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Salt tectonics at salt-bearing margins is often interpreted as the combination of gravity spreading and gravity
gliding, mainly driven by differential sedimentary loading and margin tilting, respectively. Nevertheless, in the
Western Mediterranean Sea, the classical salt-tectonic models are incoherent with its morpho-structural setting:
Messinian salt was deposited in a closed system formed several Ma before the deposition, horizontally
throughout the entire deep basin, above a homogenous multi-kilometer pre-Messinian thickness. The subsidence
is purely vertical in the deep basin, implying a regional constant initial salt thickness. The post-salt overburden is
homogenous and the distal salt deformation occurred before the mid-lower slope normal-fault activation.
Instead, the compilation of MCS and wide-angle seismic data highlighted a clear coincidence between crustal
segmentation and salt morphology domains. The salt structures change morphology at the boundary between
different crustal natures. Regional thermal anomalies and/or fluid escapes, associated with the exhumation
phase, or mantle-heat segmentation, could therefore play a role in adding a further component to the already
known salt-tectonics mechanisms. The compilation of crustal segmentation and salt morphologies in different
salt-bearing margins, such as the Santos, Angolan, Gulf of Mexico and Morocco-Nova Scotia margins, seems to
depict the same coincidence. In view of the evidences observed in the Western Mediterranean Sea, the influence
of the temperature parameter on salt deformation should not be overlooked and warrants further investigation.

1. Introduction

The study of salt tectonics is a widely discussed topic, particularly
since 1990 and mainly due to its importance in oil exploration. Under
geological strain rate and due to its rheological properties, salt or halite,
flows like a fluid causing spectacular geometries. Triggering can be
induced by several different mechanisms, including gravity, tectonic
force, salt buoyancy and differential loading (Ge et al., 1997; Hudec and
Jackson, 2007). On passive margins, salt tectonics is divided into three
domains (Jackson et al., 1994; Letouzey et al., 1995; Ings and Shimeld,
2006; Hudec and Jackson, 2007): an extensional zone on the slope
dominated by basement-involved or basement-detached reactive dia-
pirism and/or normal faulting (Duval et al., 1992; Jackson et al., 1994;

Vendeville et al., 1995), a mid-slope more or less undeformed transi-
tional domain (Cramez and Jackson, 2000; Dooley et al., 2013; Ge et al.,
2019) and an area of contraction characterized by salt thickening, thrust
faults and folding (Hudec and Jackson, 2006). Regional differential
loading and sliding along a detachment surface are often summarized as
the cause of gravity spreading and gravity gliding end-member models,
respectively. The discussion of which of the two models prevails is still
debated (Brun and Fort, 2011, 2012; Rowan et al., 2012; Schultz-Ela,
2001; Peel, 2014). During gravity spreading, salt moves by sedimentary
differential loading (Ge et al., 1997; Jackson and Talbot, 1986; Vende-
ville, 2005; Hudec and Jackson, 2007) whilst during gravity gliding, the
salt and its overburden slide towards the deep basin (Cobbold et al.,
1989; Demercian et al., 1993; Fort et al., 2004) triggered by the
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inclination of the margin during thermal subsidence and/or margin
uplift.

During the well-known Messinian Salinity Crisis (MSC) in the Med-
iterranean Sea, evaporite deposition (up to 3 km thick, Haq et al., 2020)
was triggered by a combination of global tectonic events, which led to
the closure of the Strait of Gibraltar (e.g. Garcia-Castellanos and Villa-
senor, 2011; Leroux et al., 2019; Bulian et al., 2021) and climatic evo-
lution (e.g. CIESM, 2008). Salt tectonics in the Western Mediterranean
Sea has been studied since the works of Le Cann (1987), Gaullier (1993))
and Gorini (1993)) in the Liguro-Provencal basin, and, along with recent
studies, is outlined as the combination of several parameters: (i) dif-
ferential loading and gliding of the brittle-ductile series during gravity
spreading (Dos Reis et al., 2005; Gaullier et al., 2008; Obone-Zue-Obame
et al., 2011), (ii) initial conditions and morpho-structure evolution of
the basin (Gaullier et al., 2008), (iii) a local geodynamic setting that
could induce thick-skinned tectonics (Maillard et al., 2003; Déverchere
et al., 2005; Dos Reis et al., 2008).

In this paper, we present a regional study of salt tectonics in the
Western Mediterranean, based on a Deep/Surface approach. We ana-
lysed the relationship between salt morphologies and crustal nature in
well-studied salt-bearing basins throughout the world. We first focused
on the Western Mediterranean Sea (Fig. 1), for which we present a new,
detailed map of salt morphologies. We categorized regional salt mor-
phologies in order to superimpose them on the crustal segmentation,
constrained by wide-angle seismic studies, magnetic and gravity maps.
We then discussed the possible causes for this relationship, taking into
account the specific features of the Western Mediterranean Sea. We then

¢
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applied the same method to South-Atlantic margins (Angolan and Santos
Basins), Gulf of Mexico, Morocco and Nova Scotia margins in order to
explore the crustal-segmentation/salt-morphology relationship in
different salt tectonics systems.

2. Particularity of the Western Mediterranean salt-bearing
basin: a divergent closed and fossil system

2.1. Geological framework

The Cenozoic opening of the Western Mediterranean in an overall
convergence context between Africa and Eurasia is closely linked to the
creation of the Alpine chains, which surround it (e.g. Carminati et al.,
2012). The Algero-Provencal basin opened during the Late Oligocene-
Early Miocene times in the Tethyan subduction zone context. Since
Late Oligocene, the slab retreat is predominant in the formation of back-
arc basins, such as the Alboran, the Liguro-Provencal, the Tyrrhenian,
the Aegean basins (Jolivet and Faccenna, 2000). The Liguro-Provencal
basin was created by the counter-clockwise rotation of the Corso-
Sardinian block (e.g. Auzende et al., 1973; Olivet, 1996), dated to
Late Eocene (~Priabonian: 33.7 Ma) ranging between 23 to 19 Ma ac-
cording to authors (Leroux et al., 2019). The reconstruction of the initial
conditions of Liguro-Provencal rifting (Bache et al., 2010) shows simi-
larities with those of Central (Labails et al., 2009) and South Atlantic
margins (Moulin et al., 2005; Aslanian et al., 2009; Aslanian and Moulin,
2012), such as the high structural position before the breakup and the
strong subsidence that followed.
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Fig. 1. A) Location of the study area marked by the black outlined rectangle. Note the structural threshold separating the Western Mediterranean Sea to the Atlantic
Ocean and the Tyrrhenian basin, making it a present-day closed system. B) Dataset and bathymetry of the Western Mediterranean Sea. Bathymetric contours every
200 m. MCS and wide-angle seismic lines are represented. Red circles represent the OBS and the land stations deployed for the wide-angle acquisition. References
profiles are from work of Lepretre et al. (2013); Badji (2014); Arab et al. (2016). Labels: Gulf of Lion (GoL), LPB (Liguro-Provencal basin), WS (west Sardinian
margin), MB (Minorca basin), VB (Valencia basin), EAB (east Algerian basin), HA (Hannibal area), WAB (western Algerian basin), EA (east Alboran margin), SMB

(south Minorca Block), SB (south Balearic margin), BP (Balearic promontory).



M. Bellucci et al.

While there is a general consensus on the geodynamics of the Liguro-
Provencal basin, the opening direction of the Algerian basin is still a
matter of debate, as well as the initial position of the AlKaPeCa (Alboran,
Kabylies, Peloritan and Calabria) blocks. There are several hypotheses
regarding the opening direction and nature of the margins (Leroux et al.,
2019). The first group of authors claim a dominant N-S opening (e.g.
Gueguen et al., 1998; Frizon de Lamotte et al., 2000; Rosenbaum et al.,
2002; Schettino and Turco, 2006) with no significant displacement of
the Alboran block (Faccenna et al., 2004). The second hypothesis claims
an E-W opening with an important westward migration of the Alboran
block (e.g. Malinverno and Ryan, 1986; Royden, 1993). The third hy-
pothesis proposes a two-step opening scenario, with a first N-S move-
ment, which led to the opening of the East Algerian basin and a second E-
W movement, with the opening of the West Algerian basin (Etheve et al.,
2016; Lepretre et al., 2018). Another model claimed by Vergés and
Fernandez (2012) proposes an initial SE-dipping subduction that shifted
to a faster E-dipping subduction, which could explain some observations
made for the Betic-Rif orogenic system, including the Alboran back-arc
basin opening. Other authors do not agree with the rollback process and
propose a collapse of the thickened continental crust (Dewey et al.,
1989) or a lithospheric delamination (Roure et al., 2012).

In the Algerian basin, the Plio-Quaternary period is affected by tec-
tonic inversion caused by the NW-SE convergence between the African
and European plates with a slow rate of shortening (0.5 to ~1 cm/yr)
(Kherroubi et al., 2009). This still present-day shortening causes defor-
mation and tectonic inversion offshore Algeria (Déverchere et al., 2005;
Domzig et al., 2006; Leffondré et al., 2021) and even in the SE Iberian
margin (Maillard and Mauffret, 2013). The Algerian tectonic inversion is
the only remarkable post-salt deposition tectonic activity that could
have an impact on the present-day salt structures.

About 6 million years ago (~5.96- 5.32 Ma, Krijgsman et al., 1999),
when the Algerian and Liguro-Provencal basins were already formed,
the Mediterranean underwent a rapid and extreme paleo-environmental
event known as the Messinian Salinity Crisis. The closure of the Strait of
Gibraltar (Hsii et al., 1973), or deeper lithospheric processes (Garcia-
Castellanos and Villasenor, 2011), caused a significant sea-level fall and
the deposition of evaporites associated with considerable erosion mostly
located in the upper parts of the margin (e.g. Clauzon et al., 1996;
Rouchy and Caruso, 2006). The salt in the Western Mediterranean was
therefore deposited in a post-rift situation in contrast to most salt-
bearing passive margins, where salt deposition is linked to rifting-
drifting phases. The Messinian deposits have been described as a tril-
ogy, composed of lower evaporites, salt and upper evaporites (Mon-
tadert et al., 1970; Rehault et al., 1985). The salt layer is considered to
be composed of pure halite, while the evaporites can be interpreted as
intercalations of gypsum/anhydrite and clastic deposits. The uppermost
part of Upper Evaporites (also called Upper Unit, Lofi et al., 2011, Lofi,
2018) was sampled during DSDP Leg XIII (Hsii et al., 1973) revealing
dolomitic marls and anhydrite layers. Nevertheless, the vertical and
lateral facies variability suggest that the lithology of the Upper Unit can
vary at the basin scale (Lofi et al., 2011). The Upper and Lower evapo-
rites are considered less ductile than pure halite, as anhydrite creeps
slower than gypsum which in turn creeps slower than halite (Jackson
and Hudec, 2017). In most cases, they brittly accommodated the un-
derlying salt deformation.

The Messinian units are deposited above a thick Miocene sedimen-
tary sequence characterized by thickness variations between the West-
ern Mediterranean sub-basins. The Oligocene syn-rift to Miocene post-
rift sedimentary units are composed, by analogy with onshore drills
(e.g. onshore Kabyle, Algeria, Géry, 1981; Onshore Camargue, France,
Triat, 1983), of silty marl, conglomerates and sandstones, showing facies
from shallow water to deep marine. In seismic, these deposits onlap the
acoustic basement reflector and fill the pre-existing structural lows. At
the present day and at basin scale, they are sub-horizontal, parallel to
the base of salt and mostly unfaulted.

Salt is ductile and, in the Western Mediterranean Sea, is deposited as
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a flat horizontal layer above the pre-Messinian units. The base salt
present-day slope surface thus indicates the post-deposition movement,
mainly caused by differential subsidence or tectonic activity. In the Gulf
of Lion, first Rabineau et al. (2014) with a 2D dataset and then Leroux
et al. (2015) with a 3D grid calculated the subsidence up to present day
using sedimentary geometries. They define three subsidence domains,
from the shelf to the deep basin, which fit with the hinge lines defined by
refraction studies by Moulin et al. (2015) (see chapter below) and by
interpretation by Bache et al. (2010). On the platform and on the slope,
they observed a seaward tilting of different amplitudes, varying from the
Miocene (0.06° Ma™ - 0.12° Ma'l) to the Plio-Quaternary age (0.16° Ma~
1y (Leroux, 2012; Leroux et al., 2014). Instead, in the central deep basin,
they calculated a purely vertical post-rift subsidence, with a mean rate of
500 m/Ma since 20 Ma, supposedly to be the end of rifting age (Séranne,
1999). The Gulf of Lion therefore acts as a sag basin, with some features
similar to those of the Angolan margin (Moulin et al., 2005; Aslanian
et al., 2009) and Santos basin (Klingelhoefer et al., 2014; Evain et al.,
2015). In this work, the term “sag basin” refers to the sedimentary
sequence below the salt, characterized by flatly layered sedimentation
(Moulin et al., 2005; Karner and Gamboa, 2007; Bache et al., 2010) and
purely vertical subsidence.

The post-Messinian series (Pliocene and Quaternary deposits) in the
Algerian basin has a lower thickness than in the Liguro-Provencal (0.8
km and 2 km, respectively; from Mauffret et al., 2004), whereas it is
roughly similar between the eastern and western Algerian basins and
western Sardinian margins (Dal Cin et al., 2016).

2.2. Salt tectonics mechanisms

In the Western Mediterranean, salt tectonics has previously been
locally described by some authors, for example in the Gulf of Lion (Le
Cann, 1987; Pautot et al., 1984; Gaullier, 1993; Gorini, 1993; Dos Reis,
2001; Dos Reis et al., 2005; Dos Reis et al., 2008; Maillard et al., 2003;
Granado et al., 2016), in the Provence margin (Obone-Zue-Obame et al.,
2011), in the west Sardinian margin (Geletti et al., 2014; Dal Cin et al.,
2016), in the South Balearic basin (Camerlenghi et al., 2009; Dal Cin
et al., 2016; Blondel et al., 2021) and in the north Algerian margin (e.g.
Déverchere et al., 2005; Domzig et al., 2006; Arab et al., 2016).
Following these works, the salt structures in the Western Mediterranean
Sea are mainly the result of: i) multi-directional thin-skinned tectonics
driven by the seaward dipping base of salt and the sedimentary loading
provided by thickness differences in the overburden, ii) the local geo-
dynamic context which, via differences in the sub-salt setting, could
influence salt deformation, as shown by several authors for several other
passive margins (e.g. Haddou and Tari, 2007; Evans and Jackson, 2020;
Pichel et al., 2020). The updip extension area is characterized by normal
basinward-dipping faults, salt rollers and rollover strata and is consid-
ered to be coeval with thrusting and buckling in the distal contraction
domain (Cobbold and Szatmari, 1991; Marton et al., 2000; Cramez and
Jackson, 2000; Tari and Jabour, 2013; Brun and Fort, 2004, 2011;
Rowan et al., 2004). Nevertheless, in the Gulf of Lion, the listric faults
were activated only in the Early Pliocene, as evidenced by growth strata
and rollover structures clearly visible above the Messinian deposits
(Fig. 2a): the basinward-dipping normal faults in that proximal domain
were activated only after the complete deposition of the UU, as high-
lighted by the constant thickness of this unit involved in the displace-
ment. Conversely, in the deep basin, the difference in thickness and the
onlaps in the Upper Unit (UU) (Fig. 2b) suggest a salt deformation that
began with the deposition of this unit, still belonging to the Messinian
Salinity Crisis (Gaullier et al., 2012): the sliding postdates the deep
deformation. It seems that early vertical deformation in the deep basin
cleared the space to allow salt gliding from the lower slope, leading to
listric fault formation.

Some authors (Le Cann, 1987; Pautot et al., 1984; Maillard et al.,
2003) observed a striking correlation between the OCT (Ocean-Conti-
nent Transition) limit and a variation in salt structures in the Gulf of
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Fig. 2. (A) Zoom on high-resolution seismic profile of Gulf of Lion lower slope
(location Fig. 1) showing salt rollers and rollover structures from the Early
Pliocene deposits. (B) Zoom on low-resolution seismic profile (Fig. 3; location
Fig. 2) showing early salt deformation syn-deposition of Upper Messinian Unit
(green). The Lower Unit limit is from Lofi et al. (2011).

Lion: the frequency and size of diapirs change at the boundary between a
transitional and an oceanic affinity crust (Fig. 3). Pautot et al., 1984 and
Le Cann (1987) claim the reactivation of rifting-involved faults which
could influence salt deformation and Maillard et al. (2003) an influence
of differential compaction of subsalt sediments provided by basement
steps filled by pre-Messinian sediments.

The specificity of the Messinian salt system and the coincidence
observed in the Gulf of Lion (Fig. 3) have led us to extend the salt-
structure/crustal-segmentation analysis to the whole Western Mediter-
ranean Sea (Fig. 5).

3. Dataset and method

We compared salt morphologies and crustal domains in Western
Mediterranean Sea margins, the Brazilian margin (Santos and Campos
basins), the Angolan margin, the northern Gulf of Mexico margin, the
north-west African margin and the Nova Scotia margin.

3.1. Salt morphology interpretation

In the Western Mediterranean Sea, we interpreted a large dataset
consisting of seismic lines of various resolutions, collected through the
French GDR Marges and Action Marges programs, with additional recent
seismic data from OGS and Ifremer (Fig. 1). Reflection seismic lines have
various resolutions and quality for good interpretation of deep and
shallow reflectors. We interpreted salt structures in Liguro-Provencal
and Algerian basins, leaving aside the Alboran Sea due to the absence of
Messinian halite (e.g. Do Couto et al., 2014) and the Ligurian basin due
to lack of data (Fig. 1). We defined a nomenclature for regional salt
morphologies (Fig. 4) in order to classify them into five groups sharing
the same geometrical features. The classification allowed to directly
compare the salt morphologies to the crustal segmentation and nature
and then to regionally discuss the salt structure genesis and evolution.
The classification (Fig. 4) is mainly based on geometric criteria, such as:
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shape, base diapir width, geometrical relationship with the overlying
layers and associated dominant features, such as faults, mini-basins
(Jackson and Talbot, 1992) or welds (Jackson and Cramez, 1989).
Although every salt structure is the result of process interaction, we tried
to discriminate them only by their geometrical characteristics, without a
detailed discussion on genesis and timing, to avoid model-dependent
interpretation. The salt morphology groups are then map-plotted,
showing vast variations between the proximal and distal domains and
between the sub-basins composing the Western Mediterranean Sea.

