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Abstract Evaporites have a strong impact on the structural and sedimentary evolution of
sedimentary basins and fold-and-thrust belts. They also have a thermal conductivity that can be
more important than other sedimentary rocks and are thus able to modify the thermal history
of these sedimentary basins and fold-and-thrust belts. Even though this property is known and
has been of interest for the oil and gas industry, no field examples have been studied trying to
decipher how salt rock impacts temperature distribution in fold-and-thrust belts. In this paper,
we use the Raman Spectroscopy on Carbonaceous Material (RSCM) to track the record of the
peak thermal event around three salt structures from the southern sub-Alpine fold-and-thrust
belt in SE France. These three salt structures are (1) the Astoin allochthonous salt sheet and the
associated overturned megaflap, (2) the Rocher de Hongrie and (3) the Daluis diapir. Our results
show that the resulting record of peak temperatures around the structures is different depending
on the type of salt structure and its kinematic. The Astoin structure shows that salt tectonics during
the Jurassic-Cretaceous has impacted the temperature distribution around the allochthonous salt
sheet while at Daluis and the Rocher de Hongrie, the temperatures have overprinted an already
existing salt-related structure. The impact of the salt structure on temperature distribution is
always local but the interpretation of the RSCM temperatures may systematically be difficult

without considering early salt tectonics in the structural evolution of the area.

1 Introduction

The study of mountain building processes involves
estimating the missing parts due to erosion.
A classic workflow relies on the estimate of
palaeotemperatures as a proxy for sedimentary
and/or tectonic burial, associated to an estimate
of its age. The tools often used to estimate
palaeotemperatures are maturity indicators (Raman
Spectroscopy on Carbonaceous Material - RSCM
hereafter -, vitrinite reflectance, crystallinity of illite),
fluid inclusions homogenisation temperatures,
diagenetic and metamorphic mineralogy or
isotopic equilibrium and low-temperature
thermochronological analyses. The high thermal
conductivity of salt rocks compared to surrounding
sedimentary rocks (Peterson and Lerche, 1995; Warren,
2006; Li et al., 2020) can have a local impact on the
thermal field around salt structures in sedimentary
basins (Jensen, 1983, 1990; Vizgirda et al., 1985;
Mello et al., 1995; Peterson and Lerche, 1995; Zhuo
et al., 2016; Davison and Cunha, 2017; Canova et al.,
2018; Cedefio et al., 2019; Grunnaleite and Mosbron,
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2019; Li et al., 2020). Generally, salt diapirs act as
dipoles defined by a positive thermal anomaly at
the top of the diapiric dome and a negative one
beneath its stem. The anomalous temperatures
measured in the sediments are either larger or
lower than expected depending on their location
on the flanks of the diapiric structure. The width
and amplitude of thermal anomalies depends on
the size of the structure and on their number.
The geometry and the type of salt structures also
affect the thermal regime around the structure.
For instance, a columnar salt diapir provokes
symmetrical thermal record in the surrounding
depocenters. It is asymmetrical in case the structure
is not columnar, especially if the diapir shows
a salt overhang or feeds an allochthonous salt
sheet. Mismatches between palaeotemperatures
estimated from reconstructed burial histories and
those measured are thus expected in natural
geological environments involving salt-bearing rocks.

Salt rock is known to exert a strong control on
the tectono-sedimentary evolution of sedimentary
basins through halokinetic processes and acts as
a decoupling level during both continental rifting
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and mountain building (Davis and Engelder, 1985;
Stewart et al., 1996; Stewart and Clark, 1999; Cotton
and Koyi, 2000; Withjack and Callaway, 2000; Costa
and Vendeville, 2002; Bonini, 2003; Legeay et al.,
2020). Depending on the regional tectonic regime,
they are involved in various types of salt-related
deformations including: (1) reactive salt tectonics
due to extension (Vendeville and Jackson, 1992; Nalpas
and Brun, 1993; Jackson and Vendeville, 1994, Stewart
and Clark, 1999; Dooley et al., 2005), (2) passive salt
tectonics due to differential sediment loading (Giles
and Lawton, 2002; Giles and Rowan, 2012; Peel, 2014;
Jackson and Hudec, 2017; Rowan and Giles, 2021),
(3) compressive salt tectonics in fold-and-thrust
belts (Davis and Engelder, 1985; Bonini, 2003; Brun
and Fort, 2004; Hudec and Jackson, 2006), and (4)
strike-slip salt tectonics (Sherkati and Letouzey, 2004;
Koyi et al., 2008; Camara, 2017; Alsop et al., 2018). In
compressional settings, salt tectonics influences the
evolution of fold-and-thrusts belts by constituting
vertical rheological heterogeneities (Davis and
Engelder, 1985). These are preferential sites of
shortening accommodation through squeezing,
welding and favouring the nucleation of thrusts
which will reach the shallower levels of the orogenic
wedge (Giles and Lawton, 1999; Rowan and Vendeville,
2006; Callot et al., 2007, 2012; Jackson and Hudec,
2017; Duffy et al., 2018). They also control the
distribution of folds (Callot et al.,, 2012; Fernandez
and Kaus, 2014) and can preserve the surrounding
depocenters from the deformation (e.g. Célini et al.,
2020). In salt-detached accretionary prisms resulting
from the inversion of depressed rift-related basins,
the onset of topographic uplift may be delayed
for several millions of years (Jourdon et al., 2020).
Numerous geological studies conducted in Western
Europe have highlighted the importance of salt
tectonics in the tectono-sedimentary evolution of
fold-and-thrust belts including the Betics (Flinch
et al., 1996; Berdstegui et al., 1998; Flinch and Soto,
2017; Pedrera et al., 2020), the Maestrat Basin (Vergés
et al., 2020), the Basque-Cantabrian Basin (Poprawski
et al., 2014, 2021; Ducoux et al., 2019; Cumberpatch
et al., 2021; Roca et al., 2021; Ramos et al., 2022; Miré
et al., 2023), the Spanish Pyrenees (McClay et al.,
2004; Lopez-Mir et al., 2014; Burrel and Teixell, 2021;
Hudec et al., 2021; Gannaway Dalton et al., 2022;
Kalifi et al., 2023; Pedrera et al., 2023), the French
Pyrenees (Canérot et al., 2005; Ford and Vergés, 2020;
Izquierdo-Llavall et al., 2020; Labaume and Teixell,
2020; Motte et al., 2021), the Corbiéres in southern
France (Crémades et al., 2021; Parizot et al., 2023),
the Provence fold-and-thrust belt (Bestani et al.,
2016; Espurt et al., 2019; Wicker and Ford, 2021), the
Austrian Alps (Schorn and Neubauer, 2014; Granado
et al., 2019; Strauss et al.,, 2021) and the external
French Alps (Gigot and Haccard, 1970; Emre, 1977;
Graciansky et al., 1986; Mascle et al., 1988; Dardeau
et al, 1990; Dardeau and De Graciansky, 1990;
Graham et al., 2012; Célini et al., 2020, 2021, 2022;
Brooke-Barnett et al., 2023).
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In the Western Alps, the role of Upper Triassic
evaporites is known as acting as an efficient
decollement level for thrust sheets in the Jura
(Philippe et al., 1998; Sommaruga, 1999), the
southern Vercors (Curnelle and Dubois, 1986; Philippe
et al., 1998), the Diois-Baronnies derived from the
Vocontian Domain (Baudrimont and Dubois, 1977;
Debrand-Passard et al.,, 1984) and the Digne Nappe
system (Arlhac and Rousset, 1979; Gidon et al., 1991a;
Faucher et al., 1988). In the SW Alps i.e., in the
Vocontian Domain and the Digne Nappe systems,
they are also known to have emplaced vertically
through the sedimentary succession as diapiric
structures (Goguel, 1939; Lapparent, 1940; Emre,
1977; Emre and Truc, 1978; Perthuisot and Guilhaumou,
1983; Graciansky et al., 1986; Kerckhove and Lereus,
1986; Mascle et al., 1986; Kerckhove and Lereus, 1987;
Mascle et al., 1988; Dardeau and De Graciansky, 1990;
Dardeau et al., 1990), these rocks were considered
since then as second-order, impacting only locally the
tectonics of the SW Alps. A series of recent studies
have returned to the idea of the primary importance
of salt by reinterpreting well-known structures of the
SW Alps based on the most recent knowledge in salt
tectonics (Graham et al., 2012; Célini et al., 2020, 2021,
2022; Brooke-Barnett et al., 2023; Csicsek, 2023).

