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ABSTRACT
We reconstructed the geological evolution of the Albanides during the Messinian salinity crisis (MSC), based on the integration 
of outcrop and subsurface data from both onshore (peri-Adriatic depression, Albania) and offshore (Southern Adriatic Basin) set-
tings. The lowermost MSC deposit consists of primary bottom-grown gypsum accumulated in marginal basins (Rubjekë, Durres 
inland; Guri i Cifutit, Vlora) of the peri-Adriatic depression. Facies analysis and Sr. isotope signature allow correlating these 
deposits with the Primary Lower Gypsum unit (PLG). This unit is truncated on top by an erosional surface that can be correlated 
in deeper settings (Currilla, Durres coast; Kavaje) with a sharp surface separating evaporite-free, organic-rich, and barren shales 
below from a clastic evaporite unit above. The unconformity can be regarded as the Messinian Erosional Surface and the clastic 
evaporites as the local expression of the Resedimented Lower Gypsum (RLG). Seismic and geophysical logs allow following this 
unit offshore in a WNW direction for hundreds of kilometres. While in the marginal settings the PLG are overlain by marine 
Pliocene deposits, in the deeper settings (Currilla) the RLG unit is overlain by thick terrigenous deposits that can be subdivided 
into a lower finer-grained barren shale unit followed upward by a rhythmic alternation of conglomerate or sandstone bodies and 
shales. The uppermost portion of this unit contains a typical Paratethyan hypohaline faunal assemblage yielding a depleted Sr. 
signature and thus referable to the Lago-mare unit, which records the final stage of the MSC. In turn, these deposits are followed 
by Zanclean open-marine sediments. These findings are in good agreement with the 3-stage model of the MSC and enable the 
reconstruction of basin-scale correlations from the thrust-top and foredeep basins of the Albanides and the Apennines, through 
the Adria foreland.

1   |   Introduction

The distribution of the deposits related to the Messinian Salinity 
Crisis (MSC) in the Apennines and in the Adriatic foredeep is 
well-known after several studies focused on the evolution of the 
Apennine foredeep (Iaccarino and Papani 1980; Iaccarino and 
Salvatorini 1982; Roveri et al. 1998, 2001, 2003, 2008a; Roveri, 
Flecker, et al. 2014) and the Adriatic foreland (Roveri et al. 2005; 
Hüsing et  al.  2007, 2009; Iaccarino et  al.  2008; di Stefano 
et al. 2010; Manzi et al. 2020). In particular, the large amount 

of subsurface data from the Adriatic offshore published by the 
Italian Ministry of Economic Development through the project 
“Visibility of petroleum Exploration Data in Italy” (ViDEPI), 
allowed Manzi et  al.  (2020) to reconstruct the occurrence of 
Messinian evaporites along the entire Apennine foredeep and 
foreland. According to the stratigraphic framework proposed 
by Roveri et  al.  (1998, 2001, 2003) and subsequent update 
(CIESM 2008), the MSC unfolded in three stages. During stage 1 
the precipitation of the Primary Lower Gypsum (PLG) occurred 
only in the higher structural contexts, i.e., in the wedge-top and 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2026 The Author(s). Basin Research published by International Association of Sedimentologists and European Association of Geoscientists and Engineers and John 
Wiley & Sons Ltd.

https://doi.org/10.1111/bre.70096
https://doi.org/10.1111/bre.70096
https://orcid.org/0000-0002-6946-9750
mailto:vinicio.manzi@unipr.it
http://creativecommons.org/licenses/by/4.0/


2 of 19 Basin Research, 2026

Adriatic foreland basins (Roveri et al. 2003). The more complete 
PLG succession is found in the Vena del Gesso wedge-top basin, 
where up to 16 shale/gypsum precessional-driven cycles have 
been described (Lugli et al. 2010). Other minor piggy-back basins 
are found more to the south, in the Marecchia Valley (Gennari 
et al. 2013), Irpinia (Matano et al. 2005) and Molise (Cosentino 
et al. 2018). Evaporite deposition took place also in the shallower 
settings of the Adriatic foreland ramp, where the largest PLG 
basin of the whole Mediterranean has been recognised (Manzi 
et al. 2020). The main depocenter is in the Adriatic offshore be-
tween the Gargano and Conero highs (Ori et  al.  1986; Roveri 
et  al.  2005; Corcagnani  2017), but the primary evaporites ex-
tend in a north-west direction below the Po River plain, reach-
ing the subsurface of the Ferrara town (Rossi et al. 2015; Manzi 
et al. 2020). This unit is commonly incomplete, being truncated 
at the top by the Messinian erosional surface (MES; Roveri, 
Flecker, et al. 2014); the boreholes showing the higher number 
of gypsum cycles are located between the Gargano high and 
the Gran Sasso massif in Central Italy. The good preservation 
of the PLG in this area can be explained by the rapid tectonic 
subsidence produced by the eastward migration of the Apennine 
thrust front (Manzi et al. 2020). In the more depressed wedge-
top basins and in the main foredeep, an interval of organic-rich 
shale was deposited instead of the primary gypsum (Manzi 
et al. 2007; Rossi et al. 2015; FBI sensu Manzi et al. 2018, 2021). 
During stage 2, the same foredeep areas largely coincided with 
the depocenters of the Resedimented Lower Gypsum (RLG), a 
clastic unit consisting of resedimented gypsum derived from 
the dismantlement of the PLG unit (Manzi et al. 2005; Roveri 
et  al.  2006; Roveri, Flecker, et  al.  2014). Differently from the 
other southern sectors of the Mediterranean, in the Adriatic 
foredeep the deposition of halite (stage 2) and Upper Gypsum 
(stage 3) did not occur. Due to the absence of primary evapo-
rites, the entire succession younger than the PLG (post-5.60 Ma) 
found above the MES was originally included in the post-
evaporitic unit (Roveri et al. 1998, 2001), consisting of a lower 
p-ev1 unit, including the resedimented evaporites (RLG; stage 
2), and an upper p-ev2 unit characterised by coarser-grained 
deposits related to an increased siliciclastic input starting from 
5.42 Ma, which was punctuated by whitish carbonate layers of 
chemical origin (the “colombacci” sensu Selli 1952, 1954). The 
post-evaporitic unit is characterised by the occurrence of pecu-
liar hypohaline fossil assemblages (mostly ostracods, molluscs, 
dinocysts) with Paratethyan affinity, that in the p-ev2 show the 
higher specific diversity and abundance. Due to the peculiar 
fossil content pointing to more humid climate conditions, this 
interval was termed “Lago-mare” (Gignoux 1936; Ruggieri 1967; 
Andreetto et al. 2021; Roveri et al. 2026).