In the Santos and Campos basins, we interpreted salt structures from
published seismic profiles (Fig. 9) from Modica and Brush (2004);
Mohriak et al. (2009, 2012); Torsvik et al. (2009); Lentini et al. (2010);
Scotchman et al. (2010); Unternehr et al. (2010); Zalan et al. (2011);
Davison et al., 2012; Kumar et al. (2013); Moulin et al. (2012); Per-
on-Pinvidic et al. (2013); Jackson et al. (2015); Strozyk et al. (2017);
Kukla et al. (2018).

For the Angolan margin, we interpreted profiles (Fig. 10) from
Marton et al. (2000); Tari et al. (2003); Hudec and Jackson (2004);
Moulin et al. (2005); Unternehr et al. (2010); Fort et al. (2004); Cowie
et al. (2016).

For the Gulf of Mexico, we compiled salt morphologies from several
published seismic profiles (Fig. 11) (Wu et al., 1990; Radovich et al.,
2007; Pilcher et al., 2011; Rodriguez, 2011; Fort and Brun, 2012; Hudec
et al., 2013a; Ismael, 2014; Pindell et al., 2014; Rowan, 2014; Weimer
et al., 2017; Curry et al., 2018; Liu et al., 2019) and from already pub-
lished salt-distribution maps (Seni, 1992; Diegel et al., 1995; Peel et al.,
1995)

Concerning the Morocco and Nova Scotia conjugated margins
(Fig. 12), the salt structures interpretation originate from works by Hinz
et al. (1982); Keen and Potter (1995); Sahabi et al. (2004); Shimeld
(2004); Neumaier et al. (2016); Tari et al. (2000, 2003); Tari and Jabour
(2013)

3.2. Crust segmentation

Crustal segmentation is constrained by wide-angle profiles from
ECORS and SARDINIA Experiments (Pascal et al., 1993; Gailler et al.,
2009; Moulin et al., 2015; Afilhado et al., 2015) in the Liguro-Provencal
basin and by SPIRAL Project (Lepretre et al., 2013; Medaouri et al.,
2014; Mihoubi et al., 2014; Badji et al., 2015; Bouyahiaoui et al., 2015;
Hamai et al., 2015; Arab et al., 2016; Aidi et al., 2018) in the Algerian
Basin. The lack of published wide-angle surveys in the South Balearic
basin compels us to use the segmentation of this margin derived from
gravity and magnetic data interpretations (Leroux et al., 2019).

For the Santos and Campos basins, we used the crustal interpretation
from the SanBa Project (Evain et al., 2015) and for the Angolan margin,
the Zaiango Project (Contrucci et al., 2004a, 2004b; Moulin et al., 2005;
Aslanian et al., 2009). For the Gulf of Mexico, segmentation interpre-
tation is from the refraction seismic project GUMBO (Eddy et al., 2014,
2018; Christeson et al., 2014; Van Avendonk et al., 2015) and inter-
pretation from (Hudec et al., 2013a; Sawyer et al., 1991; Curry et al.,
2018). For the Morocco-Nova Scotia conjugated margins, crustal seg-
mentation is outlined from Biari et al. (2015); Contrucci et al. (2004a,
2004b); Funck et al. (2004); Wu et al. (2006).

4. Western Mediterranean salt morphologies - description and
distribution

In this chapter we will describe the main present-day salt-
morphology characteristics (Fig. 4) and their spatial distribution along
the Western Mediterranean Sea (Fig. 5). Fig. 6 (A, B, C, D, E) and Fig. 7
(F, G, H, I) present nine seismic transects across the different sub-basins.
The profiles provide a regional view of salt morphologies following the
nomenclature described in Fig. 4 and respectively highlight: (1) the
Liguro-Provengal basin (LPB): the Gulf of Lion margin and the western
Sardinia margin (Fig.s 6A; 7F,G); (2) the east Algerian Basin (EAB) and
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angle refraction profile showing crust segmentation along Gulf of Lion margin (modified from Moulin et al., 2015). Dashed black lines represent the lower and upper
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the southern part of the Liguro-Provencgal Basin by crossing the North
Balearic Fracture Zone (NBFZ, e.g. Olivet, 1996) (Fig.s 6B,C; 7H); (3) the
western Algerian Basin (WAB) and the EAB by crossing the Hannibal
Area (Fig. 6C); (4) the eastern and western part of the WAB (Figs. 6D,E;
71). These long transects show the relationship between salt morphol-
ogies and crustal segmentation throughout the Western Mediterranean
Sea and the regional salt structures variations, summarized hereafter:
e The Extensional domain is characterized by salt rollers and rollover
anticlines and basinward-dipping normal faults involving the displace-
ment of the Upper Unit and Plio-Quaternary deposits (e.g. Fig.s 6A; 71).
The faults can be active or buried (e.g. Gulf of Lion, Dos Reis, 2001) and
are located at the mid-lower slope of the margins. The sliding of salt
along its base detachment induces a sediment subsidence and thinning
of salt, which is proportional to the density and thickness of the over-
burden and the initial salt layer thickness (Vendeville, 2005), and does
not affect the pre-salt sequence (thin-skinned tectonics). The structures
formed by salt movement are the results of an extensional process,
which involves salt and overburden basinward movement. This domain
is located at the mid-lower continental slope of the margins (Fig.s 6; 7)
and is always present albeit with some differences in extension
perpendicular to the margin, mainly as a result of the base of salt

steepness and width of the margin (Fig. 5): in the Gulf of Lion it occupies
an area that can extend up to 50 km basinward from the upslope limit of
salt (Fig. 6A) while in the Algerian margin and in the east Alboran
margin it is narrower by 10-20 km (Figs. 6B,D; 71). In the south Balearic
and in the western Sardinian margins it is between 10 and 30 km (Fig.s
6C,E; 7F,G,H). As mentioned above (Fig. 2a), the listric faults activated
after the deposition of the Upper Unit and were mainly active in the
Pliocene but they can reach the seafloor (Badhani et al., 2020).

o The Anticlinal salt domain (Fig. 4) is characterized by the absence
of normal faults detached within the salt and it consists of anticlinal salt-
cored and sparsely distributed normal faults at the top. The outer-arc
extension faults are mainly located at the top of the Upper Unit
affecting the Lower Pliocene sequence. The base of salt can be sub-
horizontal (Gulf of Lion; Fig. 3) or even dipping landward, as in the
north Algerian margin (Fig. 6B,D). The base of anticlines is large and the
ratio between length and height is greater than five. The Anticlinal
domain is located in the proximal deep basins (Fig. 5), characterized by
a purely vertical subsidence (as shown in the Gulf of Lion by Rabineau
et al., 2014; Leroux et al., 2015 and as also attested by sub-horizontal
pre-salt deposits). It is not present in the western Sardinia, south
Balearic and north-western Algerian margins, where the deep basin is
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Name Description Seismic Min Lenght Min Height Related structures
Extensional domain located at lower
slope. Characterized by thin-skinned Basinward dipping listric faults
tectonics, The Extensional domain is involving displacement into Upper
characterized by salt rollers, rollover Unit and Plio-Quaternary units. No
|[Extensional| anticlines. They generated from regio- I km 0.1s twt base salt and pre-salt displacement.
nal extension due to basinward salt The base of salt acts as detachment
flow. Basinward dipped base of salt. surface. Clear growth sequences in
Listric faults, locally still active. Tras- the Pliocene deposits.
parent to chaotic seismic facies.
Wide base (up to 5 km), absence
of persistent diapirism. Pillow
large scale deformation that can Locally, outer-arc extension faults
affect the seafloor. Overburden over the roof of salt, mostly located
Anticlinal (el"en the Upper Unit). concor.d:.mt 5km 0.2 s twt above the Upper Unit. Base of salt
with salt top. Very high positive sub-horizontal and not faulted.
ratio of lenght to height (=5). Ab-
sence of listric landward-dipping
faults. Trasparent seismic facies.
Wide base and piercing diapi-
rism, still active. Ratio of lenght- Locally, outer-arc extension faults
to height between 0 and 1. Dis- over the roof of salt. Base of salt
Large cordant overburden. They deform sub-horizontal and not faulted. Salt
isolated | the seafloor, form evolved mini- lateral expulsion induced miniba-
diapirs basin and weld in the diapirs 3km 1.0s twt sins subsidence and locally salt
(GoL) flanks.  Transparent  seismic welds.
facies. Upper Unit «com-
pressed» or eroded at the top.
L
Wide base and piercing diapi-
rism, locally still active. The
stocks and ‘\valls structure§ are Locally dissected by small contrac-
A closer than 1 the GoL. Ratio .of tional faults in the Upper Unit and
lenght to height close to 0. Dis- 08 extensional faults in the Plio-Qua-
cordant overburden. They locally 2km 8 s twt ternary deposits. Rare weld.
deform the seafloor and rare form
weld between them.
g
Close small diapirs which never
deform the seafloor and almost
never the Quaternary deposits. Locally dissected by small contrac-
Sub-horizontal base salt. Ratio of 0.5 kmn (T DR tional faults in the Upper Unit and
Connected|  [engh to height close to 1. ’ ) extensional faults in the Plio-Qua-
regular Predominantly chaotic seismic ternary deposits.
facies.
Close, frequent and persistent dia-
pirism. They always deform the
Pliocene and Quaternary Locally dissected by extensional
Connected|  equences and, often, the seafloor. 0.5 km 0.8 s twt faults in the Plio-Quaternary depo-
irregular | The base is narrow. Ratio of ' sits.
lenght to height close to 0. Predo-
minantly transparent facies.

Fig. 4. Salt morphologies nomenclature and description used in the Western Mediterranean Sea. Seismic zooms are all presented at the same scale to enable
comparison. Vertical exaggeration 1:4.

dominated by diapir structures characterized by discordant overburden
(Fig.s 6C,D,E; 7F,G,H). As shown in the Gulf of Lion (Fig. 2b), the
anticlinal structures began to grow early, just after their deposition,
during the deposition of the Upper Unit still belonging to the Messinian
Salinity Crisis time. The evolution of structures in the Plio-Quaternary,

not analysed in detail in this paper, seems to show an alternation of
quiescent (mainly during the Pliocene) and more intense (during the
Quaternary) deformation phases (e.g. Figs. 2B, 3).

e The Large Isolated Diapir (GoL) (Fig. 4) and the Large/Connected
(WAB) domains exhibit piercing diapirism affecting the seafloor. In the
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Gulf of Lion (Fig. 5), diapir crests can rise to 250 m above the seafloor
(Pautot et al., 1984) and the structures are isolated, forming wide mini-
basins, welding together (Fig. 3). In the western Algerian deep basin, the
structures are less spaced-apart and generally smaller in size (Figs. 5; 7I).
In both basins, the overburden is discordant except for the Upper Qua-
ternary sequence, which is concordant to the top of structures. The
overburden deposits can form narrow and steep or, less frequently,
gentle drape-fold geometries on diapir flanks, typical of hook and wedge
halokinetic sequences described by Giles and Rowan et al. (2012) (see
also Mianaekere and Adam, 2020). Salt stocks and walls are present: in
the Gulf of Lion, the salt walls have a dominantly N-S direction while in
the north Algerian margin they are parallel to the margin, as also
described by Badji (2014) and Lepretre (2012). In the Gulf of Lion they
grew far from the upslope salt limit (at least 100 km basinward; fig.s 5;
6A) while in the west Algerian basin they appear closer to the margin
(about 10 km, just basinward of the Extensional domain; fig. 5) and
dominate the deep basin. The structures show an initial active growth
history soon after the deposition followed by a passive down-building
which characterized mostly all Plio-Quaternary diapirs.

e The Connected, Regular and the Connected, Irregular domains

(Fig. 4) are interpreted for the deep basins (Fig. 5) and characterized by
different-sized connected diapirs (Fig.s 6, 7). The Connected, Regular
domain is characterized by closely-spaced diapirs that deform the
Pliocene but very rarely the Quaternary sequences (Fig. 6B, C). The
overburden reflectors are mainly concordant and the width to height
ratio is close to one. This domain is located in the EAB, where a
maximum salt thickness of 0.5 s twt and a regional sub-horizontal base
characterize the entire basin (Figs 5; 6B,C). The Plio-Quaternary sedi-
mentary thickness is more or less constant in all basins, except in the
northeastern Algerian margin, with a mean thickness of 0.8 s twt. The
Connected, Irregular domain is characterized by close and frequent di-
apirs (Figs. 6A; 7F). The overburden is mostly discordant and the
structures are smaller and narrower than in the Large Diapir domain
previously described: they have developed more in height than in width
(Fig. 4) and can deform the seafloor.

In addition to the salt morphology domains described above, we
interpreted two areas where the base of salt is around 500 m shallower
than in the deep basin (Fig. 5). In the western Sardinian and south
Balearic margins (Figs. 6B,C,D,E; 7F,G,H) the base of salt extends for 50
km (western Sardinian) to 20-100 km (south Balearic) from the



M. Bellucci et al.

Cumulative distance (km)
160 1 200

220

Earth-Science Reviews 222 (2021) 103818

wu SE
s

290 2000 20 30 am 0

LIGURO-ProvEsgaL masen

Wt SARDINIAN MAKGE
1

SALT MORPHOLOGIES

Extensional

| SARDINIA-01
»

160 18

. XK.
™ NORTH ALGERIAN MARGSN
A

N

Easy Avcamuas masiv

Wi (sec)

Anticlinal

1
1
= —
S
]
-1
1

4

Wt (sec)

s

Thin/no salt
o Connected, regular
Connected, irregular
Large / Connected

— OLEANIC CRUST Teanssomsl en(

ANkl UL

IVEST SARDINN MARGIN

Isolated, large
High salt base

260 0 0 120 W
ol

VoL VERTICAL EX 1:6

Teans. cwusy
. s

0 @ 60 & 100 13 150 00

e oA TS s o

|
'
|
e
(s
| =
|
TRANSITIONAL CRUET

ENE

a0

WessT ALGERIAN Basiv Haxzusa, Hicn

W 1
SW SAKDINIAN MARGIY -

Pl e
SH73-378

Ocsawic cavst

I . 51, it

SH71.378

\!U‘ 140 180 Ul 20

WEST ALGEREAN BASIN
'

O
twi (sec)

'
Oreane crisr vl by e ey

0 100

140 160
SOUTH BALEARIC
&

WEST ALGERIAN BASIN

~ R "7 ' o

N TR ST —  — Oamc crusT — _|

SouTin MENOHCA BLOCK

0°E
N Sat morphaiogios
1 Exmessoont
0 -
£ Articinm
! £ Coonected. reguiar
Conrossed. ineguar
= 70 Lo, inchate {0L)
g &=
# 1 Lawge / Comecind (WAB)
=
2
¢ Upsiope sak bk tekors s work
"\ Gruet agmestation from retraction stfies
~ . Crust segmastation f1om Grae-Me
PO
VS Mercane
£
-

&

Fig. 6. Regional line drawings of seismic sections from the Gulf of Lion to the West Algerian margin (location in Fig. 5). The main salt morphologies domains in
Western Mediterranean Sea are represented. The crustal segmentation is from literature (references are shown below the segments). Position of the Transfer Zone is
from Pellen et al. (2016). Note the horizontally pre-salt and base salt reflectors and the salt morphology differences between east (B-C profiles) and west (C-D-E)

Algerian sub-basins. Vertical exaggeration 1:6.

Extensional domain, located in the lower slope, and is low and basin-
ward tilted. The diapir structures are close and connected. In the south
Balearic margin (Fig. 6E) the sudden deepening of the salt base could be
provoked by a southward basement tilting associated with the
compressive reactivation of the Algerian margin (Lepretre, 2012).

We also observed an area of thin or absent salt (hard to decipher with
our seismic data resolution), concomitant with the Hannibal Area be-
tween the east and west Algerian basins (Fig.s 5; 6C). Here the salt is not
deformed and, where present, has a maximum thickness of 0.2 s twt. The
Hannibal Area is characterized by positive magnetic anomalies (Aidi
et al., 2018) and basement highs (Mauffret et al., 2004), which suggest
the presence of magmatic structures (Fig. 6C).

5. Crustal segmentation and nature

The SARDINIA Experiment acquired, three wide-angle profiles in the
Gulf of Lion (Moulin et al., 2015) and three in the Western Sardinian
margin (Afilhado et al., 2015) (Fig. 1). The authors interpreted each
margin in three domains, with possible subdomains, as also described by
Bache et al., 2010 (Figs. 3; 5). These domains are similar between the

conjugate margins, showing a symmetrical distribution (Gailler et al.,
2009), except for the dimensions of the transitional domain, which is
wider in the Gulf of Lion (Fig. 5). The first domain, which follows the
onshore, unthinned continental crust domain, is the “crustal-thinning”
domain, area characterized by the main thinning of the crust, mainly
focused on the lower crust where, in the Gulf of Lion, its thickness de-
creases from 15 to 7 km (Fig. 3). Basinward, the transitional domain is
characterized by a relatively high crustal velocity, varying between 6.0
and 6.4 km/s for the upper layer, and 6.6-7.5 km/s, 6.8-7.25 km/s for
the lower layer, in the Gulf of Lion and West Sardinian, respectively. The
lower layer is interpreted as exhumed lower continental crust (Moulin
et al., 2015; Afilhado et al., 2015) or exhumed lower crust and upper
mantle (Jolivet et al., 2015). The central domain is characterized by a
decrease in velocity and velocity gradient in the lower crust (Moulin
et al., 2015) and presents an “atypical” relatively thin (5 km) oceanic
crust (e.g. Le Douaran et al., 1984; Gailler et al., 2009; Moulin et al.,
2015). The oceanic crust is thinner than the Atlantic type but the ve-
locity and gradients confirm the oceanic nature (Gailler et al., 2009) and
its close relationship with the transitional domain, regarding velocities
and Moho discontinuity depth (Moulin et al., 2015; Afilhado et al.,
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2015). Segmentation is confirmed by gravimetric (Smith and Sandwell,
1997) and aeromagnetic (Galdeano and Rossignol, 1977) data (Leroux
et al., 2019).

