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ABSTRACT

A revised stratigraphic framework for the Messingaccession of Cyprus is proposed demonstrating
that the three-stage model for the Messinian s$glamisis recently established for the Western
Mediterranean also applies to the Eastern Meditean, at least for its marginal basins. This amalys
is based on a multidisciplinary study of the Messirevaporites and associated deposits exposed
in the Polemi, Pissouri, Maroni/Psematismenos ardddria basins. Here, we document for the
first time that the base of the unit usually reddrto the ‘Lower Evaporites’ in Cyprus does not
actually correspond to the onset of the Messinginiy crisis. The basal surface of this unit exth
corresponds to a regional-scale unconformity, lgadsociated with an angular discordance, and is
related to the erosion and resedimentation of pyiragaporites deposited during the first stage of
the Messinian salinity crisis. This evidence suggésat the ‘Lower Evaporites’ of the southern
basins of Cyprus actually belong to the secondestéghe Messinian salinity crisis; they can besthu
ascribed to the Resedimented Lower Gypsum unitwhatdeposited between 5.6 and 5.5 Ma and
is possibly coeval to the halite deposited in tbghrern Mesaoria basin. Primary, in situ evaporites
of the first stage of the Messinian salinity crisisre not preserved in Cyprus basins. Conversely,
shallow-water primary evaporites deposited duriregthird stage of the Messinian salinity crisis are
well preserved; these deposits can be regarddteagjuivalent of the Upper Gypsum of Sicily. Our
study documents that the Messinian stratigraphwshoany similarities between the Western and
Eastern Mediterranean marginal basins, implyingraraon and likely coeval development of the
Messinian salinity crisis. This could be reflectdso in intermediate and deep-water basins; we infe
that the Lower Evaporites seismic unit in the dEaptern Mediterranean basins could well be
mainly composed of clastic evaporites and thaiatse could correspond to the Messinian erosional
surface.

INTRODUCTION

Dating the onset of the Messinian salinity cri$itsSC) has been the main target of numerous intedj(aielo-,

bio-, magneto-) stratigraphic studies carried auhe Mediterranean during the past few years gknijan

et al., 1999; Hilgen & Krijgsman, 1999; Bellancaakt 2001; Sierro et al., 2001; Blanc-Vallerorakt 2002;
Krijgsman et al., 2002; Krijgsman et al., 2004; K@nhoven et al., 2006; Rouchy & Caruso, 2006 afeteace
therein; Manzi et al., 2007; Gennari et al., 2088nzi et al., 2013 and references therein). Theskes were mainly
undertaken to facilitate the reconstruction oféhgironmental changes that occurred at the ongéeddalinity crisis
when the Mediterranean basin, or parts of it, waised into a giant salina. Following years of delziout the
synchronous vs. diachronous character of the MS@tqiRouchy & Caruso, 2006; Roveri et al., 201dapnsensus
was reached by a large number of scientists indoiréviessinian research (CIESM, 2008) on a chraatigtaphic
frame work conditions throughout the Mediterranean.

An important issue exists regarding the criteret ttan be used in the definition of the onset efNtessinian salinity
crisis. Recent advancements in the sedimentolodystiatigraphy of the Lower Evaporites depositdEE&M, 2008;
Roveri et al., 2008a; Lugli et al., 2010; Dela Riegt al., 2011, 2012; Manzi et al., 2011; Genetail., 2013; Manzi et
al., 2013) revealed that the onset of the Messisdinity crisis is commonly improperly positionbdth in shallow and
deep settings.

In shallower settings, the inappropriate definitadrihe onset of the MSC is commonly related togresence of
incomplete Primary Lower Gypsum (PLG) successibas prevent a precise tuning of the first local gyp

bed. As recently demonstrated (De Lange & Krijgsn2010; Lugli et al., 2010; Dela Pierre et al., 20Manzi

et al., 2013), the gypsum beds of the PLG unifaegally transitional to carbonate or shale deggosihen this
occurs, the first local gypsum bed does not comeiith the onset of the MSC but could be younget lfiperales



section, Manzi et al., 2013), 2 (Legnagnone segtBennari et al., 2013), 3 (Pollenzo section; Dkxre et al.,

2011, 2012) or even 6 precessional cycles (Goveatos; Bernardi, 2013).