A recent reconstruction of the thermal history
of the Mesozoic sediments transported in the
southern sub-Alpine fold-and-thrust belt revealed
that peak temperatures (Tmax) are inherited
from pre-orogenic extensional phases during
the Early-Middle Jurassic and Late Jurassic-Early
Cretaceous rifting phases of the Alpine Tethys rather
than due to Alpine orogeny (Célini et al., 2023). During
this pre-orogenic period, the whole passive margin
was strongly affected by salt tectonics which could
have affected, to an unknown extent, the record
of temperature. To examine how salt tectonics
could have impacted the temperature distribution
during the Jurassic-Cretaceous thinning events, we
provide 18 new RSCM Tmax in sediments sampled
around salt structures identified in the sub-Alpine
fold-and-thrust belt of the SW French Alps. Based
on recent analysis of the Western Alps structural
geology, we focus on three selected salt-related
structures in the French sub-Alpine fold-and-thrust
belt which are the Astoin diapir, the Rocher de
Hongrie and the Daluis structure (Figure 1).

2 Geological Setting

2.1 Structural Framework

The European Alps result from the collision between
Europe and Adria plates during the Late Cretaceous
and the Cenozoic following the closure of the Alpine
Tethys ocean that opened between the Early Jurassic
and Early Cretaceous (Lemoine et al., 1986; Coward
and Dietrich, 1989; de Graciansky et al., 2010; Handy
etal., 2010). Our study area is located in the external
part of the SW branch of the Alpine orogen (Figure 1;

| volume 2.1 | 2024


https://doi.org/10.55575/tektonika2024.60.1.2

TEKTONIKA | RESEARCH ARTICLE | Célini et al., Impact of Salt Tectonics on Temperature Distribution

45°

44° ’ #

.’ g
Marseille =

43°
MEDITERRANEAN |SEA
[ I I 1
0 10 20 30 40 50 km
4° 5@ 6° 7°
Caption
External units Internal units
l:l Quaternary Embruynais-Ubaye nappes A: Astoin allochthonous
Cl - Malm Upper Cretaceous - Eocenet salt sheet
Pliocene - Dogger (Helminthoids Flyschs)
[:l Miocene - Liassic - Briangonnais (flyschs units and meta- B: Rocher de Hongrie
[:' Oligo-Miocene I- Upper Triassic sediments)
- Oligocene - Middle Triassic - Internal Crystalline Massifs C: Daluis diapir
- Undiff. Eocene - Oligocene - Lower Triassic - Ophiolites
I ocene o AV: Authon-Valavoire
- Pre-Triassic basement E] Schistes Lustrés (Jur-Cret metased derived  ¢p 11t sheet
- Upper Cretaceous from oceanic domain)

- Lower Cretaceous

Adria distal margin

Figure 1 - Geological map of the SW Alps in SE France, modified from the BRGM French Geological Map at 1/1000000
(sheet South) (Chantraine et al., 1996), with the location of the three salt structures studied in this paper: A = the Astoin
allochthonous salt sheet, B = the Rocher de Hongrie and C = the Daluis diapir.

Chantraine et al., 1996), which originally constituted
the sedimentary cover of the European rifted margin
of the Alpine Tethys. The rifting responsible for the
opening of the Alpine Tethys started in the Early
Jurassic (Figure 2) (Lemoine et al., 1986; Dumont, 1988;
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Coward and Dietrich, 1989; de Graciansky et al., 1989)
and lasted until ca. 165 Ma, i.e. the Bajocian which
dates the oldest ophiolites rocks in the Western Alps
(e.g. Manatschal and Miintener, 2009). As a result
of continuous propagation of the southern North
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Figure 2 - Simplified stratigraphy of the SW Alps, from
Célini et al. (2023). Thermal events from Célini et al. (2023)
and salt tectonics phases from Célini et al. (2020, 2022).