Whilst in the EAB a well-organized set of N-S to NW-SE magnetic
anomalies suggests an oceanic nature for this basin (e.g. Leroux et al.,
2019), in the WAB the absence of clear aligned magnetic anomalies
suggests a clear oceanic crust, leaving open the question as to the crustal
nature and consequently the geodynamic models of the area. The results
of the SPIRAL wide-angle survey show a narrow, thinning continental
crust domain (from 20 to 60 km wide) (Fig. 5) along the entire Algerian
margin with possible heterogeneous thinning between the upper and
lower crust in some transects (Lepretre et al., 2013; Arab et al., 2016;
Aidi et al., 2018). Likewise, the transitional domain is narrow (Fig. 5),
often associated with graben structures at the surface and interpreted by
some authors as the surface expression of the subduction-transform edge
propagator (STEP) fault (Govers and Wortel, 2005) with several accre-
tion axes (Badji et al., 2015; Aidi et al., 2018). The SPIRAL refraction
results show a central part of the Algerian basin characterized by a 5.5-
km-thick crust with velocity differences between the sub-basins that
lead the authors to interpret their nature as follows: (i) the EAB is
composed of magmatic thin crust (Mihoubi et al., 2014; Bouyahiaoui
et al., 2015); (ii) the Hannibal High could have undergone a magmatic
reworking during the second phase of basin opening (Aidi et al., 2018);
(iii) in the WAB the presence of some mantle serpentinization is possible
(Aidi et al., 2018). New heat flow data suggests different formation ages
(Poort et al., 2020), confirming the contrasting geodynamic sub-basin
history.

6. Discussion

6.1. Geometrical correlation between salt morphologies and crustal
segmentation

There is correlation between salt morphology and the structural
segmentation and nature of each sub-domain of the Western Mediter-
ranean area (Figs. 5; 6; 7). In the Liguro-Provencal basin, the Extensional
domain is located on the edges of the margins, where the authors
interpret a transitional and/or thinned crust (Moulin et al., 2015; Afil-
hado et al., 2015), along the entire north Algerian margin (Lepretre
et al., 2013; Mihoubi et al., 2014; Badji et al., 2015; Bouyahiaoui et al.,
2015; Aidi et al., 2018) and at the transition between the WAB and the
Alboran basin (Medaouri et al., 2014). In the western Sardinian margin,
the boundaries of the high salt base domain match well with the tran-
sitional crust interpreted by Afilhado et al. (2015). In the deep Liguro-
Provencal basin the Connected, Irregular salt morphology corresponds
to a proto-oceanic and/or oceanic crust following the interpretation of
refraction data by Moulin et al. (2015) and Afilhado et al. (2015). A
Connected, Regular domain is interpreted in the EAB, which appears to
correspond to a thin oceanic crust, as shown by refraction data (Mihoubi
et al., 2014; Bouyahiaoui et al., 2015) and clearly aligned magmatic
anomalies (Leroux et al., 2019). The WAB, whose crustal structure is still
a matter of debate, is generally characterized by further deformed salt
structures, contrasting in the eastern and northwestern sectors: in the
southwest of the South Menorca Block, the salt structures are connected
and the salt base is shallower while the deep basin is characterized by
the deepening of salt and larger morphologies. The transition between
continental and oceanic domains in the Alboran-WAB limit corresponds
to a change in salt morphologies, between an Anticlinal to a Large/
Connected domain. The sharp and quick transition from a thinned
continental crust to an oceanic crust along the north Algerian margin is
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associated with a rapid transition in salt morphologies, from an exten-
sional domain to a diapir domain. This latter shows different size
structures between the east and west Algerian deep basin.

6.2. Salt morphology segmentation hypotheses

We have mentioned some specific features of the Western Mediter-
ranean which make it a distinctive area for a salt tectonics study in a
passive margin context. The salt deposited during the Messinian Salinity
Crisis (about 6 million years ago) in a closed system where all sub-basins
considered in this paper were already formed, long after the rifting
phases and oceanic spreading. The salt is therefore not involved in any
rifting-extension movement, as some authors have claimed, for instance
in the Gulf of Mexico (Hudec et al., 2013b). Consequently, the Medi-
terranean Sea salt was deposited throughout the deep, already-formed
oceanic basins and lower slopes, onlapping the pre-salt sedimentary
sequences. The lower slope (concomitant with the Extensional salt
domain) is characterized by a basinward-tilting margin while the deep
basin by a purely vertical subsidence, started just after the oceanic
breakup (Rabineau et al., 2014; Leroux et al., 2015; Bache et al., 2010).
The vertical subsidence suggests a constant initial salt thickness in all the
deep basins, without the regional differences which can be provided by
variations in accommodation space during the deposition. Initial salt
thickness is hence predicted as constant throughout the deep basin,
above a thick pre-salt sedimentary layer that covers all initial topo-
graphic variations, except for the margin edges, in the lower slope,
where it was probably thinner. The tilting of the slopes effectively
induced well-developed thin-skinned tectonics, as previously described
by several authors (Gaullier, 1993; Dos Reis et al., 2005; Brun and Fort,
2011). Nevertheless, we have shown that the salt started to deform
during the Messinian while the listric faults in the margin activated only
in the Lower Pliocene. The infra-Messinian deformation was active
throughout the deep basin, as also observed in the north Algerian
(Bouyahiaoui et al., 2015) and western Sardinian margins (Del Ben
et al., 2018) and was already observed in the Levant basin (Gvirtzman
etal., 2013). If, as we anticipated, there was indeed a constant initial salt
thickness and no salt translation at that time, an imbalance of salt flux
(Pichel et al., 2020; Evans and Jackson, 2020), which could have created
accommodation for growth sedimentation and so early differential
loading, would be excluded. Another possible interpretation is that of an
erosional phase infra-UU which could have created differential load in
the early overburden, inducing early salt deformation. An infra-UU
unconformity named [ES (Intermediate Erosion Surface) is observed in
the western Sardinian and south Balearic margins (Lofi, 2018; Geletti
et al., 2014) and in the intermediate-depth basins, such as Valencia and
east Corsica basins (Lofi et al., 2011). The IES shows erosional trunca-
tion and divides the UU into two sub-units. It is complex to apprehend
whether the erosional surface is the cause or if it marks the end of the
infra-Messinian deformation. In Fig. 2 the IES is not observed (probably
due to the low resolution of the line) and the deeper sub-unit of the UU
seems to onlap the salt. The link between the IES surface with respect to
the infra-UU salt deformation is therefore still uncertain. Moreover, as
shown in Lofi et al. (2011); Lofi (2018), the UU basin-scale lateral facies
can vary. These variations could induce changes in the load above the
salt, which could then locally induce an early movement of salt without
lateral forces necessarily coming into play. Although early halokinetic
movements could be observed in the presence of significant initial salt
thickness, the striking coincidence between crustal segmentation and
salt morphology remains unexplained.

Following Bache et al. (2012), the evaporites in the Mediterranean
deep basin deposited during a relatively moderate and slow sea-level
rise. The salt deposition was probably brief (<50 000 years, Bache
et al., 2012) and the following dilution of waters led to the progressive
deposition of the Upper Unit. The pure halite seismic facies and the rapid
salt deposition in a relatively constant sea-level rise prompts us to
exclude any erosive surfaces inside the salt that could have triggered
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differential spatial loading. Moreover, the seismic facies seems typical of
pure halite and no regional lithological levels have been interpreted, as
for instance in eastern Mediterranean salt deposits (Gorini et al., 2015;
Gvirtzman et al., 2013; Evans and Jackson, 2021).

The main unresolved issue is the geometrical coincidence between
salt morphologies and crustal segmentation (Figs. 3, 5, 6, 7). As
mentioned, the salt is deposited above a thick (up to 2.5 km in Liguro-
Provencal basin), regionally unfaulted, pre-salt sequence. The base of
salt is also unfaulted and does not show regional, spatial depth varia-
tions (Figs. 6; 7). The only margin affected by thick-skinned tectonics is
the north Algerian margin, which undergoes tectonic inversion caused
by the NW-SE convergence between the African and European plates (e.
g. Kherroubi et al., 2009). The present-day shortening causes the base of
salt displacement by low angle south-dipping reverse faults (e.g. Domzig
et al., 2006; Lepretre, 2012; Déverchere et al., 2005; Leffondré et al.,
2021) and the salt involving in the play of active ramps and flats
(Fig. 6B,D,E). However, the north Algerian margin is a unique case
within the Western Mediterranean Sea. An active tectonic influence is
thus discarded as a possible cause of crustal-segmentation/salt-
morphology coincidence.

Le Cann (1987) and Pautot et al. (1984) claimed that the reactivation
of rifting-involved faults could influence salt-structure distribution
while Maillard et al. (2003) discussed the influence of differential pre-
salt sediment compaction. However, there is no observation to support
that a main fault system could have affected the base of salt, since pre-
Messinian sediments are thick and mostly unfaulted in the deep basin.
The majority of inherited rifting faults are no longer active and there is
no correlation between salt deformation and fault activation timing. We
agree on the theory of basement-step relevance, even below a thick
sedimentary sequence which may have smoothed any rugosity. How-
ever, unless probably for the North Balearic Transfer Zone (Fig. 5), there
are no significant steps in the basement that could explain such a dif-
ference. Moreover, the physical experiments of Maillard et al. (2003) are
unrealistically scaled, with a basement step three times the silicone
thickness and a simulated base salt tilt of 3°, not observed in the deep
basin. As highlighted in Fig. 3 (reflection and wide-angle profiles), at the
transitional-oceanic crust boundary, the basement has small depth
variations, pre-salt is mostly unfaulted and the base of salt is sub-
horizontal. Moreover, the observations of Pautot et al. (1984) and
Maillard et al. (2003) are mainly localized in the Gulf of Lion deep basin,
while the crustal segmentation-salt morphology coincidence seems to be
present throughout the Western Mediterranean sea.

It is widely known that sedimentary loading may be a dominant
mechanism on passive margin salt tectonics (e.g. Vendeville, 2005;
Rowan et al., 2012; Warsitzka et al., 2013; Gaullier et al., 2014). The
progradation of a brittle sedimentary wedge over a buoyant salt layer
induces pressure gradient differences caused by differential loading (e.g.
Vendeville, 2005). In the Gulf of Lion, the Quaternary Rhone Fan rep-
resents a large turbidite system which consists of a 1500 m-thick accu-
mulation of turbidites and mass-transport deposits (e.g. Leroux et al.,
2017; Droz et al., 2020; Cattaneo et al., 2020; Badhani et al., 2020). The
marked salt deformation in the deep Gulf of Lion basin occurred in the
Quaternary and is often related to this sedimentary fan, which would
have pushed and squeezed the salt towards the distal basin, forming salt
stocks and walls (Large Diapirs domain, Fig. 5). Nevertheless, once
again, this phenomenon cannot explain the coincidence between crustal
segmentation and salt morphologies observed throughout the Western
Mediterranean Sea. Moreover, Plio-Quaternary sedimentation is incon-
sistent in the deep sub-basins. It can reach 2 km in the Gulf of Lion basin
but is, with lower thicknesses, almost identical in the EAB and in the
WARB (less than 1 km). As described in Fig.s 5, 6 and 7, salt morphologies
in the EAB and WAB differ considerably, questioning the role of sedi-
mentary loading in both deep basins.

We propose that, despite being deposited above a thick sedimentary
column, the salt layer could be affected by a crustal and mantle thermal
anomaly. The main causes of salt tectonics, discussed here and well-
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known until now, seem to be inadequate in explaining the coincidence
between crustal nature and salt morphology. The thermal segmentation
seems to be the only hypothesis that could explain the observed corre-
lation. Below, we provide elements in support of our hypothesis which
remains to be proved and quantified, but which should not overlooked.

6.3. The potential role of thermicity on salt deformation

Since the hypothesis of thermal convection argued by Talbot (1978)
heat influence on salt deformation has intrigued the salt tectonics sci-
entific community. Following this author, geothermal gradients can add
an extra component to the classic salt tectonic mechanisms. Salt
rheology is mainly explained by creep equations, strongly affected by
the properties, water content and temperature of salt grains (e.g. Li and
Urai, 2016). Temperature plays an important role, causing a decrease in
viscosity (Urai et al., 1986, 2008; Carter et al., 1993; Van Keken et al.,
1993; Li and Urai, 2016; Marketos et al., 2016; Peach et al., 2001;
Jackson and Hudec, 2017). For example, Carter et al. (1993) found a
strong decrease in salt viscosity (up to four orders of magnitude) from a
temperature of 0°C to 100°C. High temperatures are found adjacent to a
rise of magma which may be the main cause of its movement (Schofield
et al., 2014). In the southern North Sea, Underhill (2009) suggests
heating induced by Paleogene dikes as a main trigger of salt movement.
Recently, Magee et al. (2020) suggests a salt flow enhanced by the hot
magma emplacement in the Santos basin. Moreover, salt morphologies
seem to change near the sill-complex: where the sills are located, salt
rollers are formed whilst far from the sill, the area is characterized by
diapiric deformation (Magee et al., 2020). Post-rift volcanic activity is
observed in several margins, as in the oceanic crust of the Gulf of Aden
(Leroy et al., 2010) and in the Newfoundland and Labrador margins
(Karner and Shillington, 2005). In the Gulf of Aden, Lucazeau et al.
(2009) measured a very high heat flow concomitant with a volcanic
structure, whose activity lasted well beyond the rifting phase. The
magma transfer is closely related to fault-zones (Georgen and Lin, 2003)
which could be inherited from the rifting period and can channelize heat
distribution. Volcanic activity and magmatic intrusions can somehow
influence salt morphologies, but they are local phenomena and do not
fully explain the coincidence between crust and salt, observed at a
regional level.

More regional thermal anomalies can be produced by a pronounced
crustal heat segmentation. An extremely thinned crust with exhumed
mantle or lower crust can, with the help of fluids, affect the thermal
regime in a large transition zone and lead to regional variations in
temperature at the base of the salt. The passive margin genesis is a
complex process, where the lower continental crust and the upper
mantle play a crucial role. Several indications provide insights into
crustal and mantle thermal segmentation and its role on subsidence,
such as: the discovery of serpentinized mantle in a few transitional do-
mains (Boillot et al., 1980), the role of lower continental crust exhu-
mation (Moulin et al., 2005; Aslanian et al., 2009; Afilhado et al., 2015;
Moulin et al., 2015; Evain et al., 2015; Loureiro et al., 2018), anomalous
heat flow in the transitional domain (Dupré, 2003; Lucazeau et al., 2008;
Goutorbe et al., 2008a; Goutorbe et al., 2011), the role of mafic intrusion
in the lower continental crust (Thybo and Nielsen, 2009; Thybo and
Artemieva, 2013; Tozer et al., 2017; Moulin et al., 2020), the fact that
the passive margins remain in a high position, close to sea level, until the
breakup and even much later (Moulin et al., 2005; Aslanian et al., 2009;
Labails et al., 2009; Péron-Pinvidic and Manatschal, 2009; Bache et al.,
2010). The replacement of continental mantle by hot asthenosphere
produces an important thermal anomaly that affects the subsidence of
the transitional domain (Huismans and Beaumont, 2011, 2014). These
thermal anomalies can be persistent in time due to edge-driven con-
vection in the mantle and result episodically in heat rising to the surface
through magmatic intrusion (King and Anderson, 1998; Lucazeau et al.,
2008). Analysis of heat flow in the transitional crust domains estimates
that these processes can lead to an increased mantle heat flow input of
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20-30 mW/m? (Goutorbe et al., 2008b) and a doubling of the surface
heat flow (Lucazeau et al., 2010). This equally means higher tempera-
tures at the top of basement crust that will be transferred to the salt
deposits. Moreover, regional hydrothermal circulations are known to
occur in margins and can redistribute heat in specific margin segments
(Lucazeau et al., 2010; Poort et al., 2020).

Although the direct link between salt morphology segmentation and
the thermal regime remains speculative, we argue that the hypothesis of
a relationship between temperature and salt deformation at a regional
level should not be discounted. As the temperature increases, viscosity
decreases and the strain rate increases. We would thus expect, with the
same force and salt features (water content, grain size, purity...), a faster
and more "intense" deformation at higher temperatures. Only more in-
depth work on the thermal regime in passive margins can help in
quantifying the temperature variations needed to affect salt flow.

7. Other salt passive margins

In the previous section, we described the coincidence between
crustal segmentation and salt morphologies in the Western Mediterra-
nean Sea. Although we have listed some of the hypotheses to explain this
coincidence, discussion is still open and a clear answer still indefinite. In
the next section, we will explore other, well-known, passive margins in
the world (Fig. 8) to understand if this correlation is observed in other
salt-bearing margin contexts. We will not detail the salt tectonics of
every margin as this is not the object of this paper. Nevertheless, we will
try to summarize the key information and analogies with the Western
Mediterranean Sea, in order to discuss the salt morphology-crustal
segmentation relationship. We compared regional salt morphologies
and crustal segmentation in the South-Atlantic margins (Angolan and
Santos basins), Gulf of Mexico, Morocco and Nova Scotia margins.