An important stratigraphic proxy for the MSC is the 87Sr/86Sr 
signature of rocks and fossils that during the interval be-
tween the onset of the crisis (5.97 Ma; Manzi et  al.  2013) up 
to the Messinian/Zanclean boundary (5.32 Ma; van Couvering 
et al. 2000) is characterised by diagnostic excursions. During 
stages 1 and 2, the Mediterranean experienced a first reduc-
tion of the oceanic input (Flecker et  al.  2002; Flecker and 
Ellam  2006; Gladstone et  al.  2007; Topper et  al.  2011, 2014; 
Topper and Meijer 2013) reflected by a first detachment from 
the global ocean values. A second major deviation is associ-
ated with stage 3, also characterised by the spread of the Lago-
mare hypohaline assemblages. For these reasons, the 87Sr/86Sr 
of evaporite and carbonate allows us to distinguish among 
stages 1 and 2 (PLG and RLG) and stage 3 (UG); as for the 
final stage, devoid of evaporites, both micro- (ostracods, fora-
minifera) and macro-fossils (mollusc shells) may provide use-
ful geochemical data for the identification of the Lago-mare 
deposits (Roveri et al. 2026).

Despite the remarkable level of knowledge gained for the 
Apennines and the Western Adriatic offshore, subsurface 
and outcrop data for the Dinaric side are quite scarce. The 
MSC-related deposits only crop out in the western side of the 
Albanides, close to the Southern Adriatic basin coast, as doc-
umented by Pashko  (1973); Pashko et  al.  (2017); Pashko and 
Aliaj  (2020); Buli et  al.  (2001); Prillo and Hasanaj  (2002). 
Nevertheless, only recently has an accurate dating of the onset 
of the crisis in the type-section (Kavaje) been proposed by Bigi 
et al. (2024).

The aim of this work is to reconstruct a chronostratigraphic 
framework for the evolution of the Messinian salinity crisis in 
the poorly known South Adriatic region through the integration 
of subsurface (offshore and onshore) and outcrop data. This area 
provides pivotal implications for the comprehension of the sa-
linity crisis at Mediterranean-scale in the light of the different 
proposed stratigraphic models.

2   |   Geological Setting

The Southern Adriatic Basin (SAB; Figure 1) is the foredeep 
basin of the west-verging Albanides fold-and-thrust belt and is 
bordered to the west by the Apulian Platform. The latter is the 
foreland of both the Apennines and the Albanides (Ricchetti 
et  al.  1988) and consists of Mesozoic shelf carbonates repre-
senting a relatively undeformed portion of the passive margin 
of the Tethys Ocean (Figure 1A,B). The front of the Albanian 
orogen can be divided into a northern and a southern sec-
tor separated by the Vlore-Elbasan tectonic alignment (V-E; 
Figure  1A,C). These two sectors are clearly distinguishable 
because they are differently influenced by the Mesozoic palae-
ogeography (Argnani et al. 1996; Argnani 2013). In the south-
ern sector, the Apulian Platform is involved in deformation 
(Figure 1A), justifying the high topographic elevation close to 
the coast and the very limited foredeep basin. In contrast, the 
northern sector is represented by the Peri-Adriatic Depression 
(PAD; Figure  1A,C), where the thickness of the Oligocene-
Quaternary foredeep clastic infill reaches 8–10 km moving 
offshore (Argnani et al. 1996; Argnani 2013). The morphology 
of the area is structurally controlled by gentle folds related to 
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active back-thrusts (Muço 1994; Kiratzi and Papazachos 1995; 
Pondrelli et al. 1995; Vannucci et al. 2004; Sextos et al. 2020).

In this work, in order to extend the investigations recently car-
ried out in the Kavaje (K) section (Figure 1; Bigi et al. 2024) we 
have studied three stratigraphic sections (Figure 1C): (i) Rubjekë 
(R), Durres hinterland; (ii) Currilla (C), Durres coast; (iii) Guri i 
Cifutit (G), Vlora. Moreover, we have used published and partly 
reviewed subsurface data, including seismic and boreholes data, 
to correlate the onshore Albanian succession with the sedi-
mentary record of the offshore subsurface Adriatic and of the 
Apennine chain.

3   |   Methods

Three sections, Rubjekë, Currilla, and Guri i Cifutit (Figure 1C), 
have been investigated with an integrated approach including 
stratigraphic and sedimentological field work and petrographic, 
biostratigraphic, and geochemical analyses.

3.1   |   Petrographic Analyses

A total of 37 samples (Table S1) have been investigated for micro-
facies analyses in thin section. Attention was given to gypsum 

samples to verify the primary, secondary, or clastic origin, the 
presence of dissolution surfaces and the possible presence of 
anhydrite. The mollusc and ostracod shells selected for the geo-
chemical analysis were also analysed in thin section to verify 
their preservation.

3.2   |   Biostratigraphic Analyses

A total of 27 samples (Table S2) were selected for micropaleon-
tological analyses at the Micropaleontology Laboratory of the 
University of Parma. Samples were dried in an oven at 40°C, 
then soaked in diluted H2O2 for a few days and finally washed 
using a 63 μm mesh sieve. The washed residues were dried and 
sieved to get both fractions, above and below 125 μm, which 
were used for qualitative analyses.

3.3   |   Geochemical Isotopic Analyses

A total of 10 samples (Table  S3) from evaporites (8) and mol-
lusc shells (2) have been characterised for Sr. isotope signature 
at the Isotope Geochemistry Laboratory of the Department of 
Chemical and Geological Sciences at the University of Modena 
and Reggio Emilia. Analysis of 87Sr/86Sr was conducted using 
a multicollector inductively coupled plasma mass spectrometer 

FIGURE 1    |    Study area. (A) General geological map of the Adriatic area with location of the seismic lines and boreholes used in this work; (B) 
geodynamic setting; (C) enlargement and geological map of the Peri-Adriatic Depression (PAD) with location of the study sections (modified from 
Xhomo et al. 1999; Shërbimi Gjeologjik Shqiptar 2002): Rubjekë (R), Currilla (C) and Guri i Cifutit (G) and the section of Kavaje (K) after Bigi 
et al. (2024).
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(HR-MC-ICPMS Thermo Scientific Neptune) at the Centro 
Interdipartimentale Grandi Strumenti of the University of 
Modena and Reggio Emilia. The methodology for sample pro-
cessing followed the procedure outlined in Reghizzi et al. (2018) 
and Argentino et  al.  (2021). Strontium isolation from sample 
solutions was achieved using Eichrom Sr-SPEC resin SR-B50-A. 
Sample solutions were introduced into the Neptune via a PFA 
100 μL/min nebulizer and a quartz cyclonic + Scott type spray 
chamber. The NIST SRM 987 served as the external stan-
dard. Normalisation of all values was done with respect to the 
NIST SRM 987 value of 0.710248, as used by McArthur (1994) 
and McArthur et  al.  (2001) as the reference standard for con-
structing the global marine seawater Sr. curve. Analytical er-
rors are provided as both 2se (2-standard error or within-run 
error) and 2-sigma (i.e., 2se propagated with the NIST SRM 987 
reproducibility).