Atlantic to the North, the European margin recorded
reactivation of the previously rifted domains during
the Late Jurassic - Early Cretaceous leading to the
opening of the Valaisan Domain (Stampfli and Borel,
2002; Liati et al., 2005; Beltrando et al., 2007; Loprieno
et al., 2011), and in the Vocontian Domain of the
SW Alps (de Graciansky and Lemoine, 1988; Hibsch
et al, 1992; Angrand and Mouthereau, 2021, see
location in Figure 1). Oceanic spreading of the
Alpine Tethys lasted until the Late Cretaceous when
the subduction of the oceanic domain began in its
eastern part, leading to the formation of the Alpine
accretionary prism (e.g. Coward and Dietrich, 1989;
Handy et al., 2010). This Alpine accretionary prism
migrated towards the N due to the convergence
between Europe and Africa (van Hinsbergen et al.,
2020; Le Breton et al., 2021). N-S directed shortening
is occasionally recorded in the external units resulting
either from (1) gravity gliding over the upper Bajocian
- mid Oxfordian Terres Noires formation (Figure 2)
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during the Cretaceous in the Dévoluy (Michard et al.,
2010), (2) early salt tectonics in the Digne Nappe
area during the Jurassic (e.g. Célini et al., 2020) or
(3) the N-S convergence between Europe and Africa
during the Late Cretaceous-Paleogene (e.g. Kley and
Voigt, 2008) which resulted in the propagation of the
Pyrenean-Provence orogen to the S of the area (e.g.
Angrand and Mouthereau, 2021) and to the N in the
Pelvoux massif (Vernet, 1966; Gidon, 1979; Ford et al.,
1999; Sue et al., 1997). From the Paleogene onwards,
the convergence between Europe and Africa lead
to two major compressional phases in the Western
Alps, the first occurring between 50 and 34 Ma
and the second one after 34 Ma (e.g. Ford et al.,
2006). The first stage represented N-NW-oriented
propagation of the Alpine accretionary prism mainly
recorded in the internal units (Dumont et al., 2011,
2012). The second stage corresponds to the onset
of collision in the SW Alps and resulted in crustal
thickening and W-SW propagation of the deformation
leading to the emplacement of the Embrunais-Ubaye
flyschs nappes (during the Eocene-Oligocene, see
location in Figure 1) and the Digne thrust system
(from the Oligocene until the Late Pliocene) (Gidon
and Pairis, 1986a, 1992; Ford et al., 2006; Kerckhove
and Thouvenot, 2010). The Digne thrust system,
which forms the SW Alps thrust front, is constituted
by three branches that are (1) the NNW-SSE main
branch, called the Digne Nappe between the western
termination of the Pelvoux crystalline massif to the
N and the Barréme syncline to the S and containing a
major thrust slice in its footwall, the Authon-Valavoire
thrust sheet (Figure 1), (2) an E-W oriented branch
called the Castellane Arc and (3) a NNW-SSE smaller
branch called the Nice Arc to the SE. The Digne
thrust system has carried a thick Mesozoic-Cenozoic
cover towards the SW-SSW over a distance of 20-25
km (Faucher et al., 1988; Fry, 1989; Gidon and Pairis,
1992; Lickorish and Ford, 1998; Apps et al., 2004). The
latest phase of thrusting of the Digne thrust system
occurred during the Mio-Pliocene in relation with the
Argentera basement block exhumation (Gidon and
Pairis, 1992; Apps et al., 2004; Bigot-Cormier et al., 2006;
Ford et al., 2006; Schwartz et al., 2017).

2.2 Stratigraphy

The main evaporite level involved in the Western Alps
building was deposited during the Carnian-Norian
(Late Triassic) prior to the onset of the Alpine
Tethys rifting (e.g. Haccard et al., 1989a). In a few
locations, the so-called Muschelkalk limestones have
deposited above a first evaporite level dated from
the early Middle Triassic (Campredon et al., 1980;
Brooke-Barnett et al., 2023). After the deposition of
the Upper Triassic evaporites, the Triassic succession
ends with the silts, limestones and dolostones from
the Rhaetian, the total thickness of which varies
between 20 and 80 m (Rousset et al., 1983; Dumont,
1984; Haccard et al., 1989a; Arnaud et al., 1977; Gidon
etal., 1991b).

The Jurassic is composed by limestones and marls
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alternations (Debrand-Passard et al., 1984) comprising
at the base the calcareous Lower Jurassic (Hettangian
- lower Pliensbachian) and the marly Lower Jurassic
(upper Pliensbachian - Toarcian) (e.g. Gidon, 1997).
The total thickness of the Lower Jurassic is highly
variable, ranging from 50 to 1500m (Gidon and Pairis,
1986b; Haccard et al., 1989a; Gidon, 1997; Célini,
2020; Célini et al., 2020). The Lower Jurassic is
overlain by the regular alternation of limestones and
marls from the Aalenian-Bajocian stages. From the
upper Bajocian to the mid-Oxfordian, the area has
recorded an important phase of subsidence allowing
the deposition of a thick black shale succession
(between 500 and 3000m): the so-called “Terres
Noires” formation (Artru, 1967, 1972; Gidon, 1971;
Baudrimont and Dubois, 1977, Gidon and Pairis,
1986b). Then, the sedimentary succession was
characterised by marls and limestones alternation
during the upper Oxfordian and the Kimmeridgian
with an increasing proportion of limestone upsection.
This is followed by the massive limestone formation
of the Tithonian which form characteristic cliffs in the
sub-Alpine landscape. The whole thickness of the
upper Oxfordian to the top Tithonian section ranges
between 150 and 600m (e.g. Baudrimont and Dubois,
1977; Debrand-Passard et al., 1984).

The Cretaceous begins with the massive limestone
from the Berriasian, passing to the marls of the
Valanginian, then to an alternation of limestones
and marls during the Hauterivian, and the massive
limestones from the Barremian (e.g. Baudrimont and
Dubois, 1977; Debrand-Passard et al.,, 1984). This
section has a total thickness comprised between
200 and 750m. These are overlain by the second
important black shales interval dated from the
Aptian-Albian, 150 to 400 meters thick. The Late
Cretaceous is globally made of an alternation of
limestones and marls, from the Cenomanian to the
Santonian, and then of massive limestones during
the Campanian-Maastrichtian, for a total thickness of
80-850 meters depending on the location and on the
amount of pre-Eocene erosion (e.g. Baudrimont and
Dubois, 1977; Debrand-Passard et al., 1984).

The only Paleocene deposits present in the area
are the so-called “Helminthoid” flyschs from the
Embrunais-Ubaye nappes (Kerckhove and Thouvenot,
2010).  Otherwise, the Paleocene represents a
general hiatus in the region, before the deposition
of the first foreland deposits during the Eocene
(Baudrimont and Dubois, 1977; Debrand-Passard et al.,
1984; Coward and Dietrich, 1989; de Graciansky
et al, 1989, 2010; Ford et al, 1999). Eocene
foreland sedimentation is generally represented by
a succession of four formations that are (1) basal
conglomerates, (2) the Nummulitic limestones, (3) the
Globigerina marls and finally (4) the upper Eocene
- lower Oligocene sandstones and conglomerates
formations of the “Gres d’Annot” and the “Grés du
Champsaur” (Debrand-Passard et al., 1984; Dardeau
and De Graciansky, 1990; Gidon, 1997; Ford et al.,
1999; Fornel et al, 2004). The remaining part
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of the Oligocene is made of fluvial sandstones
and continental red shales (Haccard et al.,, 1989b;
Crumeyrolle et al., 1991; Gidon and Pairis, 1986b;
Ford and Lickorish, 2004). In a few locations, these
formations are now transported in the Digne Nappe
and are thus in a piggy-back position (Ford et al., 1999;
Apps et al., 2004; Fornel et al., 2004). Younger foreland
deposits (Mio-Pliocene) have deposited during the
last stage of the foreland basin evolution, located
in the Valensole basin. They are made of marine
sandstones from the Aquitanian to the Tortonian
and of continental conglomerates from the upper
Miocene to the Late Pliocene (Haccard et al., 1989a;
Crumeyrolle et al., 1991).