In deeper settings, the definition of the onsehefMSC could be even more complicated becausBL@ deposits
never accumulated there and their time equivakdep®sits are commonly represented by evaporitefnée deposited
in a restricted environment (Manzi et al., 20071 2(Roveri et al., 2008a,b); (ii) the evaporate¢sinommonly include
large amount of clastics; and (iii) hiatuses ofiafale duration are associated to the Messiniari@raksurface (MES)
lying at the base of the Resedimented Lower Gypsuin(RLG; Roveri et al., 2008a,b).

In all those cases where, based on integratednflaigneto- cyclo) stratigraphic analyses, a latedy déessinian, pre-
MSC, age is defined but the correct tuning of th&Rinit is not possible, the MSC onset is approxaday one or
more of the following proxies (see more detailgdimation in Manzi et al., 2007, 2011): (i) the baxd the PLG time-
equivalent dolomite-rich unit; (ii) the Last Ocoence (LO) of foraminifera either planktonic or d@nt(Manzi et al.,
2007; Lozar et al., 2010; Dela Pierre et al., 2@énnari et al., 2013; Manzi et al., 2013); (ifigtpeak of abundance of
Sphenolithus abies (Manzi et al., 2007; Lozar e28l10); (iv) the presence of high-salinity tolgrpteropod
assemblages (Manzi et al., 2007); (v) the recagmitif the base of the reversal Gilbert chron (tH&Vbnset is three
precession cycles above it; Manzi et al., 2013);tbe d1gO shift toward high positive values (Bellanca et 2001;
Manzi et al., 2011); and (vii) the occurrence ofyd&r molecular indicators (gammaceraq@;2 pristane/phytane
ratio; <1 nalkanes odd/even predominance; Manzi et al.7200

These observations were mainly derived from thediésn successions cropping out in the westerniakent
Mediterranean (Spain, Sicily, Apennines), wherbasgastern Mediterranean was far less taken imtsideration.

In the eastern Mediterranean on-land successibasttidies carried out over the past few yearsskdon the pre-
evaporitic successions (Krijgsman et al., 2002; \Wenhoven et al., 2006; Morigi et al., 2007; Orszagerber et al.,
2009). The main aim of these studies was the @iioel of the onset of the MSC with the Western Nexdanean.
Actually, these studies provide a high-resolutitvatigraphic framework that is limited to the presKl succession due
to the lack of sufficiently detailed sedimentologitd stratigraphic information on the overlying pesdtes. Up to now,
the comparison between the eastern and westernmgl@@ds has been essentially based on the seispects of the
deep evaporites. The typical threefold succes$iawer Evaporites, Salt, Upper Evaporites) charizitey the
Western Mediterranean is not present in the Ea8tediterranean where the MSC is largely recorded bingle salt-
bearing seismic unit (Lofi et al., 2011 and refeestherein). In any event, more recently, an gitexhcorrelating
western and eastern deep Mediterranean Messingmnisaunits has been suggested, based on Sr isataphigh-
resolution seismic data (Roveri et al., 2014b).

Thus, a question still remains unanswered: wastiset of the MSC synchronous in the eastern antemwes
Mediterranean or not?

In this study, we present new results derived feomultidisciplinary approach, integrating physisthtigraphy, facies
analysis, sedimentology, petrography and biostiaigy and magnetostratigraphy of the upper podifdhe Pakhna
Formation (Bagnall, 1960; Gass, 1960; Pantazisy1B6bertson et al., 1995) and the overlying evitgmof the
Kalavasos Formation (Bagnall, 1960; Gass, 1960ta2& 1967; Robertson et al., 1995) in severahas Cyprus.
We focus particularly on the different evaporiteiés and stratigraphic architecture and on thentjnoif their onset in
Cyprus. The main aim of this study was to testaplicability of the stratigraphic framework esiabkd for the
western Mediterranean and to shed new light omela¢ionships between the onshore vs. offshorerdeabthe
Messinian salinity crisis in the eastern Meditee@m