3.4   |   Subsurface Data

The stratigraphic correlation between the Albanides foredeep 
and the Apennine foreland was achieved through a review of 
four VIDEPI seismic profiles (B-443, M13, D444, F76-04) and 
three boreholes (Sparviero 001, Sparviero 001 bis and Gargano 
Mare 001), three VIDEPI boreholes previously interpreted by 
Manzi et  al.  (2020) (Eterno 001, Famoso 001 and Stella 001), 
the ADS-02 profile (Argnani 2013), and the geological section 
“4” (Shërbimi Gjeologjik Shqiptar 2002). Interpretation of well 
logs and onshore peri-Adriatic data allowed calibration of seis-
mic profiles by identifying key seismic reflectors, such as the 
Messinian erosional surface (MES) and/or the evaporites. In 
addition, other VIDEPI boreholes previously investigated by 
Manzi et al. (2020) were also reported and considered for inter-
pretation. Due to the presence of an erosional hiatus of variable 
amplitude, no MSC-related deposits are found in a small group 
of boreholes including: Cigno Mare 001, Gondola 001 bis, Grazia 
001, Giuliana 001, Jolly 001, Rovesti 001, Imago 001, Picchio 
001, Medusa 001, Rosaria Mare 001, Giove 001, Giove 002 and 
Merlo 001.

4   |   Results

4.1   |   The Rubjekë Section (R; 41°24′2.10″N; 
19°35′55.42″E)

4.1.1   |   Physical Stratigraphy

The Rubjekë section (Figure 2A), around 90 m-thick, is located 
few tens of meters north of the homonymous village and re-
cords the uppermost Miocene succession of the Preze monocline 
(Figure 1). Two informal units can be distinguished along the 
entire succession, as follows:

Pre-evaporitic units – it includes a lower interval made of weakly 
cemented silty-sandstones interbedded with up to 8 biocalcaren-
itic horizons (Figure 2B,C), each 20–30 cm thick belonging to the 
uppermost Rada Formation (Prillo and Hasanaj 2002). The hori-
zons contain marine fossil assemblages with bivalves, gastropods, 
coralline algae, miliolids and bryozoans, whereas the interbedded 
silty sandstones show well-preserved oyster valves, particularly 

abundant above the first biocalcarenitic layer. These features 
point to an open marine environment, in agreement with the de-
scription of the top Rada Formation by Prillo and Hasanaj (2002). 
The Rada Formation passes upward to an interval, about 45 m 
thick, consisting of poorly cemented blue-grey marls barren 
of macrofossils referable to the Mengaj Formation (Prillo and 
Hasanaj 2002), in turn capped by the Gyps-Sharrë Gypsum unit.

Gyps-Sharrë Gypsum unit (GSG) – it consists of giant primary 
bottom-grown twinned selenite crystals, reaching up to 2 m 
across (Figure  2D–F), similar to those found in the lower-
most two beds of the Primary Lower Gypsum unit (Lugli 
et al. 2010) in the Vena del Gesso basin (Northern Apennines). 
The thickness of the unit is 4 m and although the base is not 
well exposed, the vertical orientation of the gypsum crystals 
reconstructed from lateral (Figure 2D,F) and top (Figure 2E) 
views matches the regional dip of the Preze monocline. Thus, 
a conformable contact with the underlying terrigenous unit 
is expected. Conversely, the top of the evaporites is trun-
cated by an erosional surface that developed at the end of the 
PLG deposition, albeit a more recent reshape cannot be ex-
cluded. According to the geological map (Shërbimi Gjeologjik 
Shqiptar 2002), these evaporites are overlain by fine-grained 
Pliocene deposits (not outcropping).

4.1.2   |   Biostratigraphy

Micropaleontological analyses carried out in blue-grey marls 
contain a scarce and poorly preserved microfossil record that 
does not allow biostratigraphic determination.

4.1.3   |   87Sr/86Sr Isotope Stratigraphy

The geochemical analyses on the giant selenite crystals yielded 
an 87Sr/86Sr value of 0.708952 ± 0.000014 (Table S3) compatible 
with stage 1 of the MSC.

4.2   |   The Guri i Cifutit Section (G; 40°30′38.19″N; 
19°27′43.43″E)

4.2.1   |   Physical Stratigraphy

The Guri i Cifutit section (Figure 3A,B), measured in an aban-
doned quarry located few kilometres north of Vlora, is ~60 m-
thick and shows the most complete evaporitic Messinian 
succession within the Peri-Adriatic depression (Figure 1C). Two 
units can be distinguished.

Gyps-Sharrë Gypsum unit (GSG) – This unit is more than 40 m-
thick and consists entirely of primary gypsum characterised by 
an alternation of massive selenite (Figure 3C), banded selenite 
(Figure  3D,E) and branching selenite facies (Figure  3F) with 
thin shale horizons forming 3–4 depositional cycles. A very 
distinctive feature of this unit, which is barren of fossils, is the 
presence of dm-thick bands truncated at the top by dissolution 
surfaces (Figure 3C) in the massive selenite. These evaporites 
lay above the pre-evaporitic Mengaj/Rada Fm, although the con-
tact is not visible in the quarry, and are truncated on top by an 
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angular discordance; the GSG unit dips SE, whereas the overly-
ing unit dips NE.

Blue marl unit (BMU) – this unit consists of a lower finer-grained 
portion, with up to 10 m-thick, of bluish shaly-marls containing 
shallow-water marine fauna represented by solitary hexacorals 
in the marly limestone (Scleractinia; Figure  3G) and Cardium 
and Muricopsis shells in the shale intervals (Figure  3H). The 
base (not well exposed) is marked by a strongly altered marly 

limestone layer with abundant plant frustules. The top portion 
consists of a coarser-grained layer with several sandstone beds, 
up to 1 m-thick, interbedded with bluish marls.

4.2.2   |   Biostratigraphic Analyses

Micropaleontological analyses carried out in the shales of the 
BMU reveal the presence of Sphaeroidinellopsis seminulina 

FIGURE 2    |    Rubjëke section: (A) Lithostratigraphic log and paleontological findings and sample location. (B) Lowermost biocalcarenite bed. 
(C) Close-up of the fossiliferous content of the biocalcarenitic bed in B. (D) Truncation surface at the top of the Evaporitic Unit (GSG, Gyps Sharre 
Gypsum). Top (E) and lateral (F) detailed views of the giant twinned gypsum crystals of the GSG unit.
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that, together with the absence of Globorotalia margaritae and 
Globorotalia puncticulata, could suggest an early Pliocene age.

