1989.045.01.15.

Dos Reis, A.T., Gorini, C., Mauffret, A., 2005. Implications of salt–sediment interactions
on the architecture of the Gulf of Lions deep-water sedimentary systems—western
Mediterranean Sea. In: Marine and Petroleum Geology, The Gulf of Lions: An
Overview of Recent Studies within the French “Margins” Programme, 22,
pp. 713–746. https://doi.org/10.1016/j.marpetgeo.2005.03.006.

EMODnet, 2016. EMODNET Bathymetry Consortium, 2016. EMODnet Digital
Bathymetry. European Marine Observation and Data Network (EMODnet). URL. htt
ps://emodnet.ec.europa.eu/en/bathymetry (accessed 7.26.23).

Ercilla, G., Vázquez, J.T., Alonso, B., et al., 2021. Chapter 6: Seafloor morphology and
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Lofi, J., Gorini, C., Berné, S., Clauzon, G., Tadeu Dos Reis, A., Ryan, W.B.F., Steckler, M.
S., 2005. Erosional processes and paleo-environmental changes in the Western Gulf
of Lions (SW France) during the Messinian Salinity Crisis. Mar. Geol. 217, 1–30.
https://doi.org/10.1016/j.margeo.2005.02.014.
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Stampfli, G., Höcker, C., 1989. Messinian palaeorelief from 3-D seismic survey in the
Tarraco concession area (Spanish Mediterranean Sea). Geol. Mijnb. 68, 201–210.

Torelli, L., Cornini, S., Brancolini, G., Zitellini, N., 1990. The Sardinia Channel (Central
Mediterranean): a structural analysis of a submarine orogenic chain. Stud. Geol.
Camerti Vol. Spec. 35–36.

Ulzega, A., 1988. Carta Geomorfologica della Sardegna marina e continentale. In:
Geomorphological map of marine and continental Sardinia. Scala 1:500.000. Ist.
Geogr. De Agostini, Novara.

ViDEPI project, 2009. Visibility of Petroleum Exploration Data in Italy. https://www.
videpi.com/videpi/videpi.asp (accessed 20.01.2022).

Volpi, V., Del Ben, A., Civile, D., Zgur, F., 2017. Neogene tectono-sedimentary
interaction between the Calabrian Accretionary Wedge and the Apulian Foreland in
the northern Ionian Sea. Mar. Pet. Geol. 83, 246–260. https://doi.org/10.1016/j.
marpetgeo.2017.03.013.

Würtz, M., Rovere, M., 2015. Atlas of the Mediterranean Seamounts and Seamount-like
Structures. IUCN, Gland, Switzerland and Málaga, Spain, 276 pages.
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