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Abstract

Through several examples we show that followingleeal fall and marginal erosion during
the Messinian salinity crisis (MSC), clastic inpuit the eastern and western Mediterranean
Sea are not distributed evenly in space and tineugumainly limited to the lower section of
the Messinian salinity crisis depositional megasege. Significant similarities around the
basin allow us to propose a Mediterranean Messisadinity crisis depositional episode that

can be divided into two seismic megasequencesvitresinian lower megasequence (MLM)



and the Messinian upper megasequence (MUM). Thsiindtive seismic facies correspond
to systems tracts deposited during three main sttge represent a complete sea level cycle.
(1) A falling stage systems tract including masmsport deposits and forced regressive
clinoforms deposited iin the early part of the falling stage, and related to the increasing rate
of relative sea level fall. This stage is charazesl by a marked shift in the depocenter
towards the deep basins. (2) An early lowstandasgitarized by massive clastic inputs from
major Messinian rivers (the Rhone, Nile, and Ardayulf rivers) or smaller river systems
(offshore south Lebanon). These clastics were diggbsn an oversaturated basin, as
evidenced by the interfingering chaotic and transpiaseismic facies of the Messinian lower
megasequence (MLM). (3) A late lowstand, startinthwapid deposition of massive halite,
with no detrital inputs into the deep basin. Theampart of the evaporites clearly onlaps the
Messinian erosional surface at the margins andiideace for a transition between a late
lowstand stage and an early transgressive stagseTdeposits belong to the Messinian upper
megasequence (MUM). We interpret the transitioowbeh the two megasequences as the
peak of the “salinity” crisis, the end of the r@latsea level fall, and the maximum dispersal

of sands into the deep Mediterranean basins.
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megasequence (MLM), Messinian upper megasequenddijivdual low stand.

1. Introduction
The Messinian event and its repercussions have theesubject of renewed interest both in
academia and industry in recent years. MSC paleacgaphy continues to be one of the

most fascinating topics in its own right, but thatgntial existence of petroleum systems in



the subsalt pre-Messinian successions in both reaatel western Mediterranean provinces
has also piqued the interest of industry (Belopplekal., 2012; Roveri et al., 2014). The
MSC was triggered by a combination of tectonic alhatic mechanisms and its effects on
Holocene margins are still being felt in terms eed karsts (Audra et al., 2004), recent slope
instabilities (Savoye and Piper 1991), and Quatgrsabmarine canyons that occupy old
topographies (Tassy et al., 2013 and 2014). Aptak of the MSC, the depocenters shifted
to the deepest basins (Chumakov, 1973; Ryan, 1B&&er, 1981; Clauzon, 1982; Gorini et
al., 2005; Lofi et al., 2005). Old seismic profilesthe deep Mediterranean basins suggested
the presence of evaporites on the seafloor (Mauffi@68; Ryan and Hsu, 1970; Mauffret et
al 1973; Montadert et al.,, 1978), and these weorirgi-truthed in 1970 by the Deep Sea
Drilling Program (DSDP) (Ryan, 1973). Since thdmwee more drilling expeditions (DSDP
Leg 42: HsU et al., 1978; ODP Leg 107: Kastensletl987; ODP Leg 161: Zahn et al.,
1999) were able to sample only the upper venegh@fMessinian upper unit (Lofi et al.,
2011b; Fig. 1). The lower part of the Messinianmsl crisis (MSC) megasequence was only
poorly seismically imaged (e.g. Hsu et al., 1978d 2973b; Ryan, 1976; Hsl et al., 1978a;
Ryan and Cita, 1978; Mart and Ben Gai, 1982; G&dluiand Almagor, 1987; Stampfli and
Hocker, 1989; Savoye and Piper, 1991; Escutia ardddhado, 1992), until extensive
hydrocarbon exploration in the offshore Mediter@mebasins in the last three decades
increased both available high-quality seismic linadg well log data. These advances led to
new interpretations and publications (since the @88®0: Guennoc et al., 2000; Lofi et al.,
2005; Sage et al., 2005; Bertoni and Cartwrigh@&Maillard et al., 2006; Netzeband et al.,
2006; Schattner et al., 2006; Bertoni and Cartvirigh07a and 2007b; Lofi and Berné; 2008;
Bache et al., 2009; Ghielmi et al., 2010; Urgelealg 2011; Garcia et al., 2011; Lofi et al.,
2011a and 2011b; Maillard et al., 2011; Obone Ziar@e et al., 2011, Bowman, 2012;

Geletti et al., 2014; Gaullier et al., 2014). Ire teastern Mediterranean Sea, the Messinian



evaporites in the Nile cone and the Levant areae baen the subject of a number of studies
focused on the depositional context of the evapsr{Mart, 1982; Druckman et al., 1995;
Buchbinder and Zilberman, 1997; Manzi et al.,, 2048y the post-evaporitic structural
deformation (Garfunkel and Almagor, 1987; Abdel &akl., 2000; Loncke, 2002; Hubscher
and Netzeband, 2007; Cartwright and Jackson, 280Bscher and Dimmong, 2011; Reiche
et al.,, 2014). However, there have been few attengomake a detailed comparison of the
stratigraphic architecture of Messinian depositgha eastern and western Mediterranean
(apart from the Atlas, by Lofi et al., 2011a). Thisper presents a general pan-Mediterranean
scenario for the Messinian erosional and saliniigi< that could alter our view of the
potential presence of hydrocarbon reservoirs. bhiteh, it could help plan academic IODP

drilling locations in both the western and eastdediterranean.

2. Brief review of knowledge of the different sub-basins

The sequestration of the Mediterranean Sea fromatljacent oceans at the end of the
Miocene caused significant evaporation of seawated increased the evaporitic
concentration of the Mediterranean Sea (Blanc, 2@006; Meijer and Krijgsman, 2005;
Meijer, 2006; Gargani and Rigollet, 2007; Garganale 2008). As a result, a thick (up to 2
km) sequence of evaporites was deposited in theeiceh its deep basins (Hsu et al., 1973;
Cita, 1973; Ryan, 1973; Garfunkel and Almagor, 198his deposition coincided with
intense subaerial erosion of the basin margins i@@&n1952; Barr and Walker, 1973;
Chumakov, 1973; Clauzon, 1973, 1978, 1982; Gvirtzraad Buchbinder, 1978; Hsu et al.,
1978a; Ryan and Cita, 1978; Barber, 1981; SavogePaper, 1991; Druckman et al., 1995;
Guennoc et al., 2000; Lofi et al., 2005; Ryan, 20Bfche et al., 2009). The Messinian
salinity crisis ended with catastrophic re-floodifigarcia-Castellanos et al., 2009; Estrada et