4.2.3   |   Geochemical Isotope Analyses

A total of 5 samples, including the different primary selenite facies, 
provided 87Sr/86Sr values ranging from 0.708928 ± 0.000006 to 
0.708950 ± 0.000006 (Table S3) with an average value of 0.708939. 
These values fall in the field of the early stage of the MSC.

4.3   |   The Currilla Section (C; 41°19′25.36″N; 
19°25′33.26″E)

4.3.1   |   Physical Stratigraphy

The Currilla section, around 450 m-thick, crops out along the 
coast of Durres along the eastern flank of the Durres-Palla anti-
cline, whose axial plane is located just off the coast (Figure 1C). 
Based on lithofacies and biofacies, from base to top, up to 4 units 
can be distinguished (Figure 4A,B).

FIGURE 3    |    Guri i Cifutit (Vlore) section. (A) Lithostratigraphic section with sample loaction. (B) Panoramic view of the Guri I Cifutit quarry (en-
circled person for scale). (C) The banded-massive selenite facies with close-up of centimetric crystals truncated by a dissolution surface. (D) Coarse 
banded selenite (camera lens cap for scale). (E) Banded selenite. (F) Branching selenite. (G) Hexacoral within marly limestone. Marine malacofaunas 
with bivalves (H) Marine malacofaunas with bivalves and gastropods recognized in the Pliocene Blue clays.
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FIGURE 4    |    Currilla section (Durres). (A) Panoramic view of the Currilla section showing the main 5 sedimentary cycles given by the alternation 
of coarse-grained and fine-grained horizons. (B) Lithostratigraphic log with main paleontological findings and sample location. (C) Thin-bedded 
turbidites at the base of the Lower Terrigenous Unit (LTU). (D) Euxinic shales with diagenetic gypsum crystals. (E) Gypsarenite with diagenetic 
gypsum nodules. (F) Gypsarenite with primary gypsum clasta (G) Abrupt passage between the Intermediate terrigenous unit (ITU) and the basal 
conglomerate of the Upper Terrigenous Unit (UTU). (H) Cross-bedded sandstones of the UTU. (I) Melanopsis narzolina. (J) Melanoides curvicosta.
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Pre-evaporitic unit – This unit is more than 180 m-thick and 
is characterised by an overall fining-upward trend; its lower 
portion consists of an alternation of sandstone and shale 
(Figure  4C) with rare, thin (< 0.5 m) microconglomeratic and 
conglomeratic layers; these deposits pass gradually upward to 
an interval characterised by shale with minor sand beds; at the 
top, a poorly-exposed interval (~5 m-thick) of dark euxinic shale 
with secondary diagenetic nodules of macrocrystalline gypsum 
is present (Figure  4D). Other diagenetic nodules are found in 
the gypsarenite deposits (Figure  4E). These nodules probably 
formed by the rehydration of anhydrite during exhumation. 
Differently from what was observed in the previous sections, the 
unit is characterised by higher terrigenous content and is devoid 
of macro and microfossils.

Gyps-Sharrë Gypsum unit (GSG) – the evaporitic unit consists 
of ~12 m-thick alternation of laminated gypsarenite/gypsrudite 
and shale. Differently from the previous sections, no primary 
gypsum facies are present, only clastic. The original lamination 
is locally deformed by whitish diagenetic microcrystalline gyp-
sum nodules (Figures  4E and 5A,D). Both macro- and micro-
crystalline diagenetic nodules show no evidence of anhydrite 
precursor (Figure  5B,E). Carbonate clasts, as a minor compo-
nent of the gypsrudite, show cubic moulds filled by secondary 
gypsum (Figure 5C,F).

Post-evaporitic unit – This unit overlying the clastic evaporites 
is not present in the previous sections and can be separated 
into two sub-units. The lower sub-unit, about 40 m-thick, is 
made of sandy shale resting conformably overlying the evap-
oritic unit. At its top the unit is truncated by the erosional 
base of the upper sub-unit (Figure  4F). The upper sub-unit 
is 180 m-thick and is characterised by a rhythmic alternation 
of coarse- and fine-grained deposits forming 5 main sharp-
based, fining-upward sedimentary cycles (Figure  4A,B) or-
ganised in an overall fining- and thinning-upward stacking 
pattern (Figure 4B). In the basal cycle the coarse-grained in-
terval is a 10 m-thick conglomerate-sandstone body including 
in its lower part dm-sized pebbles that can be laterally traced 
in outcrop for more than 4 km along the coast north of Durres. 
In the overlying cycles the basal portion consists of cross-
bedded sandstone (Figure  4G,H). Fossils (gastropod and bi-
valve shell fragments) are present only in the upper portion of 
the shale horizons (Figure 4I,J).

Blue marl unit (BMU) – the light brown fossiliferous shaley-marl 
at the top of the post-evaporitic unit passes upward to a 20 m-
thick fine-grained unit made up of bluish marly shale.

4.3.2   |   Biostratigraphic Analyses

The lower portion of the pre-evaporitic unit does not contain fos-
sils. In the post-evaporitic unit, two fossiliferous intervals with 
distinct characteristics have been identified. The lower one is 
characterised by very rare dwarfed globigerinids, unidentifiable 
because of their extremely small size, the poor state of preser-
vation and the abundant recrystallization. The upper one, oc-
curring immediately above the last sandstone bed (samples H, 
I), is characterised by a faunal assemblage with hypohaline gas-
tropods including Melanopsis narzolina (d'Archiac in Viquesnel, 

1846; Figure  4I) and Melanoides curvicosta (Deshayes, 1835; 
Figure  4J). This fossil assemblage is commonly identified 
in the Lago-mare deposits of stage 3 (Orszag-Sperber  2006). 
In the uppermost portion, just before the transition with the 
bluish-grey marly shale (Figure 4A), some small globigerinids 
associated with valves of Loxocorniculina djafarovi have been 
recognised; the latter species is a typical Lago-mare marker 
(Gliozzi 1999; Bassetti et al. 2003; Roveri et al. 2008a; Roveri, 
Flecker, et al. 2014). In contrast, the sample immediately above, 
in the Blue Marls unit, shows an organic fraction composed of 
planktonic foraminifera and a few benthic tests (P/B >> 1). The 
planktonic assemblage consists of Orbulina universa (d'Orbigny, 
1839), Globigerina bulloides (d'Orbigny, 1826), Globigerina fal-
conensis (Blow, 1959), Sphaeroidinellopsis seminulina (Schwager, 
1866), Neogloboquadrina acostaensis (Blow, 1959) and some 
rare Globorotalia scitula, pointing to open marine conditions. 
Finally, the uppermost sample shows a similar planktonic as-
semblage, except for the rare presence of Globorotalia margari-
tae (Bolli and Bermudez, 1965). Accordingly, the post-evaporitic 
unit can be ascribed to the uppermost Messinian and the Blu 
Marl unit to the lower Zanclean.