The presence and the thickness of the different
units of the foreland succession is highly variable
depending on the location and the stratigraphic
level reached by erosion which varies laterally
along-strike the belt. In the Valensole basin, the
total thickness of the foreland deposits can locally
reach 3 km (Haccard et al., 1989a; Crumeyrolle et al.,
1991) and thermochronological data reveal that the
depocenters that are at present-day in piggy-back
positions could have reached 3 km of maximum
thickness at the front of the Digne Nappe (see Célini
et al., 2023, for synthesis).

2.3 Salt Tectonics in the SW Alps

The SW Alps have been affected by widespread salt
tectonics, related to the Upper Triassic evaporites,
during their whole history since the Early Jurassic until
the Mio-Pliocene (Graciansky et al., 1986; Kerckhove
and Lereus, 1986; Mascle et al., 1986; Dardeau and
De Graciansky, 1990; Graham et al., 2012, 2019; Célini
et al.,, 2020, 2021, 2022; Brooke-Barnett et al., 2023).
Salt motion has started during the Early Jurassic
triggered by regional extension (e.g. Célini et al., 2020).
Salt tectonics have been later maintained by the
sedimentary load through passive diapirism during
the whole Jurassic (e.g. Célini et al., 2020), and in
places during the Cretaceous (Graham and Csicsek,
2020; Célini et al., 2021; Brooke-Barnett et al., 2023)
with possible effects of renewed extension during
the later. Passive diapirism has led to the extrusion
of allochthonous salt levels in various places during
the deposition of the more shale-prone formations
either during the Middle-Late Jurassic (Graham et al.,
2012; Célini et al., 2020, 2021) or the Aptian-Albian
(Graham et al., 2019; Graham and Csicsek, 2020;
Brooke-Barnett et al., 2023). Inherited salt structures
from the Mesozoic exerted a strong structural
inheritance during orogeny by accommodating a
substantial part of the shortening and preserving
the surrounding depocenters from deformation (e.g.
Graham et al., 2012; Célini et al., 2020). Syn-orogenic
salt tectonics have also been evidenced in several
locations during the Eocene-Oligocene (Gigot and
Haccard, 1970; Graham and Csicsek, 2020; Célini
et al.,, 2021; Brooke-Barnett et al.,, 2023) and until
the Mio-Pliocene at the northern termination of the
Valensole basin (Célini et al., 2022).
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2.4 Thermal Evolution of the External
SW Alps

The thermal evolution of high-grade metamorphic
rocks of the Western Alps has been widely
investigated to quantify exhumation processes
of subducted and underplated units of the Alpine
accretionary wedge (Gebauer et al., 1997, Beyssac
et al., 2002; Carrapa et al., 2003; Di Vincenzo et al.,
2006; Gabalda et al., 2009; Angiboust et al., 2012,
2014; Lanari et al., 2012; Plunder et al., 2012; Negro
et al., 2013; Schwartz et al., 2013; Decarlis et al., 2017;
Manzotti et al., 2021; Rosenberg et al., 2021; Decrausaz
et al., 2021; Herviou et al., 2022). At the front of
the Western Alps, in lower grade external units,
thermochronology has been widely applied in the
External Crystalline massif to decipher exhumation
at upper crustal levels (Bigot-Cormier et al., 2006;
Tricart et al., 2007; Glotzbach et al, 2008, 2011;
Vernon et al., 2008; Beucher et al., 2012; Valla et al.,
2012; Schwartz et al.,, 2017; Girault et al., 2022).
Fluid inclusions were studied to apprehend the
maximum burial reached in the Vocontian Domain
(Perthuisot and Guilhaumou, 1983; Guilhaumou et al.,
1996). A few studies were focused on the estimation
of eroded syn-orogenic deposits or internal units
that have overthrusted the external units during
orogeny using thermochronology on clastic deposits
(Labaume et al., 2008; Jourdan et al., 2013; Schwartz
et al., 2017), vitrinite reflectance (Deville and Sassi,
2006) or the RSCM approach (Bellanger et al., 2015;
Boutoux et al., 2016; Girault et al., 2020; Balansa et al.,
2023). A recent study using the RSCM approach and
basin modelling evidenced a thermal inheritance
of the rifting phases highlighting that the peak
temperatures have not been overprinted during
the orogeny (Célini et al., 2023) such as proposed
in the internal units of the Maritime Alps (Decarlis
et al, 2017). The tectono-sedimentary evolution
of the external SW Alps thus reveals that RSCM
Tmax achieved by the rocks were attained during
two thermal events. The first one occurred during
the rifting events related to the Alpine Tethys and
Valaisan Domain openings, respectively during the
Early-Middle Jurassic and the Late-Jurassic Early
Cretaceous. The maximum lithospheric thinning
attained during the Early Cretaceous is responsible
for the high Tmax (250-330°C) observed in the
Jurassic rocks. The second thermal event occurred
during the Cenozoic orogeny and corresponds to
the burial of the Digne Nappe in the Alpine foreland
prior to its emplacement. This event is responsible
for the calculated Tmax of about 100-150°C recorded
in the Cretaceous and Cenozoic rocks, but it has
not overprinted those of the Jurassic rocks beneath
(Célini et al., 2023). Several observations indicate
the occurrence of an inherited rift-related thermal
event such as: (1) the temperature gap between
the Digne Nappe and the overlying NW part of the
Embrunais-Ubaye thrust sheets showing a ~100°C
temperature drop, (2) the impossibility to reproduce
the higher temperatures at the front of the Digne
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Nappe with a classical geothermal gradient of
30°C/km because they imply a 6-7 km-thick section
of syn-orogenic deposits while thermochronological
data testify for a maximum thickness of 3 km for
syn-orogenic strata at the front of the nappe (Jourdan
et al., 2013; Schwartz et al., 2017), (3) the presence of
two temperature trends along vertical sections with
a 50-100°C shift between the two trends requiring
the development of two geothermal gradients (Célini
etal., 2023).