al., 2011). However, it took a few million years feedimentation in the Mediterranean to



rebuild its slopes and shelves to the modern aaeM8C configurations (Lofi et al., 2003;
Urgeles et al., 2011; Leroux et al., 2014). Conterapeously, Messinian valleys and canyons
identified on seismic lines and in drill cores, wénfilled and buried (Druckman et al., 1995;
Buchbinder and Zilberman, 1997; Guennoc et al. 0200he amplitude of the sea level rise
that led to the reestablishment of marine cond#tionthe Mediterranean is attested by the
geometries of the deltaic progradational-aggradatiavedges above the MES (Lofi et al.,
2003; Duvail et al., 2005; Gorini et al., 2005, t&eus and Kneller, 2009; Hawie et al.,
2013b, Leroux et al., 2014). In addition, clinofogeometries are good paleodepth indicators
(Urgeles et al., 2011; Rabineau et al., 2014) pinavide an estimated sea level rise of 800-
1000 m (above the last Messinian lowstand pale@sposition, Leroux et al., 2014). Since
the Oligocene, the Levant margin and basin sedisnkave been sourced mostly from the
Nile (Hawie et al., 2013b; Tibor et al, 1992; Drowkn et al., 1995, Fig. 1). Sediments in the
western Mediterranean basin mainly originated ftammRhone and Ebro since the Tortonian
(Gorini et al., 2005; Lofi et al., 2005; Bache &t 2009; Garcia et al., 2011; Urgeles et al.,
2011; Estrada et al., 2011; Fig. 1). The paroxysthe® MSC started around 5.6 Ma (CIESM
Consensus Report, 2008). The debate concerningntipditude of sea-level drop associated
with this crisis continues (see for example: Lugjlial., 2013; Roveri et al., 2014). Also, the
amount of erosion and clastic input in the deepnbiasnot wholly agreed upon (see e.g., Lofi

and Berné, 2008 vs. Bache et al., 2012).

3. Imaging the Eastern Mediterranean Messinian Deep Basin

3.1. The NW Levant Basin: A stratigraphic type section

Understanding the seismic stratigraphy of the Measievaporites is challenging in that it is
often hindered by the ductile state of the mobifet MU) and its subsequent internal

deformation [(e.g., in the Herodotus Basin (Lonekel., 2006) or next to the Levantine



eastern margin (Netzeband et al., 2006; HiibschetiDairmmong 2011; Reiche et al., 2014)].
Nevertheless, most of the Levant basin remainserathdeformed. Therefore, investigating
the Levant basin is crucial to unravelling the tagraphic evolution of the Messinian
evaporites.

Figure 2 shows the seismic stratigraphic subdimsiosed along a seismic profile located in
the NW Levant basin (Fig.2a). Five major units ¢enidentified within the 1,500 m thick
layer of Messinian evaporites (Fig. 2b).

- Unit A is limited to the base and top by high-drale reflectors. The configuration of the
internal seismic facies is similar to the underyiNliocene units, with presumably high
detrital content. The base of the Messinian s#licitsis (MSC) depositional sequence can be
identified exactly at the base of Unit A (see F@s.and 3b, and the discussion section).

- Unit B is transparent, with intercalations of Inigequency reflectors. Deformation is visible
within this unit, indicating the presence of mohilgctile materials (i.e. halite, Hilbscher and
Dummong, 2011).

- Unit C is composed of a set of high amplituddebrs separated by more transparent
intervals that may represent halite. The natur¢hefhigh amplitude reflectors is uncertain
(e.g. acoustic impedance contrast between evaparft@lifferent nature or detritic levels).
Results of the inversion of seismic data collectethe northern Levantine basin suggest the
presence of clastics (Fig. 2c, Montadert et al1,420

- Unit D is similar to Unit B with transparent seig facies indicating another mobile unit
(halite deposits) with some intercalated high festpy reflectors that are more frequent
towards the top of the unit.

-Unit E is characterized by high frequency reflest@ointing to high frequency hydrological
changes at the top of the MSC Megasequence. Thiscarresponds to the uppermost

stratified Messinian unit ME V previously describdy other authors (HUbscher and



Dummong 2011Dummong and Hubscher, 2011; Gvirtzman et al., 2&RE¢he et al., 2014).

It shows reduced refraction velocities (3,700-3,608), suggesting intercalated gypsum and
clastics. A high amplitude reflector marks the tdpunit E (Top erosion surface: Hubscher
and Dummong 2011; Reiche et al.,, 2014) and the deynwith the Pliocene sediments
characterized by low seismic velocities (2,600rG/¢irtzman et al., 2013).

Other authors agree with a basic subdivision of #secession into five main units
[(Netzeband et al., 2006) see also: (Cartwrighalgt2012) on the Israeli margin with their
M1-M5 units], although six units have been desdtiloe the westernmost part of the basin
[Bertoni and Cartwright, 2007 (T1-T4 and L1-L2); bther et al., 2008; Cartwright and
Jackson, 2008; Malillard et al., 2011; DiUmmong attdd¢her, 2011; Gvirtzman et al., 2013].
These areas show thin-skinned salt tectonic agtivit

In the northern part of the Levant margin, the @nehdrainage basin is characterized by
carbonate dominated rocks and restricted riveregyst(Hawie et al., 2013a, 2013b), which
limit siliciclastic inputs. Offshore the Lebanon rge, the Messinian clastics are limited to

the lower slope and the lower half of the evapanterval (Fig. 3b).

3.2. Correlation with the Nile margin: Thick clastic unit at the base of the Messinian event

In the Nile deep sea fan in the Herodotus Basingid®rable amounts of sediments have been
deposited along the Egyptian margin since the ©kge (Fig. 1). The Messinian sea level
drop increased the role of the Nile as a conduiséaliments. Subaerial erosion affected large
areas of the former Miocene Nile cone (Montaderlgt2014). Seismic profiles suggest that
during this period as well as during the Pliocetss®ocene, most of the sediments were
diverted westward by the prominent Eratosthenesiroemtal block (Montadert et al., 2014;
Fig.1). The seismic lines (Fig. 4b and 4c) in tlosvdr part of the Nile cone display

intercalation of a large, thick clastic unit (abdy000 m thick) at the base of the MSC



megasequence. This unit corresponds to the Messioastand Nile delta-fed clastics
(gravity flow deposits). In detail, stacked chanoeiplex systems characterize this seismic
facies (Montadert et al., 2014).