4.3.3   |   Geochemical Isotopic Analyses

Two different populations of 87Sr/86Sr values can be dis-
tinguished for this section (Table  S3). The 2 samples col-
lected in the clastic gypsum of the EU show values of 
0.708928 ± 0.000014 and 0.708952 ± 0.000014, typical signa-
ture of the Lower Evaporites (stage 1 and 2). Conversely, the 2 
samples of the hypohaline fauna found in the UTU provided 
more depleted values (0.708777 and 0.708786 ± 0.000006) 
compatible with the uppermost Messinian Lago-mare. See 
Table S2 for details.

5   |   Discussion

5.1   |   Correlation of PAD Sections

The Gyps-Sharrë Gypsum Fm. cropping out in the Rubjekë and 
Guri i Cifutit sections consists of bottom-grown primary evap-
orites that, on the basis of their depositional facies, similar to 
those described by Lugli et al. (2010), and of their 87Sr/86Sr iso-
topic signature, can be ascribed to the Primary Lower Gypsum 
unit. Both sections show an incomplete succession, truncated 
at the top by an unconformity that can be correlated with the 
Messinian erosional surface (MES; Figure 6). The presence of the 
giant selenite facies, a stratigraphic marker at the Mediterranean 
scale of the first two precessional cycles (Lugli et al. 2010) in the 
lowermost gypsum cycles, suggests that the base of the PLG in 
the Rubjekë section is conformable. Moreover, the gypsum sel-
enite overlies a shale and biocalcarenite succession deposited in 
a shallow-water shelfal environment; thus, in good agreement 
with the maximum depth of 200 m estimated for the overlying 
PLG unit (Lugli et al. 2010).

In the Guri i Cifutit section the local base of the evaporitic unit 
does not crop out and it is not possible to know if the basal cy-
cles are present, as documented for the Kavaje section (Bigi 
et al. 2024). However, the scarce deformation, good preservation 



9 of 19Basin Research, 2026

and lateral continuity of the evaporites suggest a conformable 
boundary above the pre-evaporitic deposits. The peculiar evapo-
ritic facies known as branching selenite, which is a pivotal strati-
graphic marker appearing only from the 6th precessional cycle 
upward in the PLG unit (Lugli et al. 2010), has been recognised 
in the Guri i Cifutit section. The overlying post-evaporitic suc-
cession, containing Sphaeroidinellopsis seminulina, corals and 
marine malacofaunas can be interpreted as a shallow-water, 
open marine lower Pliocene unit.

Conversely, the Gyps-Sharrë Gypsum Fm. outcropping in 
the Currilla section shows significant differences; in fact, it is 

characterised by: (i) a slight erosional base above a dark shale 
barren unit (not found in the other sections); (ii) the complete 
lack of primary evaporitic deposits; (iii) the only occurrence of 
clastic evaporite facies; (iv) the presence of a conformably overly-
ing terrigenous unit (not found in the other sections), including 
in its upper portion hypohaline faunal assemblages ascribable 
to the Lago-mare; (v) the presence above the terrigenous unit 
of a bluish marl unit with marine fossils, of possibly Zanclean 
age. The erosional base, the exclusive occurrence of clastic fa-
cies, and the isotopic values (typical of stages 1–2) allow us to 
confidently correlate the evaporites of the Currilla section to the 
Resedimented Lower Gypsum unit (RLG), that is commonly 

FIGURE 5    |    Thin sections of clastic evaporites from the Currilla (C; Durrës) section. Diagenetic gypsum within a gypsarenite layer viewed at parallel 
(A) and crossed nicols (D). (B) Contact between large crystal of diagenetic gypsum and lenticular microcrystalline gypsum viewed at parallel (B) and 
crossed nicols (E). (C) Cubic and hexagonal moulds within a carbonate clast filled by secondary gypsum viewed at parallel (C) and crossed nicols (F).
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observed in deep basinal successions of stage 2 (Figure 6). The 
presence of turbiditic siliciclastic deposits and the absence of 
macrofossil-rich calcarenites in the underlying pre-evaporitic 
succession suggest a deeper environment with respect to the 
previous sections also before the crisis. Although a detailed 
bio and magneto-stratigraphic study is lacking, the presence of 
euxinic shales totally devoid of foraminifera below the clastic 
evaporites can be tentatively interpreted as corresponding to 
the Foraminifer Barren Interval (FBI; Manzi et al. 2018, 2021), 
i.e., the deep-sea time-equivalent of the Primary Lower Gypsum 
(stage 1), that is missing in the Currilla section. Thus, the ero-
sional base of the clastic evaporites can be traced in shallow 
settings above the PLG unit and correlated with the Messinian 
erosional surface. Another exclusive aspect of the Currilla sec-
tion is the presence above the evaporites and below the Pliocene 
marine Blue Marl Unit of a thick terrigenous succession in-
cluding typical Lago-mare ostracod (L. djafarovi) and mollusc 
(Melanoides and Melanopsis spp.) assemblages with stage 3 iso-
topic signatures and showing a gradual transition to the early 
Zanclean, as indicated by the presence of S. seminulina (MPl1 
zone; Lirer et al. 2019).

Summarising, we can identify two sectors of the peri-Adriatic 
depression, namely the inner part of the Durres area (Rubjekë 

section) and the Vlora area (Guri i Cifutit section), which before 
and during the MSC were characterised by relatively shallow-
water environments, hosting PLG unit deposition during stage 
1 (Figure 7). In contrast, the outermost sector of the PAD, now 
cropping out in the Durres coast (Currilla section), must have 
been much deeper before and during the crisis, hosting the ac-
cumulation of only clastic evaporitic deposits during stage 2 
(Figure 6). The Kavaje section, the only record in Albania of the 
MSC onset within euxinic shales (Bigi et al. 2024), can thus be 
interpreted as an intermediate depositional setting (Figure 6). In 
fact, in situ PLG evaporites are absent in the Kavaje area, but 
the RLG unit appears very different from the Currilla section, 
showing more coarse-grained facies (gypsrudites), chaotic de-
posits (comprising mountain-size PLG olistoliths), and primary 
halite (Bigi et al. 2024), pointing to a shorter distance from the 
source areas.