CHRONOSTRATIGRAPHIC FRAMEWORKOFMESSINIAN EVENTS

The chronostratigraphic framework proposed forMtessinian salinity crisis (Fig. 1; CIESM, 2008; Rovet al.,
2008a,b, 2014a), derives from a thorough reviewaralyses of the sedimentary facies, petrograptysaatigraphy
of Messinian evaporites (Roveri et al., 2001, 20082014a,b; Roveri et al., 2003; Manzi et al., 20D09, 2012;
Lugli et al., 2010; Omodeo-Sa et al., 2012) and of their time-equivalent defsadanzi et al., 2007, 2011, 2013;
Omodeo-Sale et al., 2012); it considers three depositiorades (Fig. 1). During stage 1 (5-93.60 Ma; Krijgsman et
al., 1999; Manzi et al., 2013), the Primary Lowsip&um (PLG; Roveri et al., 2008a), mainly consigtiri sulphate
bottom-grown evaporites, accumulated exclusivelghallow-water settings (i.&200 m of depth), whereas deeper-
water settings experienced euxinic shale and catbateposition (De Lange & Krijgsman, 2010). Latkring stage 2
(5.60- 5.53 Ma), shallow-water peri-Mediterranean areasevexposed to subaerial erosion and evaporitestepo
migrated to the deeper parts of the basin (Rotexi. e2014a). The evaporites deposited duringstsge consist of
both clastic (gypsum-carbonate deposits deriveah fitee resedimentation of the PLG) and primary digpos

(halite with a minor sulphate contribution), grodpeto the Resedimented Lower Gypsum unit (RLG; &oet al.,
2008a). Finally, during stage 3 (5-8833 Ma; Hilgen et al., 2007; Manzi et al., 200®yew evaporite unit was
deposited in both shallow (primary shallow wateostty bottom-grown facies) and deep settings (idastd cumulate
gypsum).

GEOLOGICAL AND GEODYNAMIC SETTING OF CYPRUS

Cyprus Island is located in a complex tectonic ateaacterized by the interaction between the AfrjiArabia and
Eurasian plates (Fig. 2a). The Cyprus Arc (Fig. /&presents the present-day boundary between tfasiBn and
African plates. From this point of view, it reprasgthe easternmost portion of the Mediterraneagy&(Fig. 2a;
Chaumillon et al., 1996; Mascle & Chaumillon, 198Biguen et al., 2001; Le Pichon et al., 2002; TeeVet al.,



2004), a complex structure extending from the longands of western Greece to Turkey in an-e@sst direction
(Fig. 2) that originated from the northward subdéucf the lonian oceanic crust, a remnant of teéh¥s Ocean, under
the European plate (Robertson, 1976; 1998; Hugtieh,2001). In the lonian basin, the subductmastill active,
whereas moving eastward the geodynamic settingnigpticated by the ongoing collision between thedsian and the
African plates. In the easternmost portion of thedMerranean, the presence of the Eratosthenespiate, a small
block of African continental crust (Robertson, 1988used the emersion of the accretionary prisntlaatirth of the
Island of Cyprus. According to recent studies (Kind et al., 2011; Kinnaird & Robertson, 2013), stkucture of
Cyprus derived by the stacking of three tectorizeslthat from the north passing to the south aifeliows: the
Kyrenia Ridge, the Troodos massif (an ophiolitet timt represents the remnant of an original ooeemist) and the
Mamonia complex (Fig. 2).

Recent tectonic reconstructions based on a stalaualysis of faults and fractures recognizedyprGs (Kinnaird &
Robertson, 2013; McCay & Robertson, 2013) sugdnedtthe Cyprus area was affected by a complexn@cayolution
during the Neogene including: (i) an early Mioceoepressional phase; (ii) an extensional phasaglthie late
Miocene and Early Pliocene times and finally; aiiiYig compressional/transpressional phase upderntimes.

Apart from the information on the changes in thémséress vectors, the history of Cyprus sincedbeMesozoic can
be also deduced by the observation of change iadalistribution and depositional settings in threwon- Troodos
sedimentary succession that is schematically regdant Fig. 3 (Robertson et al., 1995). The firsclevidence of the
formation of significant landmass with a permargmiaerial drainage pattern dates to the Pliocea®m (B
Robertson, 1993; Robertson et al., 1995; Stow.e£1885). According to the most recent hypothesis