The change in the lateral facies between thisicldsiposits (low frequency, high amplitude,
low continuity reflections) and halite (transpareetsmic facies), which is clearly visible in
Figs. 3b, 4b and 4c, is evidence that these ctasticumulated in a restricted hypersaline
Messinian basin. Messinian clastics were erodeunh fiiee shelf margins and redeposited in
the deep basins during the early stages of the tUppessinian sea level drop. They
interfinger with evaporite deposits and therefasdyfbelong to the MSC event. Caution is
therefore called for in defining the base of the @18vent on seismic profiles in the deep
Mediterranean basin, e.g., choosing the base dfdhneparent layer (halite) as the base of the
Messinian salinity crisis deposits, particularly firont of the big rivers, would lead to
false/incomplete interpretations. Hence the batbedoMSC event must be located at the base

of these high frequency reflections.

3.3. Correlation with the Florence Ridge: the Antalya Basin

The Antalya Basin is located north of the FloreRegge (Biju-Duval et al., 1978, 1979; Fig.
5a) and is part of the Cyprus arc system. Thisnbasis formed after the emplacement of the
Cyprus arc during the Late Cretaceous and lateltedifby a thick Cenozoic cover with
sediments sourced from Turkey (Fig. 1 and Fig. Bhijck Messinian evaporites are observed
in this basin similar to those seen in the nearleyodotus Basin (Fig 5b). The Antalya and
Herodotus basins used to be connected, whereageddVessinian islands persisted along
the Florence Ridge (Biju-Duval et al., 1978, 1979).

In the seismic profiles (Fig. 5b), the same strapyic stacking pattern can be seen as in the

Levant Basin (Fig. 2b and Fig. 3b). Continuous ewftrs (Unit C) can be observed in



between more transparent facies (Units B and Djntexpret as halite). Fig. 5b depicts a
large clastic body that laterally corresponds tat¥JA, B and C. It isconsequently located
within the lower half of the MSC depositional megasence. The top of sequence C marks
the transition from the lower part of the MSC megpgence, where clastic inputs dominate,

to the upper part of the MSC megasequence, whegoeites dominate.

4. Geometries and facies distribution in the western and eastern Mediterranean: a
comparison

The MSC seismic stratigraphy off the Rhone Rives wafined by Ryan et al. (1973), Bessis
(1986), Bache et al. (2009), Ryan (2009), Lofile(2011a, 2011b). Differences in facies and
geometries between the western and eastern Mexdhieamn were identified by these authors.
The MSC megasequence is commonly subdivided imethnits: the lower unit (LU), the
mobile unit (MU) and the upper unit (UU). Howeveve propose to subdivide the thick
megasequence into two layers in both basins tlatamparable in terms of thickness and
seismic signature (Fig.6a and Fig.6b): the Messimiaver megasequence (MLM) and the
Messinian upper megasequence (MUM). An improvedetation between the two deep

basins is provided here.

4.1. The MSC Lower Megasequence (MLM)

In the eastern Mediterranean the A, B and C subuwam¢ grouped in the Messinian lower
megasequence (MLM). In front of the biggest Massirrivers, like in the distal part of the

Nile Messinian cone, or off the Rhone deep seatfam,MLM unit is imaged by a chaotic

seismic facies we interpret as stacked systemaxa@dsilicoclastic sediments and evaporites.
In the eastern basin, units A B and C are stackemhe seismic facies in front of the Nile,

Levantine and Antalyan rivers (Figs.3b, 4b, 4c &bJl The seismic facies and the thickness
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of this lower unit resemble those of the lower yhlt) described by Bache et al. (2009) and
Ryan (2009) in the western basin (labelled 2 in Ba). Note that the LU described by Bache
et al., (2009) is much thicker than the LU desatilby Lofi et al., (2011a). In the western
basin, this unit is up to 2.5 km thick using ESHoeiy (Leroux, 2012). We interpret the
complex features and internal erosions in botlRhene deep sea fan and in the Nile cone as
channels (labelled 2 in Fig. 6a and Fig. 6b). Om of this MLM, chaotic facies are also
visible (labelled 5 in Fig. 6a) and that we suggestthe result of instabilities triggered by the
rapid sea level drop (Gargani et al.,, 2014),whicks vgtill underway at the peak of the
Messinian crisis. As stated in section 3, the gean the lateral facies from high-amplitude
seismic facies to the transparent seismic facigbaneastern basin (Figs. 3 to 6) shows that
the clastics were redeposited in a hypersalinerenment. High P wave velocities in the
Messinian lower megasequence, point to the probaltdenation of evaporate sedimentation
and clastics in both the western Mediterraneanollber 2012) and eastern Mediterranean
(Montadert et al., 2014). The explanation for thaffernations is that in front of the big
rivers, saline concentrations were diluted by feigé riverine water leading to the deposition
and intercalation of shale, gypsum and halite. this interpretation, clastic deposits are
synchronous with the deposition of evaporites endbep basins.

Upslope, high angle clinoforms have been descrifgamche et al., 2009; Leroux, 2012,
labelled 1 in fig. 6) with an underlying surfaceroérine erosion (regressive surface of marine
erosion, RSME). We interpret these clinoforms azdd regressive deltas related to the
increasing rate of MSC sea level fall. Similar (Ismaller) forced regressive systems have
been described on the outer shelf and were dedoditeng the glacio-eustatic falling stages
in the Late Quaternary (Berné et al., 2004; Rahinetal., 2005, 2006) and were later
ground-truthed by drilling (Bassetti et al., 2008hese forced regressive deltas are related to

100,000 year glacio-eustatic cycles with an ovesal level fall of 120 m. The observed
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Messinian prisms are located much deeper and neaead on the slope, with steeper
clinoforms, indicating a much larger drop in seeele(Bache et al., 2009; Urgeles et al.,

2011), i.e. between 800 m and 1,500 m.

4.2. The Messinian Upper Megasequence (MUM)

We divide the MUM into two corresponding to unitadd E in the eastern Basin (Figs.3b, 4b,
4c and 5b) and to the mobile unit (MU, labelledh@-ig.6a) and upper unit (UU, labelled 7 in
Fig. 6a) of (Lofi et al., 2011a, 2011b) in the vegatbasin. In the western and eastern area, the
MUM is comparable in terms of thickness (0.5 TWhdaseismic facies (high amplitude
reflections on top of a thick transparent unit).dietail, the top of the MUM shows lateral
variations, e.g., transparent facies between highplitude reflections (Reiche et al., 2014;
Geletti et al., 2014; Fig. 5b). In the western basie upper part of the MUM clearly onlaps
the Messinian canyons and the incised valleys (Fig.This architecture has already been
described in proximal settings throughout the washMediterranean (Montadert et al, 1978;
Sage et al., 2005, Lofi et al., 2011a, 2011b; Figs.7b, 7c) and the eastern Mediterranean
(Gargani and Rigollet, 2007).