The re-interpretation of the geological Section  4 of the 
Albanian geological service (Shërbimi Gjeologjik Shqiptar 
2002) after the above-described considerations clearly sum-
marises the correlation between the inner and outer depo-
zones of the peri-Adriatic depression (Figure  7). The uplift 
of the Preze monocline in the inner part of the PAD gener-
ated shallow-water environments that favoured the evaporitic 

FIGURE 6    |    Correlation lithostratigraphic sections of the Peri-Adriatic Depression (PAD) showing the distribution of paleontological findings 
and the Strontium isotope results.
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precipitation during stage 1 (Rubjekë wedge-top, PLG unit). 
During the uplift, the area of the current Durres-Palla anti-
cline was still characterised by a foredeep context, allowing 
the accumulation of clastic evaporites (RLG) in the subse-
quent stage 2. These clastic evaporites result from erosion or 
total dismantling of the primary evaporites accumulated 
during stage 1. This is because the continuous growth of 
structures, such as the Preze monocline, has caused slope in-
stability and the possible subaerial exposure of the PLG unit, 
generating the Messinian erosional surface. The Currilla sec-
tion also testifies that, compared to the other sections, a rel-
atively deep-water setting persisted even during stage 3, with 
the deposition of a thick Lago-mare terrigenous succession, 
and the basal Pliocene, in which the almost exclusive presence 
of planktonic foraminifers indicates a pelagic sedimentation.

5.2   |   The Correlation of the Currilla Section With 
the Mediterranean Sections

The terrigenous post-evaporitic succession overlying the RLG 
unit in Currilla section exhibits lithofacies, biofacies, and stack-
ing patterns that allow a correlation with stage 3 of the Central 
and Western Mediterranean (Dabrio and Polo  1995; Roep 
et  al.  1998; Roveri et  al.  1998; Krijgsman et  al.  2001; Fortuin 
and Krijgsman  2003; Bassetti et  al.  2004; Roveri et  al.  2008b, 
2009; Omodeo-Sale' et  al.  2012; Andreetto et  al.  2021; Roveri 
et  al.  2026). Like the Northern Apennines and the Southern 
Spain successions (Figure  8), the stratigraphic pattern of the 
post-evaporitic unit of the Currilla section records the cyclic ac-
tivation/deactivation of fluvio-deltaic systems, indicated by the 
deposition of large volumes of coarse-grained silicoclastic sedi-
ments. These elements allow the attribution of the upper mem-
ber to stage 3.2 (Figure 8; p-ev2 unit sensu (Roveri et al. 1998)), 
whose base, dated at 5.42 Ma, records a strong variation of the 
precipitation regime in the peri-Mediterranean area (Roveri 
et al. 2008b; Roveri et al. 2026). This interpretation is confirmed 
by the presence of Lago-mare faunal assemblages and in partic-
ular by the occurrence of L. dijafarovi (a stratigraphic marker of 
stage 3.2) at the top of the succession, which, together with their 

depleted 87Sr/86Sr value, indicates a period of greater isolation 
of the Mediterranean from the Atlantic Ocean and a simulta-
neous intensification of exchanges with the Paratethys (Orszag-
Sperber  2006; Rouchy and Caruso  2006; Roveri et  al.  2008b; 
Roveri et al. 2026).

5.3   |   Onshore—Offshore Correlation

Through the correlation of the Albanian onshore data with the 
seismic data from the Adriatic offshore (B-443, M-13, D-444, 
F76-04, ADS-02; Figures  1A and 9A), a composite geologic 
section has been reconstructed (Figure  9B), which highlights 
the distribution of MSC deposits (mainly evaporites) from the 
Peri-Adriatic depression to the Adriatic foreland (Figure  9A). 
Profile ADS-02 identifies a seismic unit of Messinian age 
(Argnani 2013), which is involved to the east in the Durres-Palla 
anticline (Section 4; Figures 7 and 9B). Profile ADS-02 connects 
westward with seismic section F76-04, which reveals the north-
western boundary of the Southern Adriatic basin and can be cal-
ibrated with the Sparviero 001-001bis (Figure 9C) and Gargano 
Mare 001 (Figure  9D) boreholes. In this section the continua-
tion of the Messinian unit identified by Argnani  (2013) to the 
Sparviero 001 anticline can be recognised. Here, the Sparviero 
001 and 001bis boreholes cross the Messinian succession be-
tween 1700 and 1860 m depth (Figure  9C). Between 1700 and 
1760 m, the resistivity log is characterised by a “spiky” pattern 
(Figure  9C) suggesting the alternation of thin (m-thick?) gyp-
sum beds (high resistivity) with arenitic and shale deposits (low 
resistivity). This “spiky” pattern, that can be referred to the RLG 
unit, clearly differs from the “blocky” one that allowed to rec-
ognise the PLG unit (Manzi et  al.  2020), and that can be ob-
served in the Eterno 001, Famoso 001 and Stella 001 boreholes 
(Figure 9E).

Moving westward along transect F76-04, the Gargano Mare 
001 borehole intercepts the offshore extension of the Gargano 
structural high (Figure 9B), where an erosional hiatus is pres-
ent between the Tortonian shelf marls and the Pleistocene car-
bonate deposits (Figure 9D). The same erosional surface can be 

FIGURE 7    |    Re-interpretation of the Geological Section 4 of the Shërbimi Gjeologjik Shqiptar (2002; see location in Figure 1A). The section cross-
es the investigated successions at the structural highs of the Preze monocline and the Durres-Palla anticline, showing the arrangement of the deposits 
of the 3 stages of the crisis.
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followed in the seismic sections D-444 and M-13, but since no 
boreholes are available, the extension of the hiatus cannot be de-
termined. Section B-443 was calibrated by boreholes Stella 001, 
Famoso 001, and Eterno 001, previously interpreted by Manzi 
et  al.  (2020; Figure  9E). Here, the PLG unit, developed above 
a shelfal carbonate (Bolognano Formation) and foreland ramp 
mud (Schlier Formation) succession, is truncated on top by the 
Messinian erosional surface (MES). The reflector corresponding 
to the MES can be correlated with the unconformity present in 
transects D-44 and F17-M13 (Figure 9B).

The calibration of the seismic section F76-04 through the 
Sparviero 01 borehole allows us to interpret the Messinian seis-
mic unit identified by Argnani (2013) and, consequently, to re-
construct a general framework extended from the Apennines to 
the Albanides according to the following points:

–	 The Southern Adriatic basin is characterised by a strong 
seismic reflector that can be followed along the sections 
F76-04 and ADS-02 representing the clastic evaporites 
unit (RLG) drilled in the Sparviero 01 borehole; eastward 
this reflector can be traced up to the Durres coast, 
where the clastic evaporites outcrop in the Currilla 
section.

–	 In agreement with Manzi et al. (2020), no evaporite depos-
its are found above the Gargano structural high. Here an 
unconformity surface that can be interpreted as the MES 
truncates the Tortonian (Gargano-Mare 001; Figure 10C), 
or even the Mesozoic units, and is sealed by the Plio-
Quaternary deposits.