7.1. Salt morphologies

The definition of the salt morphology domain is not simple as each
passive margin differs in main salt tectonic mechanisms and resulting
structures. We have grouped salt morphologies into three main domains,
for regional comparison with crustal domains constrained by refraction
seismic data. The choice of only three domains falls on the impossibility
of having the same detail of analysis as we have in Western Mediterra-
nean. We have referred the salt structures interpretation to the wide salt
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Fig. 8. Regional bathymetric map showing location of the world passive
margins study areas.
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tectonics literature present in the different passive margins, using pub-
lished profiles (References in chapter 3.1) and salt isopach maps (e.g.
Kukla et al., 2018; Mohriak et al., 2008).

The three domains are so-defined based on main geometrical char-
acteristics and associated structures, as already the case for the Western
Mediterranean Sea, for a global, homogenous perspective, and are
named: -Extensional domain, -Diapir domain and -Massive-Canopy
domain. The Extensional domain is so-called due to the typical exten-
sional thin-skinned structures such as salt rollers, turtlebacks and base
salt-rooted normal faults. The Diapir domain includes salt stocks and
walls characterized by discordant, overburdened, autochthonous, con-
nected or disconnected structures. Moreover, the Diapir domain of the
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Gulf of Mexico can exhibit coalescence sheets and allochthonous salt as
well as basinward listric faults (Diegel et al., 1995; Fort and Brun, 2012).
The Massive-Canopy domain is located in the downdip part of the salt
basins and is characterized by thickening of salt deposits, thrust, folds
and compressional diapirs. This domain can be characterized by massive
thickened salt and/or canopy structures. The term canopy describes salt
that is emplaced at stratigraphic levels above the autochthonous evap-
orites and consists of sub-horizontal or moderately dipping structures
(Hudec and Jackson, 2006). The salt moved vertically from a single or
multiple autochthonous feeder forming a salt sheet, which, after coa-
lescence of numerous structures, could form a canopy. The spatial dis-
tribution of these three domains shares features with kinematically
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Fig. 9. (A) Map showing the salt morphologies and crust segmentation in the Santos and Campos basins. On the left it is shown only the crustal segmentation while
on the right also the salt morphologies domains. Blue area represents the Extensional salt domain distribution; pink area the Large and Narrow Diapirs domains;
yellow area the Canopy-Massive salt domain. Wide-angle profile location and crust segmentation are from Evain et al. (2015). Volcanic structures are from Mohriak
(2001). The hinge line and the Capricornio and Cruzeiro do Sul Lineaments are from Moulin et al. (2012). Black lines represent seismic profile interpreted (references
in the text). (B) From top to bottom, Sanba01l time-migrated reflection seismic line uninterpreted and interpreted (location in Fig. 9a). The interpreted salt mor-
phologies are represented, showing their evolution from the lower slope to the deep basin. Sanba01 wide-angle profile, coincident with the reflection seismic line
showing crust segmentation along SSPS (from Evain et al., 2015). Dashed black lines represent the lower and upper limit of the crust.
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zones already described by authors (e.g. Brun and Fort, 2011; Hudec and
Jackson, 2004; Jackson et al., 1994; Peel, 2014; Vendeville, 2005;
Rowan et al.,, 2012), characterized by updip extension, mid-slope
translation and a downdip contraction domain. We have not used the
terminology already proposed in literature because we consider it
interpretative with regard to the processes of salt tectonics involved. The
Extensional domain in passive margins presents similarities to the
Extensional salt domain described in the Western Mediterranean Sea.

Earth-Science Reviews 222 (2021) 103818
The Diapir domain has main similarities to the Large Diapir domain in
the Algerian and Gulf of Lion deep basin (Figs. 6A and 10). The Canopy-

Massive domain is not identified in Western Mediterranean salt basins,
where the salt is mainly autochthonous.

7.2. Passive margins crustal segmentation

The crustal segmentation and nature of each margin is described in
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this paragraph, listing the interpretation proposed in literature. As in the
Western Mediterranean sea, the segmentation is constrained by wide-
angle seismic data with complementary gravity and magnetic data.

For the SSPS (Santos Sao Paulo plateau System), we used six multi-
channel (MCS) and coincident wide-angle seismic profiles acquired
during the SanBa Experiment on the Brazilian margin: profiles SBO1 and
SBO2 run in a NW-SE direction, separated from each other by less than a
hundred kilometers (Fig. 9a); profiles SB03, SB04, SBO6 and SB0O7 cross
these two main lines. The velocity models provided the authors (Evain
et al., 2015) with new segmentation consisting of seven distinct domains
(Figs. 9), also coherent with the observations of gravity and magnetic
data:

- Domain CC: unthinned continental crust domain with a 35-40 km

thick crust and velocities between 5.6 and 7.0 km/s.

Domain N: the necking domain, characterized by thinning, is less

than 100 km wide. The Moho rises and the basement deepens.

Domain A: thin crust with velocities between 6.0 and 7.0 km/s.

Towards the deep basin (SE), the Moho and the top of the basement

rise slowly. This domain corresponds to a low gravity anomaly and a

high magnetic anomaly and is defined as exhumed lower continental

crust (Evain et al., 2015).

Domain B: very thin crust that shows the most heterogeneous crustal

structure. The basement deepens by 1-2 km and the area is charac-

terized by a large and mostly negative magnetic anomaly and a

relatively high gravity anomaly. Large lateral variations in crustal

velocities are observed between the two profiles. This domain is
interpreted either as very thin exhumed lower continental crust
intruded by magmatism or as atypical oceanic crust, overlying

altered mantle (Evain et al., 2015). Whatever the nature of domain B

in the central part of the SSPS, it is characterized by a Moho rise, an

extremely thin crust (7 to 11 km thick from Evain et al., 2015) and a

lower layer characterized by high velocity (7.0-7.8 km/s) (Fig. 9b).

- Domain C: 11 to 17 km thick crust with a pattern similar to Domain A
except for the lower upper crust velocity (5.2 km/s).

- Domain D: 5 km thick atypical crust with a triangular shape char-
acterized by a step in bathymetry, low gravity and magnetic anom-
alies. Klingelhoefer et al. (2014) describe this domain as
characterized by anomaly velocities as proto-oceanic crust.

- Domain OC: Oceanic crust

For the Angolan margin, we took into account the crustal nature
interpreted after the ZaiAngo wide-angle project, led by Ifremer and
TotalFinaElf. Seven MCS and refraction profiles were acquired between
the Lower Congo and the Angolan basins (Fig. 10). Contrucci et al.
(2004a) and Moulin et al. (2005) interpreted the Angolan margin
formed by four domains (Fig. 10), also coherent with gravity and
magnetic data:

- CC: corresponds to the unthinned continental crust, 30-35 km thick
(based on gravity data)
- N: refers to the 50 km-wide necking zone, with an abrupt thinning of
crust of about 20 km.
T1: refers to the landward region of transitional domain character-
ized by a thin crust of about 16-8 km thick, and an anomalous ve-
locity zone below (7.2 to 7.5 km/s). This layer is interpreted partly in
the necking zone and it reaches a maximum thickness when the basin
displays the maximum depth.
T2: refers to the basinward region of transitional domain, charac-
terized by a slightly thinning crust and the absence of the high ve-
locity lower layer seen in T1. The transitional domain is bounded to
the west by a basement high. Crust thickness does not exceed 5 km.
- OC: the oceanic crust is 6-7 km thick.

The velocity model in the upper crustal layer of segment T2 does not
seem to be coherent with an oceanic nature and, at the same time, shows
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velocity and thickness that appear to be different to those of a “typical”
continental crust (Contrucci et al., 2004a). The anomalous velocity layer
in domain T1 can be interpreted as lower continental crust because of its
velocities (Holbrook et al., 1992) or as serpentinized mantle (Contrucci
et al., 2004a). Based on kinematic studies, wide-angle and multichannel
seismic analysis, Aslanian et al. (2009) propose a three-phase model of
evolution where domain T2 is allochthonous and could represent
exhumation of the lower continental crust from the autochthonous T1
domain.

For the Gulf of Mexico, the crustal segmentation interpreted as part
of the GUMBO Marine Seismic Experiment consists of four wide-angle
profiles in the northern GOM margin (Fig. 11). The continental crust
is between 36 km (Offshore Florida, Eddy et al., 2018) and 40 km
(Huerta and Harry, 2012) thick and thins along about 200 km (Gumbo3,
Eddy et al., 2014). In the transitional domain, the crust stretched to a
thickness of less than 10 km (GUMBOI1 offshore Texas, Van Avendonk
et al., 2015; Fig. 7b), and 6-7 km offshore Florida (Christeson et al.,
2014). In the northwestern GOM, concomitant to GUMBO3 and
GUMBO4 profiles, the authors interpreted high-velocity lower crust as
syn-rift magmatic intrusion into the lower crust (Eddy et al., 2014) while
offshore Texas, the low velocity is not consistent with magmatic
underplating (Van Avendonk et al., 2015). Here, a 45 km-wide zone of
low-velocity and thin crust might be associated with exhumed mantle,
locally serpentinized. The oceanic crust limit (OCT) is still debated in
literature (Fig. 11). The oceanic crust has a thickness ranging from 6 km
(offshore Florida, GUMBO4) to 8 km. Many interpretations of the nature
of the transitional crust domain in the north GOM are proposed: thinned
continental crust (Roberts et al., 2005); oceanic and proto-oceanic crust
(Imbert and Philippe, 2005; Mickus et al., 2009); serpentinized mantle
or thin oceanic crust (Kneller and Johnson, 2011); hyperextended con-
tinental crust with exhumed mantle in central and north-western sectors
and proto-oceanic crust in the east (Rowan et al., 2012). Whatever the
interpretation, the velocity models show a wide transitional domain
characterized by a Moho rise (Fig. 11) (up to 16 km depth, GUMBO3)
and crustal thinning (up to 7 km, GUMBO4), associated with high ve-
locity in the lower layer (Fig. 11b).

In Morocco-Nova Scotia conjugated margins, we considered crustal
segmentation using MIRROR (Biari et al., 2015), SISMAR (Contrucci
et al., 2004b) and SMART (Funck et al., 2004; Wu et al., 2006)
reflection-refraction experiments for, respectively, the Morocco (the
former two) and Nova-Scotia margins (Fig. 12). The Moroccan margin
segmentation is divided into three crustal domains (Fig. 12, from Biari
et al., 2015): unthinned continental crust of 36 km thick, a thinning
continental crust domain and an oceanic domain. The thinning domain
is less than 90 km wide and, at the limit with the oceanic domain, the
crust is approximately 13 km thick. The oceanic domain is characterized
by an area with high lower crust velocities (atypical oceanic crust from
Biari et al., 2015) and an oceanic crust thickness of 8 km in the most
distal part. In the Nova Scotia margin (Fig. 12), Funck et al. (2004)
(SMART1) and Wu et al. (2006) (SMART2) interpreted a 36 km-thick
continental crust, which thins seawards to 5-6 km, mostly over the
slope region. To the north (SMART1 and SMART2), the authors propose
a wide area of partially serpentinized upper mantle rocks, characterized
by high lower-crustal velocities (up to 7.6 km/s). Further south
(SMARTS3) Louden et al. (2013) interpreted a thicker oceanic crust (7
km) and an area of magmatic underplated bodies. The comparison be-
tween the two conjugated profiles (SMART1 and MIRROR1), following
the cinematic reconstitution of Sahabi et al. (2004), shows structural
and crustal similarities in the area of the necking zone and a thinning of
continental crust. However, the presence of a transitional domain in the
Canadian margin characterized by an exhumed serpentinized mantle
and a West African domain formed by intruded oceanic crust led the
authors to favour the hypothesis of symmetrical rifting followed by
asymmetrical oceanic accretion (Klingelhoefer et al., 2016; Biari et al.,
2017), although there are other hypotheses, including an age difference
between the two oceanic crusts imaged by refraction profiles or a greater
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Fig. 11. (A) Map showing crustal segmentation and salt morphologies in Gulf of Mexico. On the left it is shown only the crustal segmentation while on the right the
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thickness of the oceanic crust on the African side due to the influence of
the Canary hot spot (Biari et al., 2015).

8. Geometrical correlation between salt morphologies and
crustal segmentation in other passive margins and potential
explanations

The spatial salt morphology distribution variation (Figs. 9; 10; 11;
12) suggests a relationship with the crustal segmentation of each
margin.

In the Santos margin, the salt base is evidently interpretable except in
the Massive-Canopy domain, where seismic imaging is hampered by
absorption and scattering of salt deposits. In the Large Diapir domain,
the salt base shows a landward vergence (Fig. 9b; Davison, 2007; Guerra
and Underhill, 2012; Strozyk et al., 2017). Moreover, it is largely
unfaulted in the proximal to distal domains and underlain by similarly
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unfaulted sag sequence (Moulin et al., 2005; Karner and Gamboa, 2007;
Unternehr et al., 2010; Rowan, 2014), composed of syn-rift sediments
(Kumar et al., 2013) of about 2 km thick (Evain et al., 2015). The
transition between the continental domain (Domain A and A’) and
Domain B coincides with a change in salt morphology, from a Diapir Salt
Domain to a Canopy-Massive Domain (Fig. 9). In Domain B the wide-
angle profile shows an irregular top of crust (Fig. 9; dashed black line)
but does not seem to have a structural influence on the salt. The SSSP
represents a buffer zone of the South Atlantic Ocean (Moulin et al.,
2012) with its two conjugate margins and a failed ridge in its centre
(Evain et al., 2015). Therefore, in the southern part of the basin, the salt
onlaps the Sao Paulo Ridge (Fig. 9), interpreted as of continental nature
(Evain et al., 2015).

In the Angolan margin (Fig. 10), the slope exhibits an Extensional
domain, described by various authors (e.g. Brun and Fort, 2011; Marton
et al.,, 2000; Duval et al., 1992), basinward followed by the Diapir
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of the crust.

domain in the proximal sag basin, characterized by salt stocks, weld
structures and wide pillows. In the Canopy-Massive domain, as in the
Santos basin, the salt is thick, stands above the sag basin and the base of
salt is hampered. It can extend over the oceanic crust, forming nappe
geometries (Fig. 10). Whatever the crustal nature of the different seg-
ments in the transitional domain, there is a strong coincidence between:
1) crustal domain T1 and the overlaying Large Diapir Domain, 2) crustal
domain T2 and the Canopy-Massive Salt domain (Fig. 10b). In the Santos
and Angolan margin, the limit between the Diapir domain to the
Massive-Canopy domain corresponds to a shallower Moho depth (from
~20 km to ~15 km) and a thinning of crust (from ~12-15 to ~5-8 km).

In the Gulf of Mexico, the crustal segmentation incertitude (Fig. 11)
and the wide spatial distribution of salt structures make it difficult to
compare crustal nature and salt morphologies. Nevertheless, the canopy
structures in the Sigsbee Escarpment lays on extremely thinned transi-
tional crust, probably exhumed (Rowan, 2014, 2018), and on oceanic
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crust. The crust below the wide canopy domain thins (up to 8 km) and
the Moho rises and could be characterized by mantle exhumation
(Rowan, 2014).

The salt tectonics system of Morocco-Nova Scotia conjugated mar-
gins exhibits some differences with respect to the Gulf of Mexico and
South Atlantic margins. The Diapir salt domain is mainly centred on the
Necking Zone domain, where the crust is of continental nature and
thinned (Fig. 12; Biari et al., 2015) and the deformation is affected by
the initial salt thickness and the underlying basement structures (Ings
and Shimeld, 2006; Krézsek et al., 2007). The Massive-Canopy salt
domain occupies a vast area only in the Nova Scotia margin and is
characterized by salt derived from the Diapir Domain, which glided
towards the deep basin after its deposition (Sahabi et al., 2004) (Fig. 12).
In the Moroccan margin, the seaward movement is limited (Holik et al.,
1991), except in the Tafelney Plateau (Fig. 12), where some salt can-
opies may have locally mobilized over a distance of up to 20 km.
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The correlation between salt morphology and crustal segmentation
in the different basins suggests that Canopy/Massive salt domains are
associated with crustal domains that have undergone magmatic in-
trusions at their base (highly intruded exhumed lower continental crust,
as in Angola Basin) or proto-oceanic to oceanic domain (Provencal
Basin, Santos Basin). Concomitant to this salt domain, the Moho is
shallower and the crust thinner.

In contrast to the Western Mediterranean Sea, several mechanisms
may be at the root of the crustal segmentation-salt morphology coinci-
dence. The salt passive margin segmentation caused by the interaction of
gliding-spreading mechanisms (e.g. Ge et al., 1997; Vendeville, 2005;
Hudec and Jackson, 2007; Gaullier et al., 2006; Brun and Fort, 2011;
Rowan et al., 2012) likely explains the downdip succession of salt
morphologies domains but does not fully demonstrate their spatial
coincidence with crustal domains. The present-day salt structure dis-
tribution could be related to the salt deposition timing with respect to
rifting phases (Jackson et al., 1994; Tari et al., 2003; Rowan, 2014,
2018; Jackson and Hudec, 2017; Hudec and Peel, 2019). The crustal
structure controls the topography at the time of salt deposition and thus
exerts a primary control on initial salt thickness. The salt thickness can
govern the evolution of salt morphologies, which result from, among
other causes, the salt supply (e.g. Hudec and Jackson, 2007). A good
example are the Morocco-Nova Scotia conjugated margins, considered
as syn-rift (Tari et al., 2003; Tari et al., 2012) or syn-stretching (Rowan,
2014) salt basins. Here, the salt was deposited during the last stage of
rifting, prior to the breakup, in the Upper Triassic/Lower Jurassic
(Hafid, 2000; Tari et al., 2003). The salt structures are thus attributed to
the underlying basement structure, which determined the initial
configuration of the basins and influenced the initial salt thickness (Ings
and Shimeld, 2006; Krézsek et al., 2007). In the Gulf of Mexico and
South Atlantic salt basins, several authors claimed significant variations
in initial salt thickness (Gulf of Mexico: Rowan, 2014, 2018; Hudec
et al., 2013a) while others (Angolan margin: Moulin et al., 2005) a
roughly constant thickness and no post-deposition horizontal move-
ments. Consequentially, the salt deposition context, as well as its impact
on present-day salt structures is still debated.