3 Salt Structures in the
Sub-Alpine Fold-and-Thrust Belt

3.1 The Astoin Allochthonous Salt Sheet
and the Overturned Megaflap

The Astoin diapiric complex (Figure 3) is located in
the Authon-Valavoire thrust sheet and presents a
complex structure that strongly varies laterally (Célini
et al, 2020, 2021). Diapiric activity has started
during the Early Jurassic rifting, which triggered
reactive diapirism as testified by the major growth
strata observed during the Sinemurian (Figure 3C)
(Célini et al., 2020). In places, the great thickness
of the original evaporite mother layer favoured
passive diapirism coeval with the rifting, such as
at the location of the Astoin megaflap. Later, the
diapirism continued through passive diapirism, the
deposits were not able to cover the whole diapir
allowing in places the inflation of the salt structure
and the progressive overturning of the diapir flank
associated to salt extrusion at the seafloor during
the Bajocian, in the eastern part of the diapiric
complex forming an overturned megaflap (Figure 3)
(Célini et al., 2020, 2021). Locally, the diapir has
preserved pieces of carapace such as the Grande
Gautiére (Figure 3A) (Célini et al., 2020, 2021). The
development of the allochthonous salt sheet took
place until the Aptian-Albian (Célini et al., 2021), just
after the main thermal event affecting the Jurassic
and Lower Cretaceous strata in the external SW Alps
(Célini et al., 2023). Here we focus on the thermal
evolution of the Astoin diapiric complex in its eastern
part at the location of the overturned megaflap.

3.2 The Rocher de Hongrie Megaflap

The Rocher de Hongrie is a structure located in
the easternmost part of the Vocontian basin, in
the footwall of the Authon-Valavoire thrust sheet
(Figure 4A). It consists of a NW-SE-oriented panel of
Lower Jurassic rocks, forming an easily recognisable
hill in the relatively flat landscape of that part
of the Vocontian Domain, essentially constituted
by the “Terres Noires” formation in that area
(Figure 4B). It has been interpreted as a faulted
anticline (Gidon et al.,, 1991a) even though Mascle
et al. (1986) have mentioned a possible salt-related
origin.  An elongated NW-SE outcrop of Upper
Triassic evaporites is located in the core of the
anticline-like structure (Figure 4B). These evaporites
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et al, 1983). B: Uninterpreted and C: interpreted panorama of the Astoin overturned flap (from Célini et al., 2021). See
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are in direct contact with successive stratigraphic
units of the Jurassic and the Rocher de Hongrie
laterally correlates with a known salt structure (Gigot
et al, 2013): the Chateaufort diapir (Figure 4A,
Figure 5A).

On the southern side of the structure, the Lower
Jurassic rocks from the panel lie conformably over
the evaporites and are dipping between 80° towards
the SW and 80° overturned towards the NE. The

75 |

dips in the Middle Jurassic rocks abruptly decrease
to 35-45° towards the SW and 60° towards the S
depending on the location (Figure 4A). Normal faults
are affecting the Lower Jurassic and the Middle
Jurassic in the vertical panel. These are sealed by
the Bajocian or the Terres Noires formation and root
into the evaporites. Many internal unconformities
are also observable in map view (Figure 4A). Indeed,
the Aalenian is systematically missing, and the
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Bajocian lies over different stages of the Lower
Jurassic also affected by internal unconformities
(Figure 4A). On the northern edge, the evaporites
are in abnormal contact with various stages of the
Jurassic spanning from the Lower Jurassic to the
Terres Noires formation. These strata abut against
the evaporites and dip 60-70° towards the NNW-NW
(Figure 4).

This asymmetric setting on both sides of evaporites
outcrops is common of salt-related structures
especially with the rocks from the northern edge,
abutting against these evaporites and testifying
for a syn-sedimentary salt flow (e.g. Jackson and
Hudec, 2017). The strata from the southern edge
forming a sub-vertical panel show in cross-section
a megaflap-like structure such as defined by Rowan
et al. (2016) (Figure 5B). Thus, we propose that
the Rocher de Hongrie is a megaflap adjacent to
a salt structure that initiated during the Lower
Jurassic in response to regional extensional event
as evidenced by the normal faults affecting the
syn-rift strata only (Figure 4). Later, salt flow might
have been maintained by passive diapirism during
the Middle Jurassic passive margin stage such as
for other structures of the SW Alps (Graciansky
et al., 1986; Dardeau and De Graciansky, 1990; Célini
et al., 2020). It is likely that the Rocher de Hongrie
and the Chateaufort evaporites formed in fact a
single continuous salt wall that has been squeezed
during the Alpine compression. This interpretation is
supported by the fact that the Rocher de Hongrie is
aligned with diapirs of the area of Laragne-Montéglin,
Upaix and Lazer a few kilometres to the NW (Figure 1),
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following a NW-SE trend, probably similar to those
of normal faults affecting the basement beneath the
evaporites during the Jurassic (Mascle et al., 1988;
Gidon et al., 1991a).

3.3 The Daluis Diapir

The Daluis diapir is located to the SW termination of
the Déme de Barrot (Figure 1), which is a Permian
half-graben inverted during the Alpine orogeny (e.g.
Apps et al., 2004). In this location of the SW Alps,
two evaporites levels are observed, one beneath
the Middle Triassic limestones from the Muschelkalk
formation and one above it (Campredon et al.,
1980). The activity of the Daluis diapir began
during the Lower Jurassic by reactive diapirism,
followed by a passive phase of diapirism until the
end of the Jurassic (Dardeau and De Graciansky,
1990; Brooke-Barnett et al., 2023). The Mesozoic
and Cenozoic stratigraphy of the area shows a
global growth strata (Figure 6) but the main phase
of differential accommodation due to salt motion
has been recorded during the Jurassic testifying for
a main diapiric phase at that time (Dardeau and
De Graciansky, 1990; Brooke-Barnett et al., 2023).
During the Aptian-Albian, the evaporites have been
extruded at the seafloor a few kilometres farther
to the S forming an allochthonous salt sheet
(Brooke-Barnett et al., 2023). If salt evacuation has
migrated farther south, it probably explains why the
Daluis diapir has not recorded a significant diapiric
activity during the Cretaceous.
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4 RSCM Tmax around the Salt
Structures: Methodology and
Results

4.1 The RSCM Approach

In order to track the potential effect of salt
tectonics on Tmax distribution, we have selected
18 carbonaceous material (CM)-rich samples in
the Mesozoic sedimentary successions of the
area, around several salt-related structures.
We use the RSCM approach to calculate Tmax.
The RSCM approach is based on the Raman
spectra of CM (Figure 7) that changes with
increasing temperature (e.g. Beyssac et al., 2002;
Henry et al, 2019). Indeed, the maturation of
CM is a non-reversible temperature-dependant
phenomenon. The organisation of CM evolves with
increasing temperature and this organisation affects
the resulting Raman spectra. A given spectrum thus
reveals a mineral organisation and by extension,
a given Tmax achieved by the sample (Figure 7).
Among the different existing calibrations through

I
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Figure 7 - Representative spectra of carbonaceous

material used in this study with the calculated temperature
obtained with the Lahfid et al. (2010) calibration. Only
the LRGO04-409 sample temperature has been estimated
with the Saspiturry et al. (2020) quantitative approach. See
details and parameters of the spectra in Table 1.
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the RSCM literature, we have selected the calibration
of Lahfid et al. (2010) in order to calculate Tmax
between 200 and 350°C and the qualitative analysis
of Saspiturry et al. (2020) for one sample below
170°C (Table 1). Five samples are in the range
170-190°C which constitutes the lower limit of the
Lahfid et al. (2010) calibration. For these five samples,
we performed both the quantitative calibration of
Lahfid et al. (2010) and the qualitative analysis of
Saspiturry et al. (2020). Because the temperatures
obtained through both methods are very similar, we
present in Table 1 only the values obtained with the
quantitative method of Lahfid et al. (2010).