The top of the MSC megasequence has been strorgglgckin most parts of the eastern and
western deep basins. For example, on the FloremgeRvest of the island of Cyprus, the
thick Messinian evaporites are clearly eroded, Itiesuin a flat surface (Fig. 8). The same
substantial erosion of the top of the MSC megasecpiés also visible in the western basin

(labelled top erosional surface, TES on Fig. 6, a”)

4.3. Partial ground-truthing

A review of drilling sites and samples in the Medianean shows that:
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1- In medium water depths (~1,500 m; Sites 371,, 35 376 and GLP2, Fig.1) the
intercalation of sands, marls, gypsum and haliseatterize the upper part of MUM (labelled
7 in Figs. 6a and 6b). These evaporites onlap teesiiian maximum regressive erosional
surfaces (MES in Fig. 7c). In the most proximal tpaf the margins, this sequence
corresponds to aggrading fluvial conglomeratic &#&go(Fig.7c) during the late MSC
lowstand related to a drainage network with tribetg terraces and meandering rivers, i.e.
the incised valley fill described by Savoye andaeip(1991) and Urgeles et al., (2011).

2- The Mediterranean reflooding was much more eeotian often described, even at great
depth. In most drill cores, the upper part of thelM revealed reworked evaporitic deposits
and sands deposited during the uppermost Mess{Bid6-5.33 Ma, Bache et al., 2012).
These observations are consistent with an eanlyeslapparent transgression inducing wave
ravinement reworking (with sands and evaporited)oieed by the rapid and erosive

reflooding event (Garcia-Castellanos et al., 2@8rada et al., 2011).

5. Proposed conceptual model

Based on our observations and on our interpretatidhe new seismic lines, we assume that
the complete sedimentary record of the MSC is pvese only below the present-day
Mediterranean seafloor of the deep central ba3ins.deep central Messinian basins (Fig. 1)
match the present-day Mediterranean slopes angdlailains around the Ligurian-Provencal
Basin (30 My old basement) and the eastern basathy$ian basement). Peripheral and
intermediate basins accessible in the field andrde=d in the literature refer to their position
with respect to these deep basins. A set of teras taken from the sequential stratigraphy
(Catuneanu et al., 2011) to facilitate the desonpaind the proposed interpretation, but the
Messinian depositional megasequence requires thmitbem of a model-independent

methodology for the deep Messinian Mediterraneainbavhich was disconnected from the
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global ocean during the MSC and characterized giaat salt deposit. We have divided the
MSC depositional megasequence associated with gletanrelative sea level (RSL) cycle
into two MSC sub-units of the same RSL cycle inhbibte eastern and western deep basins,
and we have refined the earlier observations (&bél., 2011a).

The Messinian Lower Megasequence (MLM)

The onset of the MSC relative sea level fall is kedrby a regressive surface of marine
erosion (RSME, Fig. 10). Mass transport compleX3Gs) and forced regressive prisms
(labelled 1 on fig 10) are visible at the transitioetween the slope and the deep Messinian
basin. Clastics were deposited at the mouth ofitseMessinian incised valleys. The RSME
is an erosional truncation we interpret as scarseyda slides triggered by the high rate of the
sea level fall at that time. The thick chaotic seds facies at the transition between the
Miocene slope and the deep basin (labelled 1 in &jigs evidence for the occurrence of
instabilities during the uncommonly high rate angpatude of sea level variation during the
MSC megacycle. In the deep basin, the continuaifdhis surface is a correlative conformity
(MES-CC*, Fig. 10) in the sense of Posamentier Alheh (1999) and defines the base of the
MLM in the deep basin. In the distal part of thg loieltas, the MLM is characterized by
seismic facies we interpret as deep-water cladgp®sited in a hypersaline environment. The
major drop in sea level occurred when the connestwere restricted, at 5.6 Ma according to
a now widely accepted time model, CIESM (2008). édbations from paleoshelves indicate
high rates of erosion of at least 1 km during thiene (Lofi et al., 2005; Rubino et al 2005,
Bache, 2008; Bache et al., 2009); more recentiyntified at 1.3 km (Rabineau et al., 2014).
The high rate of the sea level fall, coupled withigh sediment flux in front of major rivers,
led to a strongly decreasing accommodation/sedirmgoply ratio. This paper shows that in
the deep eastern Mediterranean basin, the faltagess clearly associated with the beginning

of evaporite/halite precipitation, the subsidenicthat time allowed the accumulation of more
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than 2,000 m of mixed silicoclastic/evaporitic sednts (early low stand). We envisage
deposition occurring below relatively deep-watenditions (600-1,000 m below wave base)
with a coeval Mediterranean-wide halite depositidn.this scenario, halite accumulated in a
subaqueous environment during the sea level drdptardeposition was ended by a guasi
instantaneous salt precipitation on top of the LowMessinian megasequence. We
hypothesize that the strong net evaporation, wbaitentrated Mediterranean seawater prior
to drawdown, resulted in this rapid precipitatidnhalite at the lowest sea level. The strong
acoustic impedance contrasts within eastern halé@posits (Units A, B and C) were
interpreted as clastic intercalations (Bertoni a@drtwright 2007b, Figs. 2b and 2c).
Tributaries located around the margins were thecgoof clastic and meteoric waters (Figs. 4
and 5). These facies were previously interpretethidmsdite deposits due to their distribution
at the mouth of Israeli canyons (Lugli et al., 2DHE3d Lebanon canyons (Hawie et al.,
2013b). On the Levant margin, canyon incisions vgengerimposed on preexisting canyons
(Druckman et al., 1995; Gardosh et al., 2008; Haatial., 2013b). Israeli canyons are filled
by MTD deposited interpreted by others as subacueoavity flows (reworked evaporites
and clastic sampled in Mavqi'im and Be’eri evapesijtLugli et al., 2013). We hypothesize
that these “gravity flows” (mass transport depgstsginated during the initial falling stage
and are coeval with the MLM depositional sequentas is not incompatible with the
formation of subaerial incisions upslope (vallegal the later development of a widespread
erosion surface characterizing the Mediterraneawvidl network on platforms at the
continental margins (Rubino et al., 2010). Largalesenass wasting processes along the shelf
margins and slopes following or coeval with the Miegn drawdown are reported all around
the Mediterranean (Gargani et al., 2014, Bowmath20

A combination of several sea level drawdown evemthe Mediterranean, associated with

limited seawater inflow and continuous river disgje is needed to explain the quantity of
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evaporites deposited in a very short time and ceulalain the alternation between clastics
and evaporites suggested by the indentation betMmmsinian Nile lowstand and salt (Figs.
4b and 4c).