9. Conclusion

We have shown that due to the specific features in the Western
Mediterranean, the classic salt tectonics models fail to explain the
regional differences in salt morphology distribution, early deformation
in the deep basin and spatial coincidence with crustal segmentation.

A different temperature distribution at the base of salt related to
fluids and/or heat segmentation resulting from different crustal natures
could play a part, affecting salt rheology and thus adding a further
component to the already well-known mechanisms.

The same coincidence is observed in some global salt-bearing passive
margins. Although the discussion on the main mechanisms of salt tec-
tonics in passive margins remains open, the heat segmentation hy-
pothesis should not be overlooked and warrants further investigation,
especially in view of the evidences observed in the Western Mediterra-
nean Sea.

Further heat flow analyses are needed to correlate salt-deformation
timing with the thermal regime evolution in passive margins. More-
over, analogue and/or numerical modelling might be useful to isolate
the temperature parameter impact and understand how the salt may
change morphology and timing with a different temperature regime at
its base.

Contributions

The study was conceived by DA. MB has re-interpreted and compiled
the different salt morphologies with the help of RP, DA, MM, MR, EL,
CG, ADB. The compilation and analysis of the published wide-angle data
were done by MB, MM, DA. The thermal data were provided by JP. AC

Earth-Science Reviews 222 (2021) 103818

provided new seismic data. All authors provided critical feedback and
helped shape the research, analysis and manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Acknowledgements

The authors acknowledge the fruitful and constructive English edit-
ing advice and corrections by Alison Chalm. This work was supported by
Labex MER (ANR10-LABX-19) and the ISblue project, Interdisciplinary
graduate school for the blue planet (ANR-17-EURE-0015) co-funded by
a grant from the French government under the program "Investissements
d’Avenir" and by a PHD grant awarded to M. Bellucci by the Regional
Council of Brittany and IFREMER and prepared at the EDSML doctoral
School at UBO (University of Brest) and the University of Trieste. It was
further supported by COST-CA15103-MEDSALT program and “Uni-
versité Franco-Italienne, Programme VINCI 2019”. We thank the cap-
tains, crew and scientific parties of campaigns WESTMEDFLUX (R/V
L’Atalante 2016, doi:10.17600/16000600) and WESTMEDFLUX2 (R/V
L’Atalante 2018, doi:10.17600/18000402). The authors acknowledge
the journal’s editor Carlo Doglioni and reviewers, Sian Evans and
anonymous, for their advice and comments on the manuscript which
greatly improved its quality.

References

Afilhado, A., Moulin, M., Aslanian, D., Schniirle, P., Klingelhoefer, F., Nouzé, H.,
Rabineau, M., Leroux, E., Beslier, M.O., 2015. Deep crustal structure across a young
passive margin from wide-angle and reflection seismic data (The SARDINIA
Experiment)-1I. Sardinia’s margin. Bulletin de la Société Géologique de France 186
(4-5), 331-351.

Aidi, C., Beslier, M.O., Yelles-Chaouche, A K., Klingelhoefer, F., Bracene, R., Galve, A.,
Bounif, A., Schenini, L., Lamine, H., Schurnle, P., Hamou, D., Sage, F., Charvis, P.,
Déverchere, J., 2018. Deep structure of the continental margin and basin off Greater
Kabylia, Algeria-New insights from wide-angle seismic data modeling and
multichannel seismic interpretation. Tectonophysics 728, 1-22.

Arab, M., Rabineau, M., Déverchere, J., Bracene, R., Belhai, D., Roure, F., Marok, A.,
Bouyahiaoui, B., Granjeon, D., Andriessen, P., Sage, F., 2016. Tectonostratigraphic
evolution of the eastern Algerian margin and basin from seismic data and onshore-
offshore correlation. Mar. Pet. Geol. 77, 1355-1375.

Aslanian, D., Moulin, M., 2012. Palaeogeographic consequences of conservational
models in the South Atlantic Ocean. Geol. Soc. Lond., Spec. Publ. 369 (1), 75-90.

Aslanian, D., Moulin, M., Olivet, J.L., Unternehr, P., Matias, L., Bache, F., Rabineau, M.,
Nouzé, H., Klingelhoefer, F., Contrucci, L., Labails, C., 2009. Brazilian and African
passive margins of the Central Segment of the South Atlantic Ocean: Kinematic
constraints. Tectonophysics 468 (1-4), 98-112.

Auzende, J.M., Bonnin, J., Olivet, J.L., 1973. The origin of the western Mediterranean
basin. J. Geol. Soc. 129 (6), 607-620.

Bache, F., Olivet, J.L., Gorini, C., Rabineau, M., Baztan, J., Aslanian, D., Suc, J.P., 2009.
Messinian erosional and salinity crises: view from the Provence Basin (Gulf of Lions,
Western Mediterranean). Earth Planet. Sci. Lett. 286 (1-2), 139-157.

Bache, F., Olivet, J.L., Gorini, C., Aslanian, D., Labails, C., Rabineau, M., 2010. Evolution
of rifted continental margins: the case of the Gulf of Lion (Western Mediterranean
Basin). Earth Planet. Sci. Lett. 292 (3-4), 345-356.

Bache, F., Popescu, S.M., Rabineau, M., Gorini, C., Suc, J.P., Clauzon, G., Olivet, J.L.,
Rubino, J.L., Melinte-Dobrinescu, M.C., Estrada, F., Londeix, L., Armijo, R.,

Meyer, B., Jolivet, L., Jouannic, G., Leroux, E., Aslanian, D., Tadeu Dos Reis, A.,
Mocochain, L., Dumurdzanov, N., Zagorchev, L., Lesic, V., Tornic, D., Cagatay, M.N.,
Brun, J.P., Sokoutis, D., Csato, I., Ucarkus, G., Cakir, Z., 2012. A two-step process for
the reflooding of the Mediterranean after the Messinian Salinity Crisis. Basin Res. 24
(2), 125-153.

Badhani, S., Cattaneo, A., Dennielou, B., Leroux, E., Colin, F., Thomas, Y., Jouet, G.,
Rabineau, M., Droz, L., 2020. Morphology of retrogressive failures in the Eastern
Rhone interfluve during the last glacial maximum (Gulf of Lions, Western
Mediterranean). Geomorphology 351, 106894.

Badji, R., 2014. Structure Profonde de la croiite et potentiel pétrolier des bassins
sédimentaires a 1’ouest de 1’Algérie. Doctoral dissertation, Nice.

Badji, R., Charvis, P., Bracene, R., Galve, A., Badsi, M., Ribodetti, A., Beslier, M.O., 2015.
Geophysical evidence for a transform margin offshore Western Algeria: a witness of a
subduction-transform edge propagator? Geophys. J. Int. 200 (2), 1029-1045.


http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0020
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0020
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0030
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0030
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0035
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0035
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0035
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0050
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0050
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0050
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0050
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0055
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0055
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0060
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0060
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0060

M. Bellucci et al.

Biari, Y., Klingelhoefer, F., Sahabi, M., Aslanian, D., Schnurle, P., Berglar, K., Moulin, M.,
Mehdi, K., Graindorge, D., Evain, M., Benabdellouhed, M., Reichert, C., 2015. Deep
crustal structure of the north-west African margin from combined wide-angle and
reflection seismic data (MIRROR seismic survey). Tectonophysics 656, 154-174.

Biari, Y., Klingelhoefer, F., Sahabi, M., Funck, T., Benabdellouahed, M., Schnabel, M.,
Austin, J.A., 2017. Opening of the central Atlantic Ocean: implications for geometric
rifting and asymmetric initial seafloor spreading after continental breakup. Tectonics
36 (6), 1129-1150.

Blondel, S., Camerlenghi, A., Del Ben, A., Bellucci, M., 2021. Late Miocene to present-day
tectonostratigraphy of the northern central Algerian Basin: Evidence of a
contractional salt system from reprocessed seismic data (No. EGU21-9640). In:
Copernicus Meetings.

Boillot, G., Grimaud, S., Mauffret, A., Mougenot, D., Kornprobst, J., Mergoil-Daniel, J.,
Torrent, G., 1980. Ocean-continent boundary off the Iberian margin: a serpentinite
diapir west of the Galicia Bank. Earth Planet. Sci. Lett. 48 (1), 23-34.

Bouyahiaoui, B., Sage, F., Abtout, A., Klingelhoefer, F., Yelles-Chaouche, K., Schniirle, P.,
Marok, A., Déverchere, J., Arab, M., Galve, A., Collot, J.Y., 2015. Crustal structure of
the eastern Algerian continental margin and adjacent deep basin: implications for
late Cenozoic geodynamic evolution of the western Mediterranean. Geophys. J. Int.
201 (3), 1912-1938.

Brun, J.P., Fort, X., 2004. Compressional salt tectonics (Angolan margin). Tectonophysics
382 (3-4), 129-150.

Brun, J.P., Fort, X., 2011. Salt tectonics at passive margins: Geology versus models. Mar.
Pet. Geol. 28 (6), 1123-1145.

Brun, J.P., Fort, X., 2012. Salt tectonics at passive margins: geology versus models-Reply.
Mar. Pet. Geol. 37 (1), 195-208.

Bulian, F., Sierro, F.J., Ledesma, S., Jiménez-Espejo, F.J., Bassetti, M.A., 2021. Messinian
West Alboran Sea record in the proximity of Gibraltar: Early signs of Atlantic-
Mediterranean gateway restriction. Mar. Geol. 434, 106430.

Camerlenghi, A., Accettella, D., Costa, S., Lastras, G., Acosta, J., Canals, M., Wardell, N.,
2009. Morphogenesis of the SW Balearic continental slope and adjacent abyssal
plain, Western Mediterranean Sea. Int. J. Earth Sci. 98 (4), 735.

Carminati, Eugenio, Lustrino, Michele, Doglioni, Carlo, 2012. Geodynamic evolution of
the central and western Mediterranean: Tectonics vs. igneous petrology constraints.
Tectonophysics 579, 173-192.

Carter, N.L., Horseman, S.T., Russell, J.E., Handin, J., 1993. Rheology of rocksalt.

J. Struct. Geol. 15 (9-10), 1257-1271.

Cattaneo, A., Badhani, S., Caradonna, C., Bellucci, M., Leroux, E., Babonneau, N.,
Garziglia, S., Poort, J., Akhamanov, G.G., Bayon, G., Dennielou, B., Jouet, G.,
Migeon, S., Rabineau, M., Droz, L., Clare, M., 2020. The last glacial maximum
Balearic Abyssal Plain megabed revisited. Geol. Soc. Lond., Spec. Publ. 500 (1),
341-357.

Christeson, G.L., Van Avendonk, H.J.A., Norton, 1.0., Snedden, J.W., Eddy, D.R.,
Karner, G.D., Johnson, C.A., 2014. Deep crustal structure in the eastern Gulf of
Mexico. J. Geophys. Res. Solid Earth 119 (9), 6782-6801.

CIESM, C, 2008. The Messinian Salinity Crisis from mega-deposits to microbiology-a
consensus report. In: CIESM Workshop monographs, Vol. 33. Ciesm, Monaco,
pp. 1-168.

Clauzon, G., Suc, J.-P., Gautier, F., Berger, A., Loutre, M.-F., 1996. Geology 24, 363-366.

Cobbold, P.R., Szatmari, Peter, 1991. Radial gravitational gliding on passive margins.
Tectonophysics 188 (3-4), 249-289.

Cobbold, P., Rossello, E., Vendeville, B., 1989. Some experiments on interacting
sedimentation and deformation above salt horizons. Bulletin de la Société
Géologique de France 3, 453-460.

Contrucci, I., Matias, L., Moulin, M., Géli, L., Klingelhofer, F., Nouzé, H., Aslanian, D.,
Olivet, J.L., Réhault, J.P., Sibuet, J.C., 2004a. Deep structure of the West African
continental margin (Congo, Zaire, Angola), between 5 S and 8 S, from reflection/
refraction seismics and gravity data. Geophys. J. Int. 158 (2), 529-553.

Contrucci, L., Klingelhofer, F., Perrot, J., Bartolomé, R., Gutscher, M.A., Sahabi, M.,
Malod, J., Rehault, J.P., 2004b. The crustal structure of the NW Moroccan
continental margin from wide-angle and reflection seismic data. Geophys. J. Int. 159
(1), 117-128.

Cowie, L., Angelo, R.M., Kusznir, N.J., Manatschal, G., Horn, B., 2016. The palaeo-
bathymetry of base Aptian salt deposition on the northern Angolan rifted margin:
constraints from flexural back-stripping and reverse post-breakup thermal
subsidence modelling. Pet. Geosci. 22 (1), 59-70.

Cramez, C., Jackson, M.P.A., 2000. Superposed deformation straddling the continental-
oceanic transition in deep-water Angola. Mar. Pet. Geol. 17 (10), 1095-1109.

Curry, M.A,, Peel, F.J., Hudec, M.R., Norton, 1.O., 2018. Extensional models for the
development of passive-margin salt basins, with application to the Gulf of Mexico.
Basin Res. 30 (6), 1180-1199.

Dal Cin, M., Del Ben, A., Mocnik, A., Accaino, F., Geletti, R., Wardell, N., Zgur, F.,
Camerlenghi, A., 2016. Seismic imaging of Late Miocene (Messinian) evaporites
from Western Mediterranean back-arc basins. Pet. Geosci. 22 (4), 297-308.

Davison, 1., 2007. Geology and tectonics of the South Atlantic Brazilian salt basins. Geol.
Soc. Lond., Spec. Publ. 272 (1), 345-359.

Davison, 1., Anderson, L., Nuttall, P., 2012. Salt deposition, loading and gravity drainage
in the Campos and Santos salt basins. Geol. Soc. Lond., Spec. Publ. 363 (1), 159-174.

Del Ben, A., Mocnik, A., Camerlenghi, A., Geletti, R., Zgur, F., 2018. Western Sardinian.
In: Lofi, et al. (Eds.), The Messinian Salinity Crisis Markers in the Mediterranean Sea,
Volume 2.

Demercian, S., Szatmari, P., Cobbold, P.R., 1993. Style and pattern of salt diapirs due to
thin-skinned gravitational gliding, Campos and Santos basins, offshore Brazil.
Tectonophysics 228 (3-4), 393-433.

Déverchere, J., Yelles, K., Domzig, A., Mercier de Lépinay, B., Bouillin, J.P., Gaullier, V.,
Bracene, R., Calais, E., Savoye, B., Kherroubi, A., Le Roy, P., Pauc, H., Dan, G., 2005.

18

Earth-Science Reviews 222 (2021) 103818

Active thrust faulting offshore Boumerdes, Algeria, and its relations to the 2003 Mw
6.9 earthquake. Geophys. Res. Lett. 32 (4).

Dewey, J.F., et al., 1989. Kinematics of the western Mediterranean. Geol. Soc. Lond.,
Spec. Publ. 45 (1), 265-283.

Dickinson, J.N., 2017. Late Mesozoic and Cenozoic Kinematic Reconstruction:
Assessment of Late Cretaceous Magmatism and Source-Tosink Configuration in the
Northwestern Gulf of Mexico. Master Thesis University of Houston.

Diegel, F.A., Karlo, J.F., Schuster, D.C., Shoup, R.C., Tauvers, P.R., 1995. Cenozoic
structural evolution and tectono-stratigraphic framework of the northern Gulf Coast
continental margin.

Do Couto, D., Popescu, S.M., Suc, J.P., Melinte-Dobrinescu, M.C., Barhoun, N., Gorini, C.,
Jolivet, L., Poort, J., Jouannic, G., Auxietre, J.L., 2014. Lago Mare and the Messinian
salinity crisis: evidence from the Alboran Sea (S. Spain). Mar. Pet. Geol. 52, 57-76.

Domzig, A., Yelles, K., Le Roy, C., Déverchere, J., Bouillin, J.P., Bracene, R., Lépinay, De
B.M., Le Roy, P., Calais, E., Kherroubi, A., Gaullier, V., Savoye, B., Pauc, H., 2006.
Searching for the Africa-Eurasia Miocene boundary offshore western Algeria
(MARADJA’03 cruise). Compt. Rendus Geosci. 338 (1-2), 80-91.

Dooley, T.P., Jackson, M.P., Hudec, M.R., 2013. Coeval extension and shortening above
and below salt canopies on an uplifted, continental margin: Application to the
northern Gulf of Mexico. AAPG Bull. 97 (10), 1737-1764.

Dos Reis, A.T., 2001. La Tectonique Salifere et son Influence sur I’ Architecture
Sédimentaire Quaternaire de la Marge du Golfe du Lion- Méditérranée Occidentale
(Doctoral dissertation).

Dos Reis, A.T., Gorini, C., Mauffret, A., 2005. Implications of salt-sediment interactions
on the architecture of the Gulf of Lion deep-water sedimentary systems—western
Mediterranean Sea. Mar. Pet. Geol. 22 (6-7), 713-746.

Dos Reis, A.T., Gorini, C., Weibull, W., Perovano, R., Mepen, M., Ferreira, E., 2008.
Radial gravitacional gliding indicated by subsalt relief and salt-related structures:
the example of the Gulf of Lions, western Mediterranean. Revista Brasileira de
Geofisica 26 (3), 347-365.

Driussi, O., Briais, A., Maillard, A., 2015. Evidence for transform motion along the South
Balearic margin and implications for the kinematics of opening of the Algerian basin.
Bulletin de la Société Géologique de France 186 (4-5), 353-370.

Droz, L., Jégou, 1., Gillet, H., Dennielou, B., Bez, M., Canals, M., Amblas, D., Lastras, G.,
Rabineau, M., 2020. On the termination of deep-sea fan channels: Examples from the
Rhone Fan (Gulf of Lion, Western Mediterranean Sea). Geomorphology 369, 107368.

Dupré, S., 2003. Integrated tectonic study of the South Gabon Margin: Insights on the
rifting style from seismic, well and gravity data analysis and numerical modelling.
Ph. D Thesis. Vrije University, Amsterdam, 125 pp.