For this study, the analyses were performed at
the Bureau des Recherches Géologiques et Miniéres
(Orléans, France). We used a Renishaw inVia Reflex
microspectrometer with a diode-pumped solid-state
laser source excitation of 514.5 nm. The laser
power that reached the surface of the sample, using
a Leica DM2500 microscope and a x100 objective
(numerical aperture = 0.90), never exceeded 0.1 mW.
The microspectrometer was calibrated with a 520.5
cm™ line of an internal silicon standard for each
day of measurement. The Rayleigh diffusion was
eliminated by edge filters, and the Raman signal
dispersed onto an 1800 lines/mm monochromator
before analysis by deep depletion CCD detector (1024
X 256 pixels). When the quality of the samples
allowed it, we acquired for each sample 10 to 15
spectra for data consistency.

4.2 Astoin Allochthonous Salt Sheet

Seven samples have been collected in key elements
of the structure. Six of these samples are in
the Jurassic section beneath the allochthonous salt
sheet (Sinemurian, lower Pliensbachian, Bajocian and
three in the “Terres Noires” formation, Figure 3A).
The last sample is located in the Sinemurian from
the “Grande Gautiere” which forms the former
carapace of the diapiric complex (Figure 3) (Célini
et al, 2021). Regarding the samples located
beneath the allochthonous salt sheet, the sample
in the Sinemurian (AST07-416) of the overturned
megaflap shows a temperature of 258 + 7°C which
is the highest observed around the Astoin diapir.
Upsection, the temperatures are 243 + 24°C for the
Carixian (AST06-415), 242 + 11°C for the Bajocian
(AST05-414), and 226 + 15°C(AST01-345), 241 £ 19°C
(AST03-412) and 227 + 16°C (AST04-413) for the three
samples from the ‘Terres Noires' formation (Figure
3A). The sample from the Sinemurian which formed
the diapir carapace shows 178 + 21°C (AST08-417,
Figure 3A).

4.3 Rocher de Hongrie Megaflap

Five samples have been collected around the Rocher
de Hongrie megaflap along a SW-NE section. These
samples have been collected as much as possible
at a similar elevation (between 500 and 620m) in
various stratigraphic units of the Lower and Middle
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Table 1 - Samples information and Raman parameters

. . . Standard Standard
Longitude Latitude Elevation . . . N Temperature ..
Sample E N m) Lithology Formation mean deviation (spectra) °C) deviation
RA1 (°C)
ASTO01-345 6.146386111 44.33233056 836 Marls Terres Noires  0.556 0.012 13 226 15
AST03-412 6.162208333 44.34084167 939 Marls Terres Noires  0.568  0.015 15 241 19
AST04-413 6.169255556 44.34618889 1022 Marls Terres Noires  0.557  0.013 15 227 16
AST05-414 6.169427778 44.35144722 959 Marly limestone Bajocian 0.569  0.009 15 242 1
AST06-415 6.169038889  44.3588 1040 Limestone lower Sinemurian 0.57 0.02 11 243 24
AST07-416 6.165761111 44.36135556 1304 Limestone Sinemurian 0.582  0.006 15 258 7
AST08-417 6.137858333 44.36783611 1675 Limestone Sinemurian 0.514 0.018 14 178 21
LRGO01-406 5.941505556 44.25655 501 Marls Terres Noires 37.5 5.6 9 179 29
LRGO02-407 5.988411111 44.26690833 573 Marls Bajocian 35.2 3.1 14 191 20
LRG03-408 6.00175 44.268725 572 Limestone Lias 35 2 14 192 15
LRGO04-409 6.011269444 44.27448889 588 Limestone Lias 14 140 20
LRGO05-410 6.014386111 44.28155556 619 Marls Terres Noires 35 2.3 15 192 14
DALO2 6.8339 44.07688056 1267 Limestone Lias 0.57 0.012 15 243 14
DALO3 6.830808333 44.08301389 1341 Marls Terres Noires  0.597  0.006 15 277 8
DALO04 6.819883333 44.07970556 1361 Limestone Tithonian 0.575 0.021 15 249 25
DALO5 6.813969444 44.08042222 1365 Marls Valanginian 0.572  0.015 15 246 18
DALO6 6.813705556 44.08184444 1363  Marly limestone Hauterivian 0.579  0.009 15 255 11
DALO7 6.804125 44.08911944 1323 Marls Aptian Albian  0.572 0.01 15 246 1

Jurassic. Three were collected in the SW side of the
Rocher de Hongrie in the Terres Noires formation, the
Bajocian and the Toarcian. Two were collected in the
NE side of the Rocher de Hongrie in the Domerian and
the Terres Noires formation. All the samples show
Tmax around 180-190°C apart from the sample in
the Domerian from the NE side of the salt structure,
showing a Tmax of 140 + 20°C.

4.4 Daluis Diapir

Six samples have been collected along the Mesozoic
section adjoining the Daluis diapir (Figure 6A) to
the NW, in the Lower Jurassic, the Terres Noires
formation, the Tithonian, the Valanginian, the
Hauterivian and the Aptian-Albian. Such as for the
Rocher de Hongrie megaflap, the samples have been
collected at a relatively similar elevation (between
1260 and 1370m) crosscutting the present-day
structure of the Mesozoic strata. All the samples
show RSCM Tmax in the range 245 - 255°C apart from
the sample collected in the Terres Noires formation
which shows a Tmax of 277 + 8°C.