In the saline eastern basin, the top of the MLMe&gmonds to unit C. This group of reflectors
at the top of the MLM constitutes a sharp regiamltrast between the MLM and the MUM
(Figs. 2 b and 2c, 3 to 6). Based on seismic viésciother authors have interpreted this
stratified unit as embedded clastics, or a monatetil facies, such as limestone, anhydrite, or
high salinity deliquescent facies (Sylvinite, Cdliteg Vp 3-3.9 Km/s eg. Bertoni and
Cartwright, 2006; Hubscher et al., 2008; Lofi et &011a). Several hypotheses can be
proposed to explain the nature of the transitionvben the MLM and the MUM throughout
the Mediterranean (Figs. 2, 3 and 5). A layeredrsi facies is widely observed in evaporitic
systems and has generally been linked to changdishalogy, i.e. to the alternation of
bitterns, dolomite, anhydrite, halite and/or sdlastic sediments (e.g. Upper Permian basin in
the North Sea: Birrel and Courtier, 1999; Aptiaragorites of the Santos basin: Gamboa,
2004). A definitive interpretation of the seismacies is not possible at this stage, and will
require direct well calibration. Nevertheless, wegmse a theory to explain the nature of the
transition between the two seismic megasequendas.sharp reflectors at the top of the
MLM are either detrital or diluted sediments. Ither case they correspond to the increase in
the influx from the rivers around the Mediterran@aa period when the connections between
the deep basins and the world oceans were atdeastisly limited. When the sea level was
at its lowest, the salinity concentration and tli Df clastics and meteoric water in the deep
basins were at their highest. Moreover, the infhaxn North African rivers to the basin may
have been higher at that stage due to a major enangonsoon intensity after 6.2 My (Colin

et al., 2014).
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Our observations (Figs. 2, 3, 4, 5, 6) suggest tthattop of the MLM corresponds to the
maximum spread of clastics and meteoric waterendiep MSC basins. This “turning point”
is equivalent to the correlative conformity in tbense of Hunt and Tucker (1992), which we
interpret as the peak of the “salinity” crisis. Télastics fans in the deep basin (2 in Fig. 10)
and the evaporites (3 in Fig. 10) are comparabtbdcearly low stand systems tract described
in the Exxon models (Catuneanu et al., 2011). THeViMlepositional sequence generated
during the MSC falling stage thus corresponds teay low stand deposited during a high
rate of MSC relative sea level fall. MLM clastimfaand evaporates are the equivalent of a
falling stage systems tract (FSST in Fig. 11, Caaunu et al., 2011) at the scale of the MSC
depositional megasequence (more than 2,000 m oheatk).

The Messinian Upper Megasequence:

Significant changes in the paleogeography of thelilddeanean Sea at the end of the MSC
led to the reorganization of the atmospheric cattah and drier conditions over North Africa
(Colin et al., 2014). At that point, salt startedprecipitate, probably very rapidly (lower part
of the MUM).

The MUM has already been described by other autthafs et al., 2005; Bache et al., 2009;
Lofi et al., 2012) and has been partially drillddta top (Fig. 9). It consists of a transparent
unit (halite, e.g. a mobile unit, Lofi et al., 2@)land a more diluted facies at the top (Unit E,
alternations between gypsum and fine marine clgstipper unit described by Lofi et al.,
2011a).

The characteristic transparent seismic signatureghef MUM is due to the prevailing
conditions when the river flux into the basin wamimal. This points to a major change in
the depositional environment, e.g. (1) detrital enat that was trapped upslope due to a rapid
increase in accommodation coeval with the rapictipration of salt (relatively reflection-

free seismic facies resulting from a very high mitéalite precipitation) infilling canyons in
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their deeper parts; (2) a change in the climataace arid conditions; (3) rivers reached their
base level. Even if the onset of the MSC was ilytiaffected by the tectonically-driven
reduction in the hydrological exchange with theafstic Ocean, some authors point out that it
was finally triggered by glacial conditions in therthern Hemisphere and by arid conditions
in North Africa around 5.55 Ma (Manzi et al., 20Bpveri et al., 2014). At that stage, the
MUM (and its deposits labelled 5 and 6 and 7 in Ty started to be precipitated/deposited
on a flat Messinian “erosional or bypass surfagetap the intermediate basins seafloor (of
which the bottom was located near the Messiniae bagl) e.g. the Valence basin (Maillard
et al., 2006; Garcia et al., 2011), the Algeriaribdsee Fig. 3 in Lofi et al., 2011a, and Fig.
10), and the Sicilian basin (Bowan, 2012; Rovealgt2008, 2014).

Whatever the reason for this change in the depositi environment, salt/evaporites
continued to precipitate in the deep basins uhtl dea started to transgress widely. This is
illustrated by the seismic facies and geometrighatop of the MUM (Figs. 7 and 9). At that
stage, evaporites (gypsum and salt (Geletti et28l14, Fig. 9)) altering with marls/shales
(Fig. 9) started to be deposited in the “deep Bigsaussing upslope to late lowstand aggrading
fluvial conglomerates infilling the Messinian valte(Fig. 7c, Maillard et al., 2006; Urgeles et
al., 2011; Sage et al., 2005; Obone Zue Obame,(l1; Sage and Déverchere, 2011). The
MES-CC** (correlative conformity of the MES, in theense of Hunt and Tucker (1992) in
Catuneanu et al., 2011, Fig. 10) is the base oMub&l. The mobile unit (labelled 5 in Fig.
10), the upper unit (labelled 6 in Fig. 10) and tlwial incised valleys fill (7a on Fig. 10)
onlapping the MES surface were coeval with an ML Rse (low rate). During this event,
the deep basin was still restricted and the accosatiem space was rapidly filled by the
evaporites. Thus the evaporites and fine classicalés) of the MUM correspond to the MSC
late lowstand systems tract (LST in Fig. 10). Ad thp of the Messinian upper megasequence