–	 The PLG deposits, drilled by the Stella 001, Famoso 001, 
and Eterno 001 boreholes, appear only north-west of the 

FIGURE 8    |    Astronomical tuning of the Currilla section and stratigraphic correlation with the Northern Apennines composite section (modified 
from Roveri, Flecker, et al. 2014) and Barranco de Los Castellones section (Nijar Basi, Southern Spain; from Omodeo-Sale' et al. 2012).
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Gargano high (Figure  10B). they overlie a succession in-
cluding carbonate (Bolognano Fm) to hemipelagic marl de-
posits (Schlier Fm). These evaporites are comparable with 
those of the Rubjekë and Guri i Cifutit sections resting on 
the shelfal deposits of the Rada Formation.

–	 The fine-grained deposits above the RLG unit in the 
Sparviero 001 borehole could tentatively be ascribed to 
the Lago-mare stage (Figure  10D); although the lack of 
paleontological data does not allow us to confirm this 
interpretation.

FIGURE 9    |     Legend on next page.
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From these considerations it follows that the distribution of 
the Messinian evaporites in the Adriatic basin largely reflects 
the Mesozoic palaeogeography. In particular, the Southern 
Adriatic basin (i.e., the Albanides foredeep basin since the 
Alpine orogeny; Argnani  2013), represents an area already 
depressed at the end of the Cretaceous, where deep sea sedi-
ments accumulated continuously since the Oligocene onwards 
(Argnani et al. 1996; Argnani 2013). During stage 1 the pre-
cipitation of the PLG unit occurs only in shallow-water set-
tings, which are located along the section: (i) in the wedge-top 
basins (Figures 8 and 10A), (ii) in the Albanides thrust-front 
(Rubieke and Guri i Cifutit Sections) and (iii) in the Adriatic 
foreland (Stella 001, Famoso 001, Eterno 001; Figure 10A,B). 
The excellent preservation of the PLG evaporites in the latter 
sector is due to the rapid subsidence following the increased 
lithostatic load generated by the eastward migration of the 
Apennines (Manzi et  al.  2020). In agreement with Manzi 
et  al.  (2020), the paleo-Gargano high represents the south-
eastern sill delimiting the largest PLG basin of the Adriatic 
foreland. Moving southwards, in the southern Adriatic basin 
the PLG unit is replaced by euxinic shales, probably due to 
a greater paleodepth characterised by anoxic conditions not 
allowing the deposition of primary selenite (Manzi et al. 2007; 
Lugli et  al.  2010; de Lange and Krijgsman  2010; dela Pierre 
et al. 2011). This basin hosted the deposition of evaporites only 
during stage 2 when the clastic gypsum of the RLG unit was 
accumulated (Figure 10A). This unit has been deposited from 
the edge of the peri-Adriatic depression up to the Sparviero 
001 anticlines. The terrigenous unit representing the Lago-
mare deposits of stage 3 crossed by the Famoso 001 borehole 
(Adriatic foreland) and outcropping in the Currilla section 
(Albanides foredeep) could likely share the areal distribution 
of the RLG unit within the Southern Adriatic Basin.

5.4   |   Mediterranean-Scale Implications

The Albanian record of the Messinian salinity crisis confirms 
the existence of three main depositional stages, each charac-
terised by specific hydrological and environmental conditions. 
These stages broadly correspond to those recognised in other 
Mediterranean settings, with only minor differences.

5.4.1   |   Environmental Conditions for the Primary 
Sulfate Precipitation

The deposition of primary sulphates during stage 1 oc-
curred in two areas located in structurally elevated settings 

(wedge-top basin, Rubijeke; foreland, Guri i Cifutit). Based on 
the characteristics of the underlying deposits of the Rada Fm., 
these settings were likely relatively shallow, as documented 
in other marginal Mediterranean basins, Apennines (Roveri 
et  al.  2003; Lugli et  al.  2010; dela Pierre et  al.  2011; Manzi 
et al. 2020), Sicily (Roveri et al. 2008b; Lugli et al. 2010), and 
Spain (Roveri et al. 2020). A shallow water setting is also con-
sistent with the identification of Ribosomal RNA gene frag-
ments from fossilised cyanobacteria in the Vena del Gesso 
basin (Panieri et al. 2010).

Based on biomarkes analyses, Natalicchio et  al.  (2021) sug-
gested deposition from a stratified water body, although 
such conditions appear unlikely in shallow settings. Another 
debated issue concerns the contribution of oceanic water 
during the deposition of the stage 1 primary evaporites. A 
significant dilution effect by meteoric water, first proposed 
by Longinelli  (1979) and supported by Sr. isotope analyses 
(Flecker and Ellam 2006; Roveri, Lugli, et al. 2014 and refer-
ence therein), has been recently reconsidered (García-Veigas 
et al. 2018; Aloisi et al. 2024; Ryan and Raad 2025; Gázquez 
et al. 2026).

Reghizzi et al. (2018) described the precipitation of the primary 
sulfates as a highly dynamic process, characterised by high-
frequency (annual) cyclicity. Low salinity conditions have also 
been inferred from fluid inclusions analyses (Attia et al. 2004; 
Natalicchio et al. 2014; Evans et al. 2015; Costanzo et al. 2019), 
but more recently, Bigi et al. (2022) demonstrated that the pri-
mary gypsum precipitated from a marine brine that was later 
modified during tectonic processes and exhumation.

These apparently contrasting interpretations may reflect the lim-
ited resolution of some investigations, which provided averaged 
or mediated signals. In this context, the Guri I Cifutit record con-
firms the occurrence of short-term climate variability accompany-
ing the precipitation of the Primary Lower Gypsum deposits.

5.4.2   |   The Acme of the Salinity Crisis

The Albanian record of the salinity crisis shows that 
the primary sulfates underwent intense erosion and re-
sedimentation under subaqueous conditions, as reconstructed 
in many Mediterranean basins. Gravity-driven deposits are 
documented only in the deeper settings, both onshore (Peri-
Adriatic Depression) and offshore (Southern Adriatic basin). 
These clastic deposits locally include small halite deposits 
(e.g., Kavaje; Bigi et al. 2024).

FIGURE 9    |    (A) Distribution of evaporites in the Adriatic Basin (modified from Manzi et al. 2020) and location of seismic lines, exploratory bore-
holes, and stratigraphic sections. The PLG unit is present both in wedge-top contexts of the Apennine (Vena del Gesso) and Albanian (inner sector of 
the PAD) chains and in the Adriatic foreland region. The RLG deposits, on the other hand, are located in the Apennine foreland and south-Adriatic 
basin (Albanian foredeep). The Gargano structural high and the Apulian Platform represent areas of erosion/non-deposition. (B) Composite seismic 
section (location in Figures 1A and 9) correlating the Adriatic foreland with the Albanian onshore (peri-Adriatic depression). Light blue indicates the 
pre-MSC sediments, whereas the Plio-Quaternary deposits are shown in yellow. The depocenters of the PLG and RLG units are highlighted along 
the section. (C) The PLG depocenter in the Adriatic foreland intercepted by the Eterno-001, Famoso-001 and Stella-001 boreholes (modified from 
Manzi et al. 2020). Geophisical logs allow to distinguish primary vs clastic evaporitic deposits. A Magnification on the seismic section intercepted by 
the Sparviero 001 bis borehole is also provided.
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A highly debated topic, with important implications for the final 
stage of the crisis, concerns the halite deposition and the associ-
ated sea-level drop, which represents a cornerstone of the deep-
desiccation model (Hsü et al. 1973). Estimates of the magnitude 
of the sea-level drawdown have changed through time (see dis-
cussion in Roveri, Lugli, et al. 2014; Roveri et al. 2025). Recently, 
chlorine isotopes modelling (Aloisi et  al.  2024) suggested that 

halite precipitation occurred after a sea-level drop of about 
0.85 km.