5 RSCM Tmax in Salt Tectonics
Setting: Interpretation and
Discussion

5.1 Astoin Allochthonous Salt Sheet

The obtained RSCM Tmax around the Astoin diapir
reveal that the RSCM Tmax progressively decrease
upsection and show an anomalously low RSCM
Tmax in the Lower Jurassic strata from the carapace
(Figure 8B). The Sinemurian in the carapace (Grande
Gautiére) is about 80°C cooler than the one in
the overturned megaflap (Figure 3 and Figure 8),
suggesting that the carapace was significantly less
warmed during the peak thermal event than the
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rocks located beneath the advancing allochthonous
salt sheet (Figure 8). The development of the
Astoin allochthonous salt sheet allowed to the
Grande Gautiere to be located at shallower depth
during the peak thermal event, explaining why it
has recorded a cooler temperature than the rocks
underneath the salt sheet (Figure 8B). This provide
a field example which agrees with the predicted
temperature distribution around an allochthonous
salt sheet (Mello et al., 1995).

These results fully support the interpretation of the
area as a salt-related structured area evidenced by
field observations such as progressive overturning
and growth strata and abnormal contacts between
salt and younger deposits (Célini et al., 2020, 2021).
This points out an Early Jurassic initiation of salt
activity, and the development of an allochthonous
salt sheet from the Middle Jurassic until the Early
Cretaceous (Figure 8B) (Célini et al., 2020, 2021).
Former interpretations considered the “Grande
Gautiere” as a klippe of the Digne Nappe (Arnaud
et al., 1977; Gidon, 1997). But if these units were
from the Digne Nappe, the temperatures inside
these Lower Jurassic rocks should range between
250°C and 330°C such as in the rocks of similar age
belonging to the Digne Nappe (Célini et al., 2023).
As it is not the case, the Grande Gautiére cannot be
regarded as the Digne Nappe remnants but rather as
pieces of the carapace of the Astoin diapiric complex,
such as proposed by Célini et al. (2021). Ignoring
salt tectonics involvement in the structuration of the
Astoin area could have led to misunderstanding of
the temperature distribution. Indeed, by considering
the Grande Gautiére as a remnant of the Digne
Nappe over the Authon-Valavoire thrust sheet, it is
difficult to understand the present-day distribution
of the RSCM temperatures. A classical purely
compressional interpretation with thrusts sheets of
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the temperatures around the Astoin diapir would
have implied a difference of elevation of 2 to 3
km, considering a normal geothermal gradient
of 30°C/km, between the Sinemurian samples
located in the megaflap and in the carapace (Grande
Gautiere, Figure 8). Linking the Grande Gautiére
temperature with the ones in the rest of the Lower
Jurassic strata of the Digne Nappe would have
implied a very complex structural scenario if one has
considered that, because this temperature is much
lower, it could mean that the Grande Gautiére unit
originated from a different structural unit invoking
many thrusting phases to explain its present-day
position. It appears that, when interpreting the RSCM
temperatures in salt-bearing fold-and-thrust belts,
one must consider that these temperatures can be
influenced by salt tectonics in order to avoid severe
misunderstanding of the temperature distribution.

During the RSCM temperature acquisition in
Mesozoic times, the geothermal gradient was about
80-90°C/km (Célini et al., 2023). Considering the value
80°C/km, it implies that there was a difference of 1
km of elevation between the sample in the megaflap
and the one in the carapace. This means that locally,
the allochthonous salt sheet was 1 km thick at least
(Figure 8). The geographical extension of such a thick
structure during the Mesozoic cannot be considered
as minor. The salt sheet might have covered a
large area of several tens of square kilometres.
Just a few kilometres to the north, the Turriers salt
structure also emplaced allochthonous salt during
the deposition of the Terres Noires formation (Célini
et al., 2020, 2021). In addition, the Astoin diapir is in
the NW continuation of the Barles diapir, which also
emplaced an allochthonous salt sheet during the
Jurassic. Both structures are separated by 10 km.
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Considering the potential map covering of the Astoin
allochtonous salt sheet, it is possible to imagine that
the salt sheets from the Astoin, Barles and Turriers
diapirs could have joined one each other during
the Jurassic, thus forming a salt canopy of regional
importance. Other recent studies have highlighted
the importance of allochthonous salt sheets in the
sub-Alpine chains and the possible occurrence of
salt canopies during the Mesozoic (Brooke-Barnett
et al., 2023; Csicsek, 2023). Such large salt canopies
inherited from pre-orogenic stages have also been
highlighted in other belts such as the Betics in Spain
(e.g. Pedrera et al., 2020; Flinch and Soto, 2022), or
the Flinders and Willouran Ranges in Australia (e.g.
Hearon et al., 2015; Rowan and Giles, 2021).

5.2 The Rocher de Hongrie

Regarding the RSCM Tmax at the Rocher de
Hongrie, we propose that the formation of the
salt structure, occurring during the Lower-Middle
Jurassic, pre-dated the thermal event responsible
for the observed Tmax, based on the present-day
geometry of the Rocher de Hongrie. Samples from
the Callovian, Bajocian and Lower Jurassic located on
both sides of the salt structure show the same Tmax
of ~190°C (Figure 9A). The temperatures distribution
around the Rocher de Hongrie highlights two issues.
The first one is related to the temperatures that
are similar in the Lower Jurassic, Bajocian and
Terres Noires formation samples. This suggests
that they were located at a similar depth during the
Tmax acquisition assuming that there is no lateral
heating effect from the salt body. Thus, tracing the
isotherm 190°C in a cross-section of the Rocher de
Hongrie reveals that it crosscuts the whole structure
apart from the NE side of the salt structure where
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the Lower Jurassic show a Tmax of 140 + 20°C
(Figure 9A). The second issue regards the fact that
the Lower Jurassic sample from the NE side of the
Rocher de Hongrie shows a lower Tmax value than
the other samples, suggesting that there is a local
disorganisation of the isotherms, creating a local
negative thermal anomaly located on the NE border
of the diapir only and located in the older strata
(Figure 9A).

We propose that both issues regarding
the temperature distribution are due to salt
tectonics. Indeed, considering a normal stacking
of undeformed strata or folding, would imply
that the older the strata the deeper and thus the
hotter, which is not the case here (Figure 9), such
as in the Basque-Cantabrian basin (Ducoux et al.,
2019) or the Northern Pyrenees (lzquierdo-Llavall
et al., 2020). Consequently, the Rocher de Hongrie
structure cannot fully be of Alpine age, the strata
were deformed prior to the Tmax acquisition due
to salt tectonics allowing the samples from the
Lower Jurassic, the Bajocian and the Terres Noires
formation to be located at a similar elevation
during the Tmax acquisition (Figure 9B). This
interpretation is also supported by the anomalously
low temperature reported in the Lower Jurassic from
the NE side of the Rocher de Hongrie. Indeed, a salt
structure can function as a thermal dipole dilating
the isotherms in its direct neighbouring and creating
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local negative thermal anomalies toward the base of
the salt structure, indicating decreasing temperature
(e.g. Mello et al., 1995; Jensen, 1983). We propose
that the Lower Jurassic sample showing 140 + 20°C
was, at the time of the Tmax acquisition located in
the area of the negative anomaly (Figure 9B). Cedefio
et al. (2019) have shown that the temperatures near
the diapir stem can be as much as 70°C lower than
expected. Unlike previous models which predict that,
apart from the case of an allochthonous salt sheet,
symmetrical perturbation of isotherms around salt
structures is expected (Mello et al., 1995; Cedefio et al.,
2019). Still, it does not explain why this drop of the
temperature occurred only in the northern flank of
the diapir.