(MUM) transgressive marine sands (7b) and mateeiatorked by the giant reflooding (8)
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were deposited during an early transgression. rhhgine ravinement surface eroded and
flattened the irregular morphology of the MES (Garcia et al., 2011; Bache et al., 2011). In the
eastern basin, the Messinian upper megasequencassasiated with sequences D and E of
the type section of the NW Levant Basin (M-1V, MEME-VI of Dummong and Hubsher,
2011). This late lowstand onlapping (aggrading)tie® margin progressively hindered the
arrival of clastic material in the basin (appareansgression). The late stage of this lowstand
was characterized by an increase in base level entap onto the MES of evaporites/or
clastic materials [Fig 7; Lofi et al., 2011a (Fi, Luigli et al., 2013 (Fig. 7); Geletti et al.,
2014 (Fig.12)]. The dilution and shift towards arajgorite series mainly composed of marls,
anhydrite and salt occurred in the later stagdmth the western and eastern basins, although
it is more obvious in the western basin. During dieposition of fluvio-deltaic clastics of the
uppermost Messinian upslope in the incised vall@yig 7c, labelled 7a on Fig. 10), a
minimum water level most likely persisted downslapethe deep basins, meaning that
complete desiccation did not take place (Hardiel bowenstein, 2004). During the MUM
deposition in the deep basin, Messinian contindiatzks were full lacustrine when perched
lakes were disconnected from the deep basin. Thabi#ty in depositional environments
during the MSC depositional megasequence explamyariety of Messinian seismic facies
[e.g. the bedded unit (BU)], Maillard et al., 20@ennoc et al., 2011; Thinon et al., 2011).
At the peak of the MSC, the currently visible erosion of the upper part of these facies interpreted

as lago-mare facies (Bowman, 2012juld have been caused by the rapid draining of the
perched lakes (Thinon et al, 2011). A recent model establishes an interesting scertagt
attempts to correlate these intermediate settingys avdeep setting (Roveri et al., 2014).
However these authors based their models on in@mpeismic records of the MSC (Lofi et

al., 2011a and b).
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As our first conclusion, we propose that the Masasirsedimentary evolution of both western
and eastern basins was similar. Therefore, we gm0 regional model that unites the
western and eastern Mediterranean (Fig. 10). Thisleinis based on observations and
previous works throughout the Mediterranean andntiaegins outlined above: Strong net
evaporation concentrated Mediterranean seawateceasl with drawdown and resulted in
the rapid precipitation of halite during the seaelefall, with an optimum marking the
transition between the top of the Messinian lowegasequence (MLM) and the Messinian
upper megasequence (MUM). We assume that the rapiling of the Messinian
accommodation by clastics and evaporites in the #esin resulted from a marked reduction
in the seaway connections at the Gibraltar arcoregit 5.6 Ma. This ended with the
reconnection/reopening of the world’s oceans vea @ibraltar Straights at around 5.46 Ma.
However, without a proven age model, it is riskygtee ages to this sequential interpretation.
The variability of facies throughout the Mediterean basin, including the variations in the
thickness of the mobile unit, can be explained by:

1) the paleogeographic position of the basins hauot thargins during the MSC,;

2) by the presence or absence of large clasticnagtdoric water pathways flowing into the
saline basins.

From 5.97 to 5.6 evaporites precipitated in shalda-basins (Manzi et al, 2013); the MSC
peaked when evaporite precipitation shifted at @m6the deepest depocenters and the
peripheral basin started to be eroded (purpleiaray. 10; Topped by the MES);

The two major seismic megasequences in the two telednean deep basins correspond to
five major stages: (1) an initial stage of progmessncrease in salinity; (2) a falling stage
with detrital and evaporite deposition; (3) a |etestand with rapid precipitation of salt, (4)

the final stages of the MSC with a decrease imggldue to the beginning of dilution, (5) an
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early transgressive stage with the deposition ofimeasands. This Messinian depositional
megasequence ended with a reflooding coeval withrédwide rise in sea level (5.46-5.33)
The Messinian lower megasequence (MLM) correspomdsrapid relative sea level fall in a
hyper saline deep basin. The water column stilleggnted by 500-1,000 m of dense water.
The systems tract associated with this seismic seggeence is characterized by: (1) forced
regressive deltas and instabilities (upslope scantsMTD in the basin and canyon flanks),
(2) widening of canyons and the deposition of tdites in front of the big deltas. River
profiles tended to readjust with time leading t@ ttontinuous generation of Messinian
subaerial erosional surfaces (MES in Fig. 10) gm @b peripheral basins (PB in Fig. 10).
Clastic sedimentation was not distributed evenlgravme but was localized in the MLM
(eastern basin and northwestern basin) and thesdiepoof deep sea fans located in front of
major deltas/canyons in the deep basins (2 in E@. was synchronous with the first
evaporite deposition in the eastern basin (seisaties) and probably synchronous with the
evaporite deposition in the western basin (basedaimic velocities and detailed seismic
facies). All the Messinian depressions shallowemtii, 500 m became subaerially exposed
after the maximum drop in the base level, and umeet erosion and/or eventual bypass. The
basinward extension of the MES, i.e. its corre@atontinuity, in front of the big Messinian
river canyons will likely be traced to a much lowgssition than previously defined. The
deposition of MLM massive evaporites and detritalsulted in significant loads and predicts
differential accelerationof basement subsidence between the young westermsbasi
(Oligocene-Aquitanian) and the eastern deep bastatéd on Tethysian remnants. The
differential subsidence between deep basins andplaform as well as the sea level drop,
caused major instabilities. The sharp transitiotwben MLM and MUM is coeval with the
lowest sea level that occurred in the Messinian angge. The MUM corresponds to an

apparent base level rise with onlaps on the MSGi@nal surfaces. This can be linked to a
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constant marine water flux leading to the depasitad thick halite in both basins and
reducing influxes from rivers. The MUM constitutes upper succession of shallow to
moderately deep-water deposits (5, 6, 7, 8b, 8Rign10). Geometrical features and seismic
facies in the dataset are evidence for an incrgasatommodation/sediment supply ratio
during the deposition of these “upper evaporitddiis aggradation was commonly coupled
with maximum regression. From these observations, imterpret this complex MUM
megasequence as a late lowstand. This stage lsauwédbegun with a period characterized by
large-scale environmental fluctuations in a Med#erean transformed in some places to
brackish water (suspended lakes in an intermeghiasition between the peripherals basins
and the deep basins) and the rapid precipitatioomas$sive halite in the deep settings,
controlled by a drier climate. MUM could correspotedthe uppermost units of Sicily and
Cyprus (5.5 Ma to 5.46 Ma) described previouslyisTécenario ends with catastrophic
flooding due to the collapse of the Straights obr@itar. Polyphasic Messinian erosional
surfaces (MES, RS and TES) are fossilized by thecléan hemi-pelagic marls (labelled 9a
in Fig. 10). Reworked evaporites and deep watedsamne widely observed in ODP drilling
lithology (labelled 8 in Fig. 10) attesting to tpermanency of high energy and erosive sea
bottom currents during the Zanclean. In the Albofasin, the huge seawater flow
significantly eroded the Messinian subcropping sir{iEstrada et al., 2011). The missing
material could correspond to thick “chaotic / chaellmed” units on top of the upper

megasequence of the Algero-Baleares basin.