Duval, B., Cramez, C., Jackson, M.P.A., 1992. Raft tectonics in the Kwanza basin. Angola.

Eddy, D.R., Van Avendonk, H.J., Christeson, G.L., Norton, I.O., Karner, G.D., Johnson, C.
A., Snedden, J.W., 2014. Deep crustal structure of the northeastern Gulf of Mexico:
Implications for rift evolution and seafloor spreading. J. Geophys. Res. Solid Earth
119 (9), 6802-6822.

Eddy, D.R., Van Avendonk, H.J., Christeson, G.L., Norton, 1.0., 2018. Structure and
origin of the rifted margin of the northern Gulf of Mexico. Geosphere 14 (4),
1804-1817.

Etheve, N., de Lamotte, D.F., Mohn, G., Martos, R., Roca, E., Blanpied, C., 2016.
Extensional vs contractional Cenozoic deformation in Ibiza (Balearic Promontory,
Spain): Integration in the West Mediterranean back-arc setting. Tectonophysics 682,
35-55.

Evain, M., Afilhado, A., Rigoti, C., Loureiro, A., Alves, D., Klingelhoefer, F., de Lima, M.
V., 2015. Deep structure of the Santos Basin-Sao Paulo Plateau System, SE Brazil.
J. Geophys. Res. Solid Earth 120 (8), 5401-5431.

Evans, S.L., Jackson, C.A.L., 2020. Base-salt relief controls salt-related deformation in the
Outer Kwanza Basin, offshore Angola. Basin Res. 32 (4), 668-687.

Evans, S.L., Jackson, C.A.L., 2021. Intra-salt structure and strain partitioning in layered
evaporites: implications for drilling through Messinian salt in the eastern
Mediterranean. Pet. Geosci. 27 (4) petgeo2020-072.

Faccenna, C., Piromallo, C., Crespo-Blanc, A., Jolivet, L., Rossetti, F., 2004. Lateral slab
deformation and the origin of the western Mediterranean arcs. Tectonics 23 (1).

Fort, X., Brun, J.P., 2012. Kinematics of regional salt flow in the northern Gulf of Mexico.
Geol. Soc. Lond., Spec. Publ. 363 (1), 265-287.

Fort, X., Brun, J.P., Chauvel, F., 2004. Salt tectonics on the Angolan margin,
synsedimentary deformation processes. AAPG Bull. 88 (11), 1523-1544.

Frizon de Lamotte, D., Saint Bezar, B., Bracene, R., Mercier, E., 2000. The two main steps
of the Atlas building and geodynamics of the western Mediterranean. Tectonics 19
(4), 740-761.

Funck, T., Jackson, H.R., Louden, K.E., Dehler, S.A., Wu, Y., 2004. Crustal structure of
the northern Nova Scotia rifted continental margin (eastern Canada). J. Geophys.
Res. Solid Earth 109 (B9).

Gailler, A., Klingelhoefer, F., Olivet, J.L., Aslanian, D., Sardinia-group, 2009. Crustal
structure of a young margin pair: new results across the Liguro-Provencal Basin from
wide-angle seismic tomography. Earth Planet. Sci. Lett. 236, 333-345.

Galdeano, G., Rossignol, J.C., 1977. Assemblage a altitude constante des cartes
d’anomalies magnétiques couvrant I’ensemble du bassin occidental de la
Méditerranée. Bull. Soc.Geol. Fr 19 (3), 461-468.

Garcia-Castellanos, D., Villasefior, A., 2011. Messinian salinity crisis regulated by
competing tectonics and erosion at the Gibraltar arc. Nature 480 (7377), 359-363.

Gaullier, V., 1993. Diapirisme salifere et dynamique sédimentaire dans le bassin Liguro-
Provencal. Données sismiques et modeles analogiques. These, Université de Paris,
p. 327.

Gaullier, V., Vendeville, B.C., Huguen, H., Déverchere, J., Droz, L., Domzig, A., Yelles, K.,
2006. Role of thick-skinned tectonics on thin-skinned salt tectonics in the Western
Mediterranean: A comparison between the Algerian and North-Balearic basins. In:
Geophysical Research Abstracts, Vol. 8, pp. 1029-7006.


http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0080
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0080
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0080
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0090
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0090
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0095
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0095
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0100
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0100
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0105
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0105
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0105
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0110
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0110
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0110
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0120
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0120
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0130
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0130
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0130
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0135
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0135
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0135
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0140
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0145
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0145
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0150
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0150
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0150
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0155
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0155
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0155
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0155
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0170
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0170
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0175
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0175
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0175
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0180
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0180
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0180
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0185
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0185
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0190
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0190
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0195
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0195
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0195
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0200
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0200
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0200
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0205
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0205
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0205
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0205
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0210
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0210
http://refhub.elsevier.com/S0012-8252(21)00319-6/optDPWDhtxmjD
http://refhub.elsevier.com/S0012-8252(21)00319-6/optDPWDhtxmjD
http://refhub.elsevier.com/S0012-8252(21)00319-6/optDPWDhtxmjD
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0215
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0215
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0215
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0220
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0220
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0220
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0225
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0225
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0225
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0225
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0230
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0230
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0230
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0235
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0235
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0235
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0240
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0240
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0240
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0245
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0245
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0245
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0245
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0250
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0250
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0250
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0255
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0255
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0255
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0260
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0260
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0260
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0265
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0270
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0270
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0270
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0270
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0275
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0275
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0275
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0280
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0280
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0280
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0280
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0285
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0285
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0285
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0290
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0290
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0295
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0295
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0295
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0300
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0300
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0305
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0305
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0310
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0310
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0315
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0315
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0315
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0320
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0320
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0320
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0325
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0325
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0325
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0330
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0330
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0330
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0335
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0335
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0340
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0340
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0340
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0345
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0345
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0345
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0345

M. Bellucci et al.

Gaullier, V., Chanier, F., Lymer, G., Vendeville, B.C., Thinon, I., Lofi, J., Sage, F.,
Loncke, L., 2014. Salt tectonics and crustal tectonics along the Eastern Sardinian
margin, Western Tyrrhenian: New insights from the “METYSS 17 cruise.
Tectonophysics 615-616, 69-84.

Gaullier, V., Loncke, L., Vendeville, B., Déverchere, J., Droz, L., Obone Zue Obane, E.M.,
Mascle, J., 2008. Salt tectonics in the deep Mediterranean: indirect clues for
understanding the Messinian Salinity Crisis. In: CIESM Workshop Monographs, Vol.
33, pp. 91-96.

Gaullier, V., Vendeville, B.C., Sage, F., Droz, L., 2012. Birth and rise of distal salt diapirs
in the western Mediterranean: a two-step scenario. In: AGU Fall Meeting Abstracts.

Ge, H., Jackson, M.P., Vendeville, B.C., 1997. Kinematics and dynamics of salt tectonics
driven by progradation. AAPG Bull. 81 (3), 398-423.

Ge, Z., Warsitzka, M., Rosenau, M., Gawthorpe, R.L., 2019. Progressive tilting of salt-
bearing continental margins controls thin-skinned deformation. Geology 47 (12),
1122-1126.

Geletti, R., Zgur, F., Del Ben, A., Buriola, F., Fais, S., Fedi, M., Forte, E., Mocnik, A.,
Paoletti, V., Pipan, M., Ramella, R., Romeo, R., Romi, A., 2014. The Messinian
Salinity Crisis: new seismic evidence in the West-Sardinian Margin and Eastern
Sardo-Provengal Basin (West Mediterranean Sea). Mar. Geol. 351, 76-90.

Georgen, J.E., Lin, J., 2003. Plume-transform interactions at ultra-slow spreading ridges:
Implications for the Southwest Indian Ridge. Geochem. Geophys. Geosyst. 4 (9).
Géry, B., 1981. Definition d'une série type de 1'Oligo-Miocene Kabyle. Antennapes dans

le Djebel Aissa-Mimoun. Grand Kabylie, Algérie.

Gorini, C., 1993. Géodynamique d’une marge passive: le Golfe du Lion (Méditerranée
occidentale) (Doctoral dissertation).

Gorini, C., Montadert, L., Rabineau, M., 2015. New imaging of the salinity crisis: Dual
Messinian lowstand megasequences recorded in the deep basin of both the eastern
and western Mediterranean. Mar. Pet. Geol. 66, 278-294.

Goutorbe, B., Lucazeau, F., Bonneville, A., 2008a. The thermal regime of South African
continental margins. Earth Planet. Sci. Lett. 267, 256-265. https://doi.org/10.1016/
j-epsl.2007.11.044.

Goutorbe, B., Lucazeau, F., Bonneville, A., 2008b. Surface heat flow and the mantle
contribution on the margins of Australia. Geochem. Geophys. Geosyst. 9 (5),
QO05011. https://doi.org/10.1029/2007GC001924, 15 May 2008.

Goutorbe, B., Poort, J., Lucazeau, F., Raillard, S., 2011. Global heat flow trends resolved
from multiple geological and geophysical proxies. Geophys. J. Int. 187 (3),
1405-1419. https://doi.org/10.1111/j.1365-246X.2011.05228.x.

Govers, R., Wortel, M.J.R., 2005. Lithosphere tearing at STEP faults: Response to edges of
subduction zones. Earth Planet. Sci. Lett. 236 (1-2), 505-523.

Granado, Pablo, et al., 2016. Geodynamical framework and hydrocarbon plays of a salt
giant: the NW Mediterranean Basin. Pet. Geosci. 22 (4), 309-321.

Gueguen, E., Doglioni, C., Fernandez, M., 1998. On the post-25 Ma geodynamic
evolution of the western Mediterranean. Tectonophysics 298 (1-3), 259-269.

Guerra, M.C., Underhill, J.R., 2012. Role of halokinesis in controlling structural styles
and sediment dispersal in the Santos Basin, offshore Brazil. Geol. Soc. Lond., Spec.
Publ. 363 (1), 175-206.

Gvirtzman, Z., Reshef, M., Buch-Leviatan, O., Ben-Avraham, Z., 2013. Intense salt
deformation in the Levant Basin in the middle of the Messinian Salinity Crisis. Earth
Planet. Sci. Lett. 379, 108-119.

Haddou, J., Tari, G., 2007. Subsalt exploration potential of the Moroccan salt basin.
Lead. Edge 26 (11), 1454-1460.

Hafid, M., 2000. Triassic—early Liassic extensional systems and their Tertiary inversion,
Essaouira Basin (Morocco). Mar. Pet. Geol. 17 (3), 409-429.

Hamai, L., Petit, C., Abtout, A., Yelles-Chaouche, A., Déverchere, J., 2015. Flexural
behaviour of the north Algerian margin and tectonic implications. Geophys. J. Int.
201 (3), 1426-1436.

Hagq, B., Gorini, C., Baur, J., Moneron, J., Rubino, J.L., 2020. Deep Mediterranean’s
Messinian evaporite giant: How much salt? Glob. Planet. Chang. 184, 103052.
Hinz, K., Dostmann, H., Fritsch, J., 1982. The continental margin of Morocco: seismic
sequences, structural elements and geological development. In: In Geology of the

Northwest African continental margin (pp. 34-60). Springer, Berlin, Heidelberg.

Holbrook, S.W., Mooney, W.D., Christensen, N.I., 1992. The seismic velocity structure of
the deep continental crust. Continen. Lower Crust 23, 1-43.

Holik, J.S., Rabinowitz, P.D., Austin Jr., J.A., 1991. Effects of Canary hotspot volcanism
on structure of oceanic crust off Morocco. J. Geophys. Res. Solid Earth 96 (B7),
12039-12067.

Hsii, K.J., Ryan, W.B., Cita, M.B., 1973. Late Miocene desiccation of the Mediterranean.
Nature 242 (5395), 240-244.

Hudec, M.R., Jackson, M.P., 2004. Regional restoration across the Kwanza Basin, Angola:
Salt tectonics triggered by repeated uplift of a metastable passive margin. AAPG Bull.
88 (7), 971-990.

Hudec, M.R., Jackson, M.P., 2006. Advance of allochthonous salt sheets in passive
margins and orogens. AAPG Bull. 90 (10), 1535-1564.

Hudec, M.R., Jackson, M.P., 2007. Terra infirma: Understanding salt tectonics. Earth Sci.
Rev. 82 (1-2), 1-28.

Hudec, M.R., Peel, F.J., 2019. A critical review of models for deposition of the Louann
Salt, and Implications for Gulf of Mexico evolution. In: Abstract. GCSSEPM, p. 2019.

Hudec, M.R., Norton, 1.0., Jackson, M.P., Peel, F.J., 2013a. Jurassic evolution of the Gulf
of Mexico salt basin. Gulf of Mexico Jurassic Evolution. AAPG Bull. 97 (10),
1683-1710.

Hudec, M.R., Jackson, M.P., Peel, F.J., 2013b. Influence of deep Louann structure on the
evolution of the northern Gulf of Mexico. Gulf of Mexico Salt Influence. AAPG Bull.
97 (10), 1711-1735.

Huerta, A.D., Harry, D.L., 2012. Wilson cycles, tectonic inheritance, and rifting of the
North American Gulf of Mexico continental margin. Geosphere 8 (2), 374-385.

19

Earth-Science Reviews 222 (2021) 103818

Huismans, R., Beaumont, C., 2011. Depth-dependent extension, two-stage breakup and
cratonic underplating at rifted margins. Nature 473 (7345), 74-78.

Huismans, R.S., Beaumont, C., 2014. Rifted continental margins: The case for depth-
dependent extension. Earth Planet. Sci. Lett. 407, 148-162.

Imbert, P., Philippe, Y., 2005. The Mesozoic opening of the Gulf of Mexico: Part 2.
Integrating seismic and magnetic data into a general opening model. In: Transactions
of the 25th Annual GCSSEPM Research Conference: Petroleum systems of divergent
continental margins. SEPM, Tulsa, Okla, pp. 1151-1189.

Ings, S.J., Shimeld, J.W., 2006. A new conceptual model for the structural evolution of a
regional salt detachment on the northeast Scotian margin, offshore eastern Canada.
AAPG Bull. 90 (9), 1407-1423.

Ismael, M., 2014. Tectonostratigraphic Stages in the Mesozoic Opening and Subsidence
of the Gulf of Mexico Based on Deep-Penetration Seismic Reflection Data in the Salt-
Free Eastern Part of the Basin (Doctoral dissertation).

Jackson, M.P.A., Cramez, C., 1989. Seismic recognition of salt welds in salt tectonics
regimes. In: Gulf of Mexico salt tectonics, associated processes and exploration
potential: Gulf Coast Section SEPM Foundation 10th Annual Research Conference,
pp. 66-71.

Jackson, M.P.A., Hudec, M.R., 2017. Salt tectonics: Principles and practice. Cambridge
University Press.

Jackson, M.P., Talbot, C.J., 1986. External shapes, strain rates, and dynamics of salt
structures. Geol. Soc. Am. Bull. 97 (3), 305-323.

Jackson, M.P.A,, Talbot, C.J., 1992. A glossary of salt tectonics. In: Geological Circular-
Bureau of Economic Geology. University of Texas at Austin, p. 91.

Jackson, M.P., Vendeville, B.C., Schultz-Ela, D.D., 1994. Structural dynamics of salt
systems. Annu. Rev. Earth Planet. Sci. 22 (1), 93-117.

Jackson, C.A.L., Jackson, M.P., Hudec, M.R., 2015. Understanding the kinematics of salt-
bearing passive margins: A critical test of competing hypotheses for the origin of the
Albian Gap, Santos Basin, offshore Brazil. Bulletin 127 (11-12), 1730-1751.

Jolivet, L., Faccenna, C., 2000. Mediterranean extension and the Africa-Eurasia collision.
Tectonics 19 (6), 1095-1106.

Jolivet, L., Gorini, C., Smit, J., Leroy, S., 2015. Continental breakup and the dynamics of
rifting in back-arc basins: The Gulf of Lion margin. Tectonics 34 (4), 662-679.
Karner, G.D., Gamboa, L.A.P., 2007. Timing and origin of the South Atlantic pre-salt sag

basins and their capping evaporites. Geol. Soc. Lond., Spec. Publ. 285 (1), 15-35.

Karner, G.D., Shillington, D.J., 2005. Basalt sills of the U reflector, Newfoundland Basin:
A serendipitous dating technique. Geology 33 (12), 985-988.

Keen, C.E., Potter, D.P., 1995. Formation and evolution of the Nova Scotian rifted
margin: Evidence from deep seismic reflection data. Tectonics 14 (4), 918-932.

Kherroubi, A., Déverchere, J., Yelles, A., De Lépinay, B.M., Domzig, A., Cattaneo, A.,
Bracene, R., Gaullier, V., Graindorge, D., 2009. Recent and active deformation
pattern off the easternmost Algerian margin, Western Mediterranean Sea: New
evidence for contractional tectonic reactivation. Mar. Geol. 261 (1-4), 17-32.

King, S., Anderson, D., 1998. Edge-driven convection, Earth Planet. Sci. Lett. 160,
289-296.

Klingelhoefer, F., Biari, Y., Sahabi, M., Schabel, M., Matias, L., Benabdellouahead, M.,
Funck, T., Gutscher, M.-A., Reichert, C., Austin, J.A., 2016. Crustal structure
variations along the NW-African continental margin: a comparison of new and
existing models from wide-angle and reflection seismic data. Tectonophysics 674,
227-252.

Klingelhoefer, F., Evain, M., Afilhado, A., Rigoti, C., Loureiro, A., Alves, D., Leprétre, A.,
Moulin, M., Schnurle, P., Benabdellouahed, M., Baltzer, A., Rabineau, M., Feld, A.,
Viana, A., Aslanian, D., 2014. Imaging proto-oceanic crust off the Brazilian
Continental Margin. Geophys. J. Int. 200 (1), 471-488.

Kneller, E.A., Johnson, C.A., 2011. Plate kinematics of the Gulf of Mexico based on
integrated observations from the Central and South Atlantic.