The Rocher de Hongrie diapir shows an asymmetric
thermal record around the structure with a negative
thermal anomaly in the Lower Jurassic strata in the
northern flank of the diapir where the temperature
is lower than in the Lower Jurassic from the megaflap
(Figure 9). This observation finds an explanation in
the variation of salt-related structural style on both
sides of the structure (Figure 9), in line with previous
studies showing that a non-cylindric salt structure will
involve a non-cylindric thermal record (Grunnaleite
and Mosbron, 2019).  Another explanation is to
consider the impact of fluid circulations near
diapirs (Canova et al., 2018). Diapirism might have
favoured the circulation of hot fluids (especially
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during the Jurassic-Cretaceous thermal event) in
the limestones constituting the megaflap such as
in the French Pyrenees (Motte et al, 2021). This
assumption is relevant considering previous studies
in the Vocontian Domain that have described the
contribution of hot fluids circulation during diapirism
(Perthuisot and Guilhaumou, 1983). The role of fluids
would require further geochemical analyses in the
megaflap, which are out of the scope of the present
study. The anomaly of the Rocher de Hongrie diapir
implies that prior to shortening, the salt structure
must have been wide enough to allow the deflation
of the isotherms on the northern flank (Figure 9B).
Thus, it implies that the Rocher de Hongrie diapir has
accommodated a substantial amount of shortening
by being squeezed during the Cenozoic. Ignoring
a potential salt involvement for the formation of
the Rocher de Hongrie structure while examining
the RSCM temperatures around it, could have led
to erroneous interpretation implying a complex
structural evolution in order to explain such RSCM
temperatures distribution.

5.3 The Daluis Diapir

Except one sample, all the samples located around
the Daluis diapir show very close values of RSCM
Tmax about 250°C (Figure 6A). In cross-section,
the isotherm of 250°C crosscuts the different
stratigraphic units and the present-day structure
of the Mesozoic strata adjoining the Daluis diapir
(Figure 10). The diapiric nature of the structure
is known because of field evidence Dardeau and
De Graciansky (1990); Brooke-Barnett et al. (2023)
without any contribution of RSCM temperatures.
These are the thickness variations testifying for a
main diapiric activity during the Jurassic (Figure 6C)
and the various abnormal contacts between the
evaporites and cargneules with younger strata of
the Jurassic (Figure 6A). The Daluis diapir developed
since the Early Jurassic until at least the end of the
Late Cretaceous (Dardeau and De Graciansky, 1990;
Brooke-Barnett et al., 2023). The peak thermal event
affecting the SW Alps during the Early Cretaceous
has overprinted an already existing structure as
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shown by the isotherms crossing all the stratigraphic
units in its NW limb (Figure 10). The Daluis diapir
constitutes another example where the thermal
imprint responsible for the calculated RSCM Tmax
occurred after the salt-related deformation of
post-salt strata, allowing the isotherms to overprint
an existing structure. This is similar to what has
been observed in the northern Pyrenees where
salt-related deformation occurred prior to the
acquisition of the main thermal event during the
Cretaceous, as revealed by the pattern of isotherms
overprinting the whole structure of the “Chainons
Béarnais” (Izquierdo-Llavall et al., 2020) or those of
the Nappe des Marbres in the Basco-Cantabrian belt
(Ducoux et al., 2019).

At Daluis, the thermal record can be reproduced
by a late thermal imprint during the Alpine
orogeny involving at least 8 km of syn-orogenic
deposits and/or tectonic nappes above. However,
this hypothesis conflicts with petrologic and
thermochronology data showing that around
Daluis, the Eocene-Oligocene syn-orogenic deposits
have been buried to depths of 4-6 km (Labaume
et al., 2008). Thus, we infer that the thermal peak
occurred prior to the Alpine orogeny, i.e., during the
Jurassic-Early Cretaceous extensional events (Célini
etal.,2023). Atthat time, ignoring salt tectonics would
not allow to understand why the isotherm 250°C
crosscuts the structure. The Daluis diapir therefore
constitutes an example for which salt tectonics along
with inherited thermal events must be considered
in order to explain temperature distribution around
the structure. Ignoring the thermal effects of these
processes can lead to an overestimation of the
thickness of syn-orogenic deposits or nappe stack,
which in turns possibly leads to an overestimation of
the calculated shortening.

5.4 Regional scale variations in the
thermal peak record

The thermal peak recorded at the Rocher de Hongrie
is 60-70°C lower than at Daluis and Astoin. We
find an explanation to this in the distribution of the
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three salt structures that are in various structural
units (Figure 1). The Rocher de Hongrie is n
the autochthonous while the Daluis and Astoin
structures are respectively located in the Digne and
Authon-Valavoire thrust sheets, which have been
transported from their initial to present-day locations
over several kilometres towards the SW (e.g. Gidon
and Pairis, 1992; Gidon, 1997; Célini et al., 2020).
During, the Early Cretaceous, they were located
nearer to the Valaisan Domain thus in an area where
the lithosphere was extremely thin (Célini et al., 2023).
Thus, they might have recorded a higher thermal
event than the Rocher de Hongrie.

6 Conclusions

We performed the RSCM approach on a series of
samples located around identified salt structures
of the SW sub-Alpine fold-and-thrust belt. Our
results highlight that the structures were already
deformed by Jurassic salt tectonics when the RSCM
temperatures were acquired during the peak thermal
event of the Early Cretaceous. At Astoin, salt tectonics
has allowed for samples of the same age to acquire
very distinct RSCM temperatures, highlighting how
salt tectonics can influence temperature distribution.
Astoin and the Rocher de Hongrie both testify for the
fact that, in a syn-compressional Alpine scenario, the
interpretation of the RSCM temperatures would have
been very difficult without considering salt tectonics.
It is primordial to apprehend all the possible
structural evolutions of a structure when examining
the RSCM temperatures distribution around it, and
especially to consider that if salt is present, it
can influence this distribution at the local scale.
Conversely, the RSCM temperatures allowed to
identify that the Rocher de Hongrie must have
accommodated an important part of the Alpine
shortening and that the allochthonous salt sheet of
Astoin was of regional importance.
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