6. Conclusion
We propose that during the salinity crisis, the 8i@an evolution of both the eastern and
western deep basins is recorded in two seismic seeg@ences corresponding to a dual

lowstand depositional model: The Messinian lowegasequence (MLM) corresponds to the
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shift of Messinian clastics depocenters to the de@arts of the hypersaline waters of the
basins. The top of the MLM is coeval with the lotwd4SC sea level and with the sharp
transition to the Messinian upper megasequence (MUNMe MUM records the rapid
precipitation of massive halite that filled the aconodation space. We interpret the MUM as
a late lowstand related to a decreasing rate inR8k fall accompanied by a progressive
increase in the accommodation (relative sea leaal) sea water supply. Our seismic
interpretation of the Messinian series on the Mediinean shows that it is important (but
challenging) to distinguish between geometries doethree processes: (1) erosional
truncations that occurred during the Messinianirfglistage; and (2) marine ravinement
surfaces caused by an early transgression at thefehe MSC; (3) severe erosion at the top
of the Messinian Alboran Sea floor and the basavalporites caused by the strong currents
during the reflooding period. The previous partiatord of the MSC was due to the
peripheral/intermediate position of the basinstHa deep offshore, deposits related to the
MSC are a major component of the petroleum systémthick extensive sandstones or mass
transport complexes with evaporites, sealed by Miess evaporites and sourced by

Messinian or older source rocks.
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Figure captions

Fig. 1: Map showing the distribution of the Mesamsalinity crisis (MSC) deposits in the

deep and intermediate basins. “Deep basins” rdfertheir position in the deep central

Messinian basins that are approximately delinebtethe present-day Mediterranean slopes
and abyssal plains around the Ligurian-Provencsinb@vith a 30 Myr old basement) and the

eastern basin (with an older Tethyan basement). ditiknes of the Pliocene-Quaternary

deep-sea fans of major Mediterranean rivers areatetl by dotted lines: the Rhone (1), the
Ebro (2), the Nile (3), Levantine margin rivers,(dhd Antalya margin rivers. In front of the

Nile River, the Pliocene-Quaternary sediments dmel Messinian clastics were sourced
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westward from the prominent Eratosthenes ContiheBtack (Montadert et al., 2014
modified). “Deep” IODP sites are located both ie #astern and western deep basins. This
map is not palinspastically restored in its Messintonfiguration, and some contours of the
Messinian depocenters are consequently impactedhdmg recent tectonic episodes. The
current locations of the main thrust fronts (Aperes, Calabrian wedge and Mediterranean
Ridge) are indicated, as well as a tentative ratitor of the active Messinian fronts
(Apennines, Hellenides adapted from Jolivet et28l06). The eastern and western sub-basins
were (and still are) located in distinct geodynaemwironments: foreland flexure of a thick
and cold lithosphere in the case of the eastermbback-arc basins impacted by thermal
subsidence on a hot thin lithosphere in the cagbeotvestern Mediterranean and Tyrrhenian
Basins. Early Messinian connections with the warltban are in yellow (adapted from
Esteban et al., 1996 and Matrtin et al., 2001).

Fig. 2: in Fig. 2b, Stratigraphic subdivisionstbé MSC depositional Megasequence. Units
A, B and C are grouped as the Messinian lower nezgesice (MLM) and sequences D and
E are grouped as the Messinian upper megasequiitid)( (For explanation see section 3

in the text. The position of the seismic line is shown in Fig. 2a). The nature of the high

amplitude reflectors in the middle of the Messiniewaporites type section (Unit C) is

debatable. Indeed few exploration wells in the Beut Levant Basin crossed evaporites in
the deep basin setting, and results have not belglisped. Nevertheless in offshore Lebanon
(Chbat et al., 2014, Fig. 2b) stratigraphic invensbf seismic data and facies analysis is
strong evidence that unit C consists of clastmsally porous sands or claystones.

Fig. 3 Stratigraphic subdivisions of the MSC Megsinseismic megasequence. Compare
with Fig. 2 MLM (sequences A, B and C). Note tlatetally seismic facies change from high

amplitude facies to transparent facies. (1) Measiiliocene reworked evaporites and sands

(see explanation in section 3 in the text); (2p&¥ne-Quaternary. Along the western part of
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the seismic lines (in the area shielded from rimputs) the same stratigraphic stacking can be
seen as in Fig. 2. However both the Pliocene aaeM@ssinian series are affected by high
angle faults, or shallower gravitational listricufis, making stratigraphic interpretation
challenging in this are&¢e comment in section 3.3 in the text).

Fig. 4: Seismic lines (Figs. 4b and 4c) locatedh@glthe lower part of the Nile cone (Fig. 4a)
reveal intercalation of a thick clastic unit (~2008) at the base of the MSC megasequence.
The seismic facies of this unit corresponds toM®C early lowstand distal deposits of the
Nile River termed Messinian lower megasequence (MLMthis paper. When seen in detail,
the stacked channel complexes characterize thmmseifacies. We interpret the high-
amplitude reflections in Units A, B and C in thditeatoward the north of the line as clastic
intercalations. The Messinian Nile River was thganaource of clastic and meteoric waters
to this area. We interpret these facies as tudbkiposits due to their distribution (see section
3 in the text for explanations). Note the alteroratbetween clastics and salt suggested by the
indentation between Messinian Nile clastics anditéuesparent halite. Post Messinian reverse
faults can be seen in Fig. 4 b. Even if they a@ad in the Messinian salt, they may be
associated with deeper duplexes that could genénatédocal doming on top of the MSC
depositional megasequence visible in Figs. 4a énd 4

Fig. 5: Seismic section of the Antalya Basin: Thagismic profile shows the same
stratigraphic stacking as in the Levant Basin (carapwith Figs. 2 and 3). Continuous
reflectors (Unit C) are visible between more trarspt facies (Units B and D, we interpret as
halite). Fig. 5 illustrates a large clastic bodttHaterally matches Units A, B and C,
corresponding to the MLM, and Units D and E coroegpng to MUM (see explanations in
section 3 in the text). It is clear from these eglewn that choosing the base of the transparent
layer (halite) as the base of the Messinian sglitiitsis deposits would be misleading when

dealing with big river systems. In this area reedeults are visible. Doming and tilting of the
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Messinian clastics west of the line and layer Godeation east of the profile are controlled

by compressional features (with a transport dioectrom the north).