It is worth noting that the primary halite facies are only known 
from the Caltanissetta basin (Sicily), where the shallower por-
tions were almost completely filled by salt. In this basin, a short-
lived subaerial exposure formed within the halite unit and was 

FIGURE 10    |    Evolutionary pattern of the MSC in the Adriatic basin. Grey arrows = tectonic uplift and subsidence; blue arrows = eustatic fluctu-
ations. (A) Stage1—PLG unit deposition in wedge-top settings at the front of the two orogenic ranges (Apennines and Albanian) and in the Adriatic 
foreland. Simultaneous deposition of euxinic shales (FBI) in foredeep contexts. (B) Stage 2—Erosion of PLG unit and accumulation of the RLG unit 
in the foredeep. (C) Stage 3—Deposition of Lago-mare deposits mainly in deep settings. Subsidence of the foreland ramp due to increasing lithostatic 
load related to westward migration of the Apennine chain. (D) End of the MSC—The return to marine conditions with deposition of Plio-Quaternary 
sediments. Wedge-top PLGs are exhumed onshore, while foreland PLGs remain buried offshore.
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rapidly buried by the overlying deposits due to strong subsid-
ence, suggesting that the hypothesis of a very large sea-level drop 
is unlikely. Moreover, the facies analysis of the deep evaporites 
(Hardie and Lowenstein 2004; Lugli et al. 2013, 2015) excluded 
the presence of shallow water to supratidal deposits that were 
used to justify the original desiccation model. From this perspec-
tive, the Albanian record does not provide evidence of significant 
exposure capable of supporting major sea-level fluctuations.

5.4.3   |   The End of the Salinity Crisis

Another highly debated topic concerns the final stage of the 
crisis, particularly the so-called Lago-mare event (Andreetto 
et  al.  2021, 2022) and the supposed catastrophic return of the 
oceanic waters into a desiccated Mediterranean at the base of the 
Zanclean (Garcia-Castellanos et al. 2025; Micallef et al. 2024). A 
comprehensive review of this topic has recently been provided 
by Roveri et al. (2026); to which the reader is referred for further 
details.

Nevertheless, the Albanian record of the third stage of the cri-
sis shows strong similarities with coeval records in the Norther 
Apennines, Cyprus and Spain in terms of (i) cyclo- and physical-
stratigraphic organisation, characterised by a backstepping ar-
chitecture and the absence of erosional feature at the base of 
the Pliocene, (ii) hypohaline faunal assemblages, including the 
typical paratethian assemblages and (iii) isotopic signature, con-
sistent with the typical stage 3 signal. As discussed by Roveri 
et al. (2026), these observations are difficult to reconcile with the 
existence of multiple perched and disconnected basins during 
the final stage of the crisis, and instead support a scenario char-
acterised by relative high sea level allowing interconnections 
among the different Mediterranean sub-basins.

6   |   Conclusions

The integration of onshore and offshore data allows the re-
construction of an Apennines-Albanides evolutionary model 
(Figure  10) matching the 3 stages evolutionary model pro-
posed for the Messinian salinity crisis chronostratigraphy 
(CIESM 2008; Roveri, Lugli, et al. 2014).

During the first phase, similarly to what occurred in the 
Northern Apennines, the PLG unit was deposited in the mar-
ginal basins of the peri-Adriatic depression, Rubjekë (Durres) 
and Guri i Cifutit (Vlora) sections, and in the Adriatic fore-
land and backbulge basins (Manzi et al. 2020). In the Currilla 
(Durres coast) and Kavaje (Bigi et  al.  2024) sections the stage 
1 is instead expressed by an evaporite-free unit made of eux-
inic shales which also occurs throughout the Southern Adriatic 
basin and that can be interpreted as a deep-water equivalent of 
the PLG unit (Manzi et al. 2007); in the Kavaje section, the MSC 
onset (5971 Ma; Manzi et  al.  2013) has been identified in this 
shale interval (Bigi et al. 2024).

The PLG unit, like in the Apennine foredeep basin, is trun-
cated on top by an erosional surface. This surface, that we in-
terpret as corresponding to the Messinian erosional surface 
(MES), can be traced in the deeper portions of the basin at the 

base of the clastic evaporites (RLG) observed in the Kavaje and 
Currilla sections. These deposits derived from the disman-
tlement of the PLG unit, as suggested by the similar isotopic 
strontium signature. Due to the presence of turbidite facies, 
thin shale intercalations, and fine gypsarenite, the Currilla 
section represents the deepest outcropping MSC succession. 
The distribution of the RLG unit can be traced in the south 
Adriatic basin up to the anticlines intercepted by Sparviero 
001-001bis boreholes (Figure 9A).

Finally, the terrigenous succession of the Durres area (Currilla 
section), characterised by coarse-grained deposits reflecting 
an increase of continental sediment input and containing the 
typical faunal assemblage of the Lago-mare, can be correlated 
with the stage 3 deposits. Similarly to what is observed in the 
northern-central Apennines (Roveri et  al.  1998, 2003, 2005, 
2008b), these deposits pass upward to a marly unit of Zanclean 
age marking the return to marine conditions and the end of the 
salinity crisis.
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Additional supporting information can be found online in the 
Supporting Information section. Table S1: List of samples used for pe-
trographic analysis on transmitted light microscope. Twenty-nine stan-
dard thin sections of evaporite, carbonate and terrigenous rocks were 
studied with transmitted light. Among these, 15 come from the Guri i 
Cifutit (Vlore) section and 11 from the Currilla section (Durres coast) 
and 1 Rubjeke section (Preze monocline). Table S2: List of samples used 
for biostratigraphic analysis. A total of 37 samples were analysed, 10 of 
which from the Vlora area and 27 from the Durres area. Samples were 
washed through a 63 μm mesh sieve and the fraction > 125 μm was used 
to perform qualitative analyses. Table S3: List of samples used for geo-
chemical isotopic analysis. Ten samples from evaporites and from hypo-
haline mollusc assemblages have been analysed for 87Sr/86Sr. 
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