Krézsek, C., Adam, J., Grujic, D., 2007. Mechanics of fault and expulsion rollover systems
developed on passive margins detached on salt: insights from analogue modelling
and optical strain monitoring. Geol. Soc. Lond., Spec. Publ. 292 (1), 103-121.

Krijgsman, W., Hilgen, F.J., Raffi, I, Sierro, F.J., Wilson, D.S., 1999. Chronology, causes
and progression of the Messinian salinity crisis. Nature 400 (6745), 652-655.

Kukla, P.A., Strozyk, F., Mohriak, W.U., 2018. South Atlantic salt basins-witnesses of
complex passive margin evolution. Gondwana Res. 53, 41-57.

Kumar, N., Danforth, A., Nuttall, P., Helwig, J., Bird, D.E., Venkatraman, S., 2013. From
oceanic crust to exhumed mantle: A 40 year (1970-2010) perspective on the nature
of crust under the Santos Basin, SE Brazil. Geol. Soc. Lond., Spec. Publ. 369 (1),
147-165.

Labails, C., Olivet, J.L., Dakhla Study Group, 2009. Crustal structure of the SW Moroccan
margin from wide-angle and reflection seismic data (the Dakhla experiment). Part
B—The tectonic heritage. Tectonophysics 468 (1-4), 83-97.

Le Cann, C., 1987. Le diapirisme dans le bassin liguro-provencal (Méditerranée
occidentale): relations avec la sédimentation et la tectonique: conséquences
géodynamiques (Doctoral dissertation, Université de Bretagne occidentale).

Le Douaran, S., Burrus, J., Avedik, F., 1984. Deep structure of the north-western
Mediterranean basin: results of a two-ship seismic survey. Mar. Geol. 55 (3-4),
325-345.

Leffondré, P., Déverchere, J., Medaouri, M., Klingelhoefer, F., Graindorge, D., Arab, M.,
2021. Ongoing inversion of a passive margin: Spatial variability of strain markers
along the Algerian margin and basin (Mediterranean Sea) and seismotectonic
implications. Front. Earth Sci. 9.

Lentini, M.R., Fraser, S.I., Sumner, H.S., Davies, R.J., 2010. Geodynamics of the central
South Atlantic conjugate margins: implications for hydrocarbon potential. Pet.
Geosci. 16 (3), 217-229.

Leprétre, A., 2012. Contraintes par imagerie sismique pénétrante sur 1’évolution d’une
marge Cénozoique réactivée en compression (cas de la marge algérienne, secteur de
Tipaza). Doctoral dissertation, Brest.


http://refhub.elsevier.com/S0012-8252(21)00319-6/opt7oI0BEASEb
http://refhub.elsevier.com/S0012-8252(21)00319-6/opt7oI0BEASEb
http://refhub.elsevier.com/S0012-8252(21)00319-6/opt7oI0BEASEb
http://refhub.elsevier.com/S0012-8252(21)00319-6/opt7oI0BEASEb
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0350
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0350
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0350
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0350
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0355
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0355
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0360
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0360
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0365
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0365
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0365
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0370
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0370
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0370
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0370
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0375
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0375
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0380
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0380
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0385
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0385
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0390
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0390
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0390
https://doi.org/10.1016/j.epsl.2007.11.044
https://doi.org/10.1016/j.epsl.2007.11.044
https://doi.org/10.1029/2007GC001924
https://doi.org/10.1111/j.1365-246X.2011.05228.x
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0410
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0410
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0415
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0415
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0420
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0420
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0425
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0425
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0425
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0430
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0430
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0430
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0435
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0435
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0440
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0440
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0445
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0445
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0445
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0450
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0450
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0455
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0455
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0455
http://refhub.elsevier.com/S0012-8252(21)00319-6/optCxMBKHGz10
http://refhub.elsevier.com/S0012-8252(21)00319-6/optCxMBKHGz10
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0460
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0460
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0460
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0465
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0465
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0470
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0470
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0470
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0475
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0475
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0480
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0480
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0485
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0485
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0490
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0490
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0490
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0495
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0495
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0495
http://refhub.elsevier.com/S0012-8252(21)00319-6/optiCj8Wpsz64
http://refhub.elsevier.com/S0012-8252(21)00319-6/optiCj8Wpsz64
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0500
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0500
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0505
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0505
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0510
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0510
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0510
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0510
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0515
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0515
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0515
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0520
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0520
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0520
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0525
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0525
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0525
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0525
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0530
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0530
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0535
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0535
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0540
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0540
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0545
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0545
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0555
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0555
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0555
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0560
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0560
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0565
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0565
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0570
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0570
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0575
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0575
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0585
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0585
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0590
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0590
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0590
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0590
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0595
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0595
http://refhub.elsevier.com/S0012-8252(21)00319-6/optNMxfqM13Dk
http://refhub.elsevier.com/S0012-8252(21)00319-6/optNMxfqM13Dk
http://refhub.elsevier.com/S0012-8252(21)00319-6/optNMxfqM13Dk
http://refhub.elsevier.com/S0012-8252(21)00319-6/optNMxfqM13Dk
http://refhub.elsevier.com/S0012-8252(21)00319-6/optNMxfqM13Dk
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0600
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0600
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0600
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0600
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0605
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0605
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0610
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0610
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0610
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0615
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0615
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0620
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0620
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0625
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0625
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0625
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0625
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0630
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0630
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0630
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0635
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0635
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0635
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0640
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0640
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0640
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0645
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0645
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0645
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0645
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0650
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0650
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0650
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0655
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0655
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0655

M. Bellucci et al.

Leprétre, A., Klingelhoefer, F., Graindorge, D., Schnurle, P., Beslier, M.O., Yelles, K.,
Déverchere, J., Bracene, R., 2013. Multiphased tectonic evolution of the Central
Algerian margin from combined wide-angle and reflection seismic data off Tipaza,
Algeria. J. Geophys. Res. Solid Earth 118 (8), 3899-3916.

Leprétre, R., de Lamotte, D.F., Combier, V., Gimeno-Vives, O., Mohn, G., Eschard, R.,
2018. The Tell-Rif orogenic system (Morocco, Algeria, Tunisia) and the structural
heritage of the southern Tethys margin.

Leroux, E., 2012. Quantification des flux sédimentaires et de la subsidence du bassin
Provencal. Doctoral Dissertation, Brest.

Leroux, E., Aslanian, D., Rabineau, M., Moulin, M., Granjeon, D., Gorini, C., Droz, L.,
2015. Sedimentary markers in the Provencal Basin (western Mediterranean): a
window into deep geodynamic processes. Terra Nova 27 (2), 122-129.

Leroux, E., Rabineau, M., Aslanian, D., Gorini, C., Molliex, S., Bache, F., Robin, C.,
Droz, L., Moulin, M., Poort, J., Rubino, J.L., Suc, J.P., 2017. High-resolution
evolution of terrigenous sediment yields in the Provence Basin during the last 6 Ma:
relation with climate and tectonics. Basin Res. 29 (3), 305-339.

Leroux, E., Aslanian, D., Rabineau, M., Gorini, C., Rubino, J.-L., Poort, J., Suc, J.-P.,
Bache, F., Blanpied, C., et al., 2019. Atlas of the stratigraphic markers in the western
mediterranean with focus on the Messinian, Pliocene and Pleistocene of the Gulf of
Lion. In: CGMW (Commision for the Geological Map of the World) editor, 73p + CD.

Leroux, E., Rabineau, M., Aslanian, D., Granjeon, D., Droz, L., Gorini, C., 2014.
Stratigraphic simulations of the shelf of the Gulf of Lions: testing subsidence rates
and sea-level curves during the Pliocene and Quaternary. Terra Nova 26 (3),
230-238.

Leroy, S., Lucazeau, F., d’Acremont, E., Watremez, L., Autin, J., Rouzo, S., Bellahsen, N.,
Tiberi, C., Ebinger, C., Beslier, M.O., Perrot, J., Razin, P., Rolandone, F., Sloan, H.,
Stuart, G., Lazki, A.A., Al-Toubi, K., Bache, F., Bonneville, A., Goutorbe, B.,
Huchon, P., Unterneher, P., Khanbari, K., 2010. Contrasted styles of rifting in the
eastern Gulf of Aden: A combined wide-angle, multichannel seismic, and heat flow
survey. Geochem. Geophys. Geosyst. 11 (7).

Letouzey, J.L.B.C., Colletta, B., Vially, R.A., Chermette, J.C., 1995. Evolution of Salt-
Related Structures in Compressional Settings.

Li, S.Y., Urai, J.L., 2016. Rheology of rock salt for salt tectonics modeling. Pet. Sci. 13 (4),
712-724.

Liu, M., Filina, 1., Mann, P., 2019. Crustal structure of Mesozoic rifting in the
northeastern Gulf of Mexico from integration of seismic and potential fields data.
Interpretation 7 (4), T857-T867.

Lofi, J., 2018. Seismic Atlas of the Messinian Salinity Crisis markers in the Mediterranean
Sea, Volume 2 Vol. 181. Société Géologique de France, pp. 1-72.

Lofi, J., Déverchere, J., Gaullier, V., Gillet, H., Gorini, C., Guennoc, P., Loncke, L.,
Maillard, A., Sage, F., Thinon, 1., 2011. Seismic atlas of the “messinian salinity crisis”
markers in the mediterranean and black seas. Comm. Geol. Map World Mem. SoC.
Géol. de France, Nouvelle Ser 72.

Louden, K., Wu, Y., Tari, G., 2013. Systematic variations in basement morphology and
rifting geometry along the Nova Scotia and Morocco conjugate margins. Geol. Soc.
Lond., Spec. Publ. 369 (1), 267-287.

Loureiro, A., Schniirle, P., Klingelhoefer, F., Afilhado, A., Pinheiro, J., Evain, M.,
Gallais, F., Dias, N.A., Rabineau, M., Baltzer, A., Benabdellouahed, M., Soares, J.,
Fuck, R., Cupertino, J.A., Viana, A., Matias, L., Moulin, M., Aslanian, D., 2018.
Imaging exhumed lower continental crust in the distal Jequitinhonha basin, Brazil.
J. S. Am. Earth Sci. 84, 351-372.

Lucazeau, F., Leroy, S., Bonneville, A., Goutorbe, B., Rolandone, F., d’Acremont, E., Al-
Toubi, K., 2008. Persistent thermal activity at the Eastern Gulf of Aden after
continental breakup. Nat. Geosci. 1 (12), 854-858.

Lucazeau, F., Leroy, S., Autin, J., Bonneville, A., Goutorbe, B., Watremez, L.,
d’Acremont, E., Dusunur, D., Rolandone, F., Huchon, P., Bellahsen, N., Tuchais, P.,
20009. Post-Rift volcanism and high heat-flow at the ocean-continent transition of the
eastern Gulf of Aden. Terra Nova 21 (4), 285-292.

Lucazeau, F., Leroy, S., Rolandone, F., d’Acremont, E., Watremez, L., Bonneville, A.,
Goutorbe, B., Diisiinur, D., 2010. Heat-flow and hydrothermal circulation at the
ocean—continent transition of the eastern gulf of Aden. Earth Planet. Sci. Lett. 295 (3-
4), 554-570.

Magee, C., Pichel, L.M., Madden-Nadeau, A., Jackson, C.A.L., Mohriak, W., 2020. Salt-
magma interactions influence intrusion distribution and salt tectonics in the Santos
Basin, offshore Brazil.

Maillard, A., Mauffret, A., 2013. Structure and present-day compression in the offshore
area between Alicante and Ibiza Island (Eastern Iberian Margin). Tectonophysics
591, 116-130.

Maillard, A., Gaullier, V., Vendeville, B.C., Odonne, F., 2003. Influence of differential
compaction above basement steps on salt tectonics in the Ligurian-Provencal Basin,
northwest Mediterranean. Mar. Pet. Geol. 20 (1), 13-27.

Malinverno, A., Ryan, W.B., 1986. Extension in the Tyrrhenian Sea and shortening in the
Apennines as result of arc migration driven by sinking of the lithosphere. Tectonics 5
(2), 227-245.

Marketos, G., Spiers, C.J., Govers, R., 2016. Impact of rock salt creep law choice on
subsidence calculations for hydrocarbon reservoirs overlain by evaporite caprocks.
J. Geophys. Res. Solid Earth 121 (6), 4249-4267.

Marton, L.G., Tari, G.C., Lehmann, C.T., 2000. Evolution of the Angolan passive margin,
West Africa, with emphasis on post-salt structural styles. Geophys. Monogr. Am.
Geophysical Union 115, 129-150.

Mauffret, A., Frizon de Lamotte, D., Lallemant, S., Gorini, C., Maillard, A., 2004. E-W
opening of the Algerian Basin (western Mediterranean). Terra Nova 16 (5), 257-264.

Medaouri, M., Déverchere, J., Graindorge, D., Bracene, R., Badji, R., Ouabadi, A., Yelles-
Chaouche, K., Bendiab, F., 2014. The transition from Alboran to Algerian basins
(Western Mediterranean Sea): chronostratigraphy, deep crustal structure and

20

Earth-Science Reviews 222 (2021) 103818

tectonic evolution at the rear of a narrow slab rollback system. J. Geodyn. 77,
186-205.

Mianaekere, V., Adam, J., 2020. ‘Halo-kinematic’sequence stratigraphic analysis
adjacent to salt diapirs in the deepwater contractional province, Liguro-Provencal
Basin, Western Mediterranean Sea. Mar. Pet. Geol. 115, 104258.

Mickus, K., Stern, R.J., Keller, G.R., Anthony, E.Y., 2009. Potential field evidence for a
volcanic rifted margin along the Texas Gulf Coast. Geology 37 (5), 387-390.

Mihoubi, A., Schniirle, P., Benaissa, Z., Badsi, M., Bracene, R., Djelit, H., Geli, L., Sage, F.,
Agoudjil, A., Klingelhoefer, F., 2014. Seismic imaging of the eastern Algerian margin
off Jijel: integrating wide-angle seismic modelling and multichannel seismic pre-
stack depth migration. Geophys. J. Int. 198 (3), 1486-1503.

Modica, C.J., Brush, E.R., 2004. Postrift sequence stratigraphy, paleogeography, and fill
history of the deep-water Santos Basin, offshore southeast Brazil. AAPG Bull. 88 (7),
923-945.

Mohriak, W.U., 2001. Salt tectonics, volcanic centres, fracture zones and their
relationship with the origin and evolution of the South Atlantic Ocean: geophysical
evidence in the Brazilian and West African margins. In: 7th International Congress of
the Brazilian Geophysical Society, Salvador, Bahia, Brazil, Vol. 28, p. 31.

Mohriak, W., Nemcok, M., Enciso, G., 2008. South Atlantic divergent margin evolution:
rift-border uplift and salt tectonics in the basins of SE Brazil. Geol. Soc. Lond., Spec.
Publ. 294 (1), 365-398.

Mohriak, W., Szatmari, P., Anjos, S.M.C., 2009. Sal: Geologia e Tectonica; Exemplos nas
Bacias Brasileiras. Terrae Didatica 4 (1), 90-91.

Mohriak, W.U., Szatmari, P., Anjos, S., 2012. Salt: geology and tectonics of selected
Brazilian basins in their global context. Geol. Soc. Lond., Spec. Publ. 363 (1),
131-158.

Montadert, L., Sancho, J., Fail, J.P., Debyser, J., Winnock, E., 1970. De I’age tertiaire de
la série salifere responsable des structures diapiriques en Méditerranée Occidentale
(Nord-Est des Baléares). CRAS 271, 812-815.

Moulin, M., Aslanian, D., Olivet, J.L., Contrucci, 1., Matias, L., Géli, L., Klingelhoefer, F.,
Nouzé, H., Réhault, J.P., Unternehr, P., 2005. Geological constraints on the
evolution of the Angolan margin based on reflection and refraction seismic data
(ZaiAngo project). Geophys. J. Int. 162 (3), 793-810.

Moulin, M., Aslanian, D., Rabineau, M., Patriat, M., Matias, L., 2012. Kinematic keys of
the Santos-Namibe basins, in Conjugate Divergent Margins. In: Mohriak, W.U., et al.
(Eds.), Spec. Publ, vol. 369. Geol. Soc., London.

Moulin, M., Klingelhoefer, F., Afilhado, A., Aslanian, D., Schnurle, P., Nouzé, H., Feld, A.,
2015. Deep crustal structure across a young passive margin from wide-angle and
reflection seismic data (The SARDINIA Experiment)-1. Gulf of Lion margin. Bulletin
de la Société Géologique de France 186 (4-5), 309-330.

Moulin, M., Aslanian, D., Evain, M., Lepretre, A., Schnurle, P., Verrier, F., Thompson, J.,
De Clarens, P., Leroy, S., Dias, N., PAMELA-MOZ35 Team, 2020. Gondwana
breakup: messages from the North Natal Valley. Terra Nova 32 (3), 205-214.

Neumaier, M., Back, S., Littke, R., Kukla, P.A., Schnabel, M., Reichert, C., 2016. Late
Cretaceous to Cenozoic geodynamic evolution of the Atlantic margin offshore
Essaouira (Morocco). Basin Res. 28 (5), 712-730.

Obone-Zue-Obame, E.M., Gaullier, V., Sage, F., Maillard, A., Lofi, J., Vendeville, B.,
Thinon, 1., Rehault, J.P., 2011. The sedimentary markers of the Messinian salinity
crisis and their relation with salt tectonics on the Provencal margin (western
Mediterranean): results from the “MAURESC” cruise. Bulletin de la Société
Géologique de France 182 (2), 181-196.

Olivet, J.L., 1996. La cinématique de la plaque ibérique. Bull. Centres Rech. Explor. Prod.
Elf-Aquitaine 20 (1), 131-195.

Pascal, G.P., Mauffret, A., Patriat, P., 1993. The ocean-continent boundary in the Gulf of
Lion from analysis of expanding spread profiles and gravity modelling. Geophys. J.
Int. 113 (3), 701-726.