Fig. 6: This figure is a comparison between thengetnies and the seismic facies in the
western and eastern Mediterranean in front of tgonrivers: The Rhone River and the Nile
River (see explanations in section 4 in the tefdt).Forced regressive Messinian deltas; (2)
deep sea fans of the Rhone and Nile; (3) the MessBeismic unit corresponding to units A,
B and C in the Levantine Basin. Both (2) and (3¥re& units belong to the MLM; (4) the
transition point. This point corresponds to therphteansition between the MLM and MUM.
It represents the lowest sea level in the Messimagacycle. The mobile unit (6, halite) and
the upper unit (7) were combined in the Messinigpan megasequence. MES: Messinian
erosional surface; RS: ravinement surface; TES: @&opional surface. The onset of the early
transgression refers to a marine ravinement suR& €flat abrasion surface, AS, after Bache
et al., 2009). The mobile unit (unit 6, halite) @sed to an increase in accommodation and
aggradation (on-laps on the MES as it appears endditaset) does not necessarily mean

transgression but is linked with maximum regresga@ctrease in the rate of sea level fall).

Fig. 7: Line drawings (Figs. 7a and 7b, after Moeta et al., 1978) and seismic line (Figs. 7c,
after Sage et al., 2011) showing the geometridioglships between the upper part of the
MUM (7) and late lowstand fluvial conglomeratesrlg#@ransgressive marine sands (7°). Fig.
7c shows the seismic facies of the upper part@MM that onlaps the MES (1) all around
the western Mediterranean. This unit was sample&dyoye and Pipper (1991) across the
Cirgue Marcel and clearly infills the Messinien €an surface (MES). Red conglomerates
described by Savoye and Piper, 1991 at the bashest units are topped by Messinien

marine sands. More recent seismic lines (Sage,e2Gl1) show clear lateral continuity with
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the upper unit of Lofi et al., 2011 in the deepibha3hese fluvial and coastal sediments
illustrate the transition between a late Messid@mstand onlapping the MES and an early
transgressive systems tract (Early TST). In thesaahe forced regressive prisms are poorly
imaged. See explanations and commentsin section 4.2, 4.3, and 5 in the text).

Fig. 8: Seismic line crossing Florence Ridge, weftthe island of Cyprus. The thick
evaporites of the MUM are clearly eroded, resultim@ flat surface (top erosional surface,
TES) which can be confounded with Bottom Simulafteflection (BSR).

Fig 9: Partial ground-truthing of the MUM: Site 368 the eastern Menorca Rise (Fig. 9 a,
Fig. 9 b, 2,699 m water depth) and the GLP2 indalstiole (Fig.9 ¢, 1,246 m water depth)
sampled the upper part of the MUM evaporites (a#ieon of salt, gypsum beds and
dolomitic marls) and the upper Miocene depositsesEhevaporites cover the Messinian
erosional surface on top of Serravalian marinetsittes (the Tortonian unit is absent). The
location of the evaporites on top of the MES, plipae-eroded by a marine wave cut (flat
abrasion surface), identifies the transgressioth@fupper part of MUM on the MES. This is
consistent with the sparseness of sediments abthef the MUM. Above these Messinian
evaporites poor coring recovery hints at a potéstad layer at the transition to the early
Pliocene. Site 371 in the South Balearic Basin92,Wwater depth, Fig. 1) recovergusitu
anhydrite and dolomitic mudstone, on top of the MUB4&rly Pliocene transgressive marine
sands were recovered on top of this unit.

Fig. 9 c: The GLP2 borehole on the Gulf of Lion Ngiar (1,246 m water depth) revealed that
Langhian-Serravalian age calcareous mudstonesvaram by 266 meters of alternating salt,
calcareous evaporitic mudstones, and anhydriten(f8p703 to 3,437 m) that are separated
from the Upper Miocene by what we interpret asNiteS. On top of the MUM evaporites, 52
m of transgressive marine sands (3385-3437m depth¢ sampled, showing good aquifer

reservoir quality. At the top of the MUM, we integp the transition to seismic facies
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corresponding to the alternation of gypsum, sall amrls as the transition to an early
transgression (ET) clearly illustrated by marinedsasampled in well GLP2 and linked to the
flat marine abrasive surfaces (wave cut).

Fig. 10: Regional integrated model combining thestee and eastern Mediterranean with the
implicit notion that sedimentary development in thestern and eastern basins happened in
parallel gee discussion in section 5 in the text). PB peripheral basins; MTCs: Mass transport
complexes; 1: forced regressive deltas; 2: deepm lwdestics; 3: Lower Halite in the eastern
basin (1 through 3 are included in the MLM); 4: Topthe MLM; 5: Mobile unit in the
western basin (=Upper Halite in the eastern Ba&n)pper evaporites in the deep basin; 7a:
fluvio-lacustrine sediments/ incised valley fillb:7 Marine sands and conglomerates; 8:
transgressive sands and reworked evaporites (5, 8, are included in the MUM); 9a:
Pliocene bottomsets witl@loborotalia margaritae on the distal part of the platforms
(condensed interval); 9b: Pliocene prograding étinos; 10: Pliocene deep sea fans; 11:

Pliocene-Quaternary hemipelagic sediments; 12cBhe-Quaternary contourites.
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: lower including forced deltas (1), mass transport complexes (MTCs), deep basin clastics (2 & 4) and evaporites (3).
FSST Falling stage systems tract / early lowstand deposited during MSC forced regression (see Catuneanu et al. (2011)).
MUM: Messinian upper megasequence including mobile unit (5), upper evaporites (6), fluvial incised valley fill (7a), transgressive marine sands (7b) and material reworked by the giant reflooding (8).
MUM evaporites (5 &6) are interpreted as a late lowstand system tract (LST). Part of the upper evaporites (6) and marine sands (7b) are including in a early transgressive systems tract (ETST).
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Highlights:

-New industrial seismic lines reveal thefirst full image of Messinian deposits;
-Efficient guideline to interpret the Messinian salinity crisis (M SC) megasequence.
- Major improvement in the understanding of the MSC.

-Critical west-east similarities led to a comprehensive MSC depositional model