Pautot, G., Le Cann, C., Coutelle, A., Mart, Y., 1984. Morphology and extension of the
evaporitic structures of the Liguro-Provencal Basin: New Sea-Beam data. Mar. Geol.
55 (3-4), 387-409.

Peach, C.J., Spiers, C.J., Trimby, P.W., 2001. Effect of confining pressure on dilatation,
recrystallization, and flow of rock salt at 150 C. J. Geophys. Res. Solid Earth 106
(B7), 13315-13328.

Peel, Frank J., 2014. How do salt withdrawal minibasins form? Insights from forward
modelling, and implications for hydrocarbon migration. Tectonophysics 630,
222-235.

Peel, F.J., Travis, C.J., Hossack, J.R., 1995. Genetic structural provinces and salt
tectonics of the Cenozoic offshore US Gulf of Mexico: A preliminary analysis.

Pellen, R., Aslanian, D., Rabineau, M., Leroux, E., Gorini, C., Silenziario, C., Blanpied, C.,
Rubino, J.L., 2016. The Minorca Basin: a buffer zone between the Valencia and
Liguro-Provencal Basins (NW Mediterranean Sea). Terra Nova 28 (4), 245-256.

Péron-Pinvidic, G., Manatschal, G., 2009. The final rifting evolution at deep magma-poor
passive margins from Iberia-Newfoundland: a new point of view. Int. J. Earth Sci. 98
(7), 1581-1597.

Peron-Pinvidic, G., Manatschal, G., Osmundsen, P.T., 2013. Structural comparison of
archetypal Atlantic rifted margins: a review of observations and concepts. Mar.
Petrol. Geol. 43, 21-47.

Pichel, L.M., Jackson, C.A.L., Peel, F., Dooley, T.P., 2020. Base-salt relief controls salt-
tectonic structural style, Sao Paulo Plateau, Santos Basin, Brazil. Basin Res. 32 (3),
453-484.

Pilcher, R.S., Kilsdonk, B., Trude, J., 2011. Primary basin and their boundaries in the
deep-water northern Gulf of Mexico: Origin, trap types, and petroleum system
implications. AAPG Bull. 95 (2), 219-240.

Pindell, J.L., Graham, R., Horn, B., 2014. Rapid outer marginal collapse at the rift to drift
transition of passive margin evolution, with a Gulf of Mexico case study. Basin Res.
26 (6), 701-725.


http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0660
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0660
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0660
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0660
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0665
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0665
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0665
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0670
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0670
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0675
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0675
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0675
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0680
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0680
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0680
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0680
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0685
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0685
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0685
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0685
http://refhub.elsevier.com/S0012-8252(21)00319-6/optcKvTx6CJFq
http://refhub.elsevier.com/S0012-8252(21)00319-6/optcKvTx6CJFq
http://refhub.elsevier.com/S0012-8252(21)00319-6/optcKvTx6CJFq
http://refhub.elsevier.com/S0012-8252(21)00319-6/optcKvTx6CJFq
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0690
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0695
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0695
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0700
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0700
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0705
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0705
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0705
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0710
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0710
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0715
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0715
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0715
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0715
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0720
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0720
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0720
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0725
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0725
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0725
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0725
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0725
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0730
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0730
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0730
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0735
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0735
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0735
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0735
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0740
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0740
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0740
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0740
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0745
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0745
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0745
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0750
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0750
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0750
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0755
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0755
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0755
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0760
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0760
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0760
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0765
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0765
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0765
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0770
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0770
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0770
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0775
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0775
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0780
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0780
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0780
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0780
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0780
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0785
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0785
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0785
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0790
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0790
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0795
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0795
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0795
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0795
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0800
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0800
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0800
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0805
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0805
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0805
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0805
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0810
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0810
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0810
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0815
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0815
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0820
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0820
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0820
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0825
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0825
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0825
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0830
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0830
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0830
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0830
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0835
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0835
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0835
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0840
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0840
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0840
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0840
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0845
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0845
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0845
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0850
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0850
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0850
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0855
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0855
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0855
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0855
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0855
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0860
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0860
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0865
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0865
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0865
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0870
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0870
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0870
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0875
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0875
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0875
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0880
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0880
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0880
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0885
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0885
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0890
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0890
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0890
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0895
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0895
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0895
http://refhub.elsevier.com/S0012-8252(21)00319-6/optKm9KXNC1Jc
http://refhub.elsevier.com/S0012-8252(21)00319-6/optKm9KXNC1Jc
http://refhub.elsevier.com/S0012-8252(21)00319-6/optKm9KXNC1Jc
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0900
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0900
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0900
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0905
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0905
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0905
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0910
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0910
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0910

M. Bellucci et al.

Poort, J., Lucazeau, F., Le Gal, V., Dal Cin, M., Leroux, E., Bouzid, A., Rabineau, M.,
Palomino, D., Battani, A., Akhmanov, G.G., Ferrante, G.M., Gafurova, D.R., Bachi, S.
R., Koptev, A., Tremblin, M., Bellucci, M., Pellen, R., Camerlenghi, A., Migeon, S.,
Alonso, B., Ercilla, G., Yelles-Chaouche, A K., Khlystov, O.M., 2020. Heat flow in the
Western Mediterranean: Thermal anomalies on the margins, the seafloor and the
transfer zones. Mar. Geol. 419, 106064.

Rabineau, M., Leroux, E., Aslanian, D., Bache, F., Gorini, C., Moulin, M., Molliex, S.,
Droz, L., dos Reis, A.T., Rubino, J.L., Guillocheau, F., Olivet, J.L., 2014. Quantifying
subsidence and isostatic readjustment using sedimentary paleomarkers, example
from the Gulf of Lion. Earth Planet. Sci. Lett. 388, 353-366.

Radovich, B.J., Moon, J., Connors, C.D., Bird, D., 2007. Insights into structure and
stratigraphy of the northern Gulf of Mexico from 2D pre-stack depth migration
imaging of mega-regional onshore to deep water, long-offset seismic data.

Rehault, J.P., Boillot, G., Mauffret, A., 1985. The western Mediterranean basin. In: In
Geological evolution of the Mediterranean Basin (pp. 101-129). Springer, New York,
NY.

Roberts, M., Hollister, C., Yargerand, H., Welch, R., 2005. Regional geologic and
geophysical observations basinward of the Sigsbee Escarpment and Mississippi Fan
fold Belt, Central deep-water Gulf of Mexico. In: 25th Annual Gulf Coast Section
SEPM Foundation Bob F. Parker Research Conference, Extended Abstracts,
pp. 1190-1199.

Rodriguez, A.B., 2011. Regional structure, stratigraphy, and hydrocarbon potential of the
Mexican sector of the Gulf of Mexico.

Rosenbaum, G., Lister, G.S., Duboz, C., 2002. Reconstruction of the tectonic evolution of
the western Mediterranean since the Oligocene. J. Virtual Explor. 8, 107-130.
Rouchy, J.M., Caruso, A., 2006. The Messinian salinity crisis in the Mediterranean basin:

a reassessment of the data and an integrated scenario. Sediment. Geol. 188, 35-67.

Roure, F., Casero, P., Addoum, B., 2012. Alpine inversion of the North African margin
and delamination of its continental lithosphere. Tectonics 31 (3).

Rowan, M.G., 2014. Passive-margin salt basins: hyperextension, evaporite deposition,
and salt tectonics. Basin Res. 26 (1), 154-182.

Rowan, M.G., 2018. The South Atlantic and Gulf of Mexico salt basins: crustal thinning,
subsidence and accommodation for salt and presalt strata. Geol. Soc. Lond., Spec.
Publ. 476, SP476-6.

Rowan, M.G., Peel, F.J., Vendeville, B.C., 2004. Gravity-driven fold belts on passive
margins.

Rowan, M.G., Peel, F.J., Vendeville, B.C., Gaullier, V., 2012. Salt tectonics at passive
margins: Geology versus models-Discussion. Mar. Pet. Geol. 37 (1), 184-194.

Royden, L.H., 1993. Evolution of retreating subduction boundaries formed during
continental collision. Tectonics 12 (3), 629-638.

Sahabi, M., 2004. Evolution cinématique triasico-jurassique de I’Atlantique central:
Implications sur I’évolution géodynamique des marges homologues nord ouest
africaine et américaine.

Sahabi, M., Aslanian, D., Olivet, J.L., 2004. Un nouveau point de départ pour I'histoire de
I’Atlantique central. Compt. Rendus Geosci. 336 (12), 1041-1052.

Sawyer, D.S., Buffler, R.T., Pilger Jr., R.H., 1991. The crust under the Gulf of Mexico
Basin. In: The Gulf of Mexico Basin: Geological Society of America. The Geology of
North America, pp. 53-72.

Schettino, A., Turco, E., 2006. Plate kinematics of the Western Mediterranean region
during the Oligocene and Early Miocene. Geophys. J. Int. 166 (3), 1398-1423.
Schofield, N., Alsop, 1., Warren, J., Underhill, J.R., Lehné, R., Beer, W., Lukas, V., 2014.

Mobilizing salt: Magma-salt interactions. Geology 42 (7), 599-602.

Schultz-Ela, D.D., 2001. Excursus on gravity gliding and gravity spreading. J. Struct.
Geol. 23 (5), 725-731.

Scotchman, 1.C., Gilchrist, G., Kusznir, N.J., Roberts, A.M., Fletcher, R., 2010. The
breakup of the South Atlantic Ocean: formation of failed spreading axes and blocks
of thinned continental crust in the Santos Basin, Brazil and its consequences for
petroleum system development. In: Geological Society, London, Petroleum Geology
Conference series, Vol. 7, pp. 855-866. No. 1.

Seni, Steven J., 1992. Evolution of salt structures during burial of salt sheets on the slope,
northern Gulf of Mexico. Mar. Pet. Geol. 9 (4), 452-468.

Séranne, M., 1999. The Gulf of Lion continental margin (NW Mediterranean) revisited by
IBS: an overview. Geol. Soc. Lond., Spec. Publ. 156 (1), 15-36.

Shimeld, J., 2004, December. A comparison of salt tectonic subprovinces beneath the
Scotian Slope and Laurentian Fan. In: 24th Annual GCS-SEPM Foundation Bob F.
Perkins Research Conference, Houston, pp. 291-306.

21

Earth-Science Reviews 222 (2021) 103818

Smith, W.H., Sandwell, D.T., 1997. Global sea floor topography from satellite altimetry
and ship depth soundings. Science 277 (5334), 1956-1962.

Stephens, B.P., 2010. Basement controls on subsurface geologic patterns and near-surface
geology across the northern Gulf of Mexico: a deeper perspective on coastal
Louisiana. In American Association of Petroleum Geologists. In: Annual Conference
and Exhibition (New Orleans, Louisiana). Search and Discovery Article (No. 30129).

Strozyk, F., Back, S., Kukla, P.A., 2017. Comparison of the rift and post-rift architecture
of conjugated salt and salt-free basins offshore Brazil and Angola/Namibia, South
Atlantic. Tectonophysics 716, 204-224.

Talbot, C.J., 1978. Halokinesis and thermal convection. Nature 273 (5665), 739-741.

Tari, G., Jabour, H., 2013. Salt tectonics along the Atlantic margin of Morocco. Geol. Soc.
Lond., Spec. Publ. 369 (1), 337-353.

Tari, G., Molnar, J., Ashton, P., Hedley, R., 2000. Salt tectonics in the Atlantic margin of
Morocco. Lead. Edge 19 (10), 1074-1078.

Tari, G., Molnar, J., Ashton, P., 2003. Examples of salt tectonics from West Africa: a
comparative approach. Geol. Soc. Lond., Spec. Publ. 207 (1), 85-104.

Tari, G., Brown, D., Jabour, H., Hafid, M., Louden, K., Zizi, M., 2012. The conjugate
margins of Morocco and Nova Scotia, Canada. In: Phanerozoic Passive Margins,
Cratonic Basins Basins and Global Tectonic Maps, 285. Elsevier, Amsterdam, p. 323.

Thybo, H., Artemieva, .M., 2013. Moho and magmatic underplating in continental
lithosphere. Tectonophysics 609, 605-619.

Thybo, H., Nielsen, C.A., 2009. Magma-compensated crustal thinning in continental rift
zones. Nature 457 (7231), 873-876.

Torsvik, T.H., Rousse, S., Labails, C., Smethurst, M.A., 2009. A new scheme for the
opening of the South Atlantic Ocean and the dissection of an Aptian salt basin.
Geophys. J. Int. 177 (3), 1315-1333.

Tozer, B., Watts, A.B., Daly, M.C., 2017. Crustal structure, gravity anomalies, and
subsidence history of the Parnaiba cratonic basin, Northeast Brazil. J. Geophys. Res.
Solid Earth 122 (7), 5591-5621.

Triat, J.-M., Truc, G., 1983. Le role des failles N50 dans la sédimentation des temps Méso
et Cénozoiques et dans I’évolution tectonique du bassin du Sud-Est. Bull. Centres
Rech. Explor. Prod. Elf-Aquitaine 7 (1), 425-432.

Underhill, J.R., 2009. Role of intrusion-induced salt mobility in controlling the formation
of the enigmatic ‘Silverpit Crater’, UK Southern North Sea. Pet. Geosci. 15 (3),
197-216.

Unternehr, P., Péron-Pinvidic, G., Manatschal, G., Sutra, E., 2010. Hyper-extended crust
in the South Atlantic in search of a model.

Urai, J.L., Spiers, C.J., Zwart, H.J., Lister, G.S., 1986. Weakening of rock salt by water
during long-term creep. Nature 324 (6097), 554-557.

Urai, J.L., Schléder, Z., Spiers, C.J., Kukla, P.A., 2008. Flow and transport properties of
salt rocks. In: Dynamics of Complex Intracontinental Basins: The Central European
Basin System, pp. 277-290.

Van Avendonk, H.J., Christeson, G.L., Norton, 1.0., Eddy, D.R., 2015. Continental rifting
and sediment infill in the northwestern Gulf of Mexico. Geology 43 (7), 631-634.

Van Keken, P.E., Spiers, C.J., Van den Berg, A.P., Muyzert, E.J., 1993. The effective
viscosity of rocksalt: implementation of steady-state creep laws in numerical models
of salt diapirism. Tectonophysics 225 (4), 457-476.

Vendeville, B.C., 2005. Salt tectonics driven by sediment progradation: Part
I—Mechanics and kinematics. AAPG Bull. 89 (8), 1071-1079.

Vendeville, B.C., Ge, H., Jackson, M.P.A., 1995. Scale models of salt tectonics during
basement-involved extension. Pet. Geosci. 1 (2), 179-183.

Vergés, J., Fernandez, M., 2012. Tethys-Atlantic interaction along the Iberia—Africa plate
boundary: The Betic-Rif orogenic system. Tectonophysics 579, 144-172.

Warsitzka, M., Kley, J., Kukowski, N., 2013. Salt diapirism driven by differential
loading—Some insights from analogue modelling. Tectonophysics 591, 83-97.

Weimer, P., Bouroullec, R., Adson, J., Cossey, S.P., 2017. An overview of the petroleum
systems of the northern deep-water Gulf of Mexico. AAPG Bull. 101 (7), 941-993.

Wu, S., Vail, P.R., Cramez, C., 1990. Allochthonous salt, structure and stratigraphy of the
north-eastern Gulf of Mexico. Part I: Stratigraphy. Mar. Pet. Geol. 7 (4), 318-333.

Wu, Y., Louden, K.E., Funck, T., Jackson, H.R., Dehler, S.A., 2006. Crustal structure of
the central Nova Scotia margin off Eastern Canada. Geophys. J. Int. 166 (2),
878-906.

Zalan, P.V., Severino, M.D.C.G., Rigoti, C.A., Magnavita, L.P., Oliveira, J.A.B., Vianna, A.
R., 2011. An entirely new 3D-view of the crustal and mantle structure of a South
Atlantic passive margin-Santos, Campos and Espirito Santo basins, Brazil. In: AAPG
annual conference and Exhibition, Vol. 10, p. 13.


http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0915
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0920
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0920
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0920
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0920
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0925
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0925
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0925
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0930
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0930
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0930
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0935
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0935
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0935
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0935
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0935
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0940
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0940
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0945
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0945
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0950
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0950
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0955
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0955
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0960
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0960
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0965
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0965
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0965
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0970
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0970
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0975
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0975
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0980
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0980
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0985
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0985
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0985
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0990
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0990
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0995
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0995
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf0995
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1000
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1000
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1005
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1010
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1015
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1020
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1020
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1025
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1030
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1030
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1030
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1035
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1035
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1040
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1045
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1050
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1055
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1055
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1060
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1060
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1065
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1070
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1075
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1080
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1080
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1085
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1090
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1090
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1090
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1095
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1095
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1095
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1100
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1100
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1100
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1105
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1105
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1110
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1110
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1115
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1120
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1120
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1125
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1130
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1130
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1135
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1135
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1140
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1140
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1145
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1145
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1150
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1150
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1160
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1165
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1170
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1170
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1170
http://refhub.elsevier.com/S0012-8252(21)00319-6/rf1170

	Salt morphologies and crustal segmentation relationship: New insights from the Western Mediterranean Sea
	1 Introduction
	2 Particularity of the Western Mediterranean salt-bearing basin: a divergent closed and fossil system
	2.1 Geological framework
	2.2 Salt tectonics mechanisms

	3 Dataset and method
	3.1 Salt morphology interpretation
	3.2 Crust segmentation

	4 Western Mediterranean salt morphologies - description and distribution
	5 Crustal segmentation and nature
	6 Discussion
	6.1 Geometrical correlation between salt morphologies and crustal segmentation
	6.2 Salt morphology segmentation hypotheses
	6.3 The potential role of thermicity on salt deformation

	7 Other salt passive margins
	7.1 Salt morphologies
	7.2 Passive margins crustal segmentation

	8 Geometrical correlation between salt morphologies and crustal segmentation in other passive margins and potential explana ...
	9 Conclusion
	Contributions
	Declaration of Competing Interest
	Acknowledgements
	References