(Kinnaird et al., 2011; Kinnaird & Robertson, 2018 Troodos uplift began in late Pliocer2.68 Ma). However,
this could be considered only the final part of echlonger history of erosion and deposition of Theodos
sedimentary cover,; first, late Mesozoic-Mioceneag@l units were eroded, then the definitive ugaliitl

erosion of the Troodos oceanic crust slice wasrdszbby the late Pliocene progradation of ophialéeived fan-deltas
into the Mesaoria basin. For the aim of this agtidl is more interesting focusing on the deposéldistory that
preceded the Messinian salinity crisis. The pragvesshallowing upward trend of the early Cenozatkara
Formation (Fig. 3; Bagnall, 1960; Gass, 1960; Pastd967; Payne & Robertson, 1995; Robertson.£1995) and
the widespread distribution of Miocene carbona&dsrand carbonate platforms (Robertson et al., ;198kows, 1992;
Follows et al., 1996) now outcropping along thetihem and southern margins of the Troodos massjfjest an
earlier uplift of the Troodos area, probably sitlee Oligocene. The presence in the Koronia memblate Tortonian-
early Messinian reefs (Follows et al., 1996), ssggthat the Troodos area was already at veryshaliater depth at
that time. Furthermore Troodos- derived pebbleseperted in the conglomerates of the Lago-Mar¢ afrthe
Pissouri basins (Rouchy et al., 2001) suggestiageimersion of the Troodos massif could have oedymat least
partially, since the latest Messinian.

Due to its present-day elevated position, Cyprusjie detailed study that leads to a better congmsion of the
geology of the Eastern Mediterranean area andlioduploit the large amount of offshore data acediin the last
decades (Robertson et al., 1995; Bridge et al.5208@lon et al., 2005; Aksu et al., 2008; Maillatcal., 2010). The
Cyprus Arc subdivides the Eastern Mediterraneamrorthern and a southern region, characterizetiffgrent
geological settings and by a different record eflthessinian salinity crisis. The northern regiomiturn segmented
into three main arched basins elongated in a Eféttion (Fig. 2b).

The northern basin, corresponding to the Cilicisifpas completely submerged and is known frommsislata
(Bridge et al., 2005; Calon et al., 2005; Aksulet2008). This basin is bounded to the south BEy\& trending
structural high corresponding to the Kyrenia Ramgeountain ridge exposed in the northernmostqfayprus,
characterized by Mesozoic carbonate terrains abits (McCay et al., 2013).

The central basin includes an onshore portionénGiprus Island known as the Mesaoria basin (Mc@al.
Robertson, 1995) that continues offshore to the ims the northern Antalya basin and to the eatst ihe Larnaca-
Latakia (Maillard et al., 2010) and Iskenderun bhagiCalon et al., 2005), in Turkey. Messinian dépasop out only
in the northern and southern flanks of the bagin e presence of a thick Messinian halite unitdzlbelow the
Mesaoria plain, has been documented by seismidgs@nd boreholes (Gass, 1960; Robertson et35;Maillard et
al., 2010). Seismic data suggest the presencdtafegansits offshore as well (Maillard et al., 2D1Dhe central basin is
bounded to the south by a structural high culmingatiith the Troodos Massif.

Finally, the southern basin is articulated in misaobbasins onshore (Polemi, Pissouri and Psematéstdaroni
basins) and offshore (Tartus basin and Intermediase; Maillard et al., 2010).

All these basins are characterized by a relatitidly (commonly<500 m-thick) Messinian succession including
sulphate and also halite, as suggested by themresd small diapirs imaged by seismic both inlthtakia and Tartus
basins (see Maillard et al., 2010 for further imfiation). Conversely the southern region, corresimgb the Levant
basin, shows a very thick Messinian evaporate(beitween 1 and 2 km) mainly consisting of halit€Hscher et al.,
2007; Cartwright & Jackson, 2008; Maillard et @D,L0) with minor clastic intercalations that idl selatively
undeformed (Bertoni & Cartwright, 2006, 2007; Lefial., 2011; Gvirtzman et al., 2013).

STRATIGRAPHIC SETTING OF CYPRUS

According to Robertson et al. (1995) the sedimgraaccession of Cyprus Island can be summarizéollasvs (Figs 2
and 3).



Pre-Messinian

The first sedimentary deposits, laying directlysomagmatic basement, are represented by umberadiotharites of
the Perapedhi Formation followed by the volcantitasannaviou Formation (Bagnall, 1960).Startingrfr the
Maastrichtian the succession continues with thé&dwaf Formation (Robertson et al., 1995) previokslywn as
Lapithos group (Bagnall, 1960; Gass, 1960) or dkdra Group (Pantazis, 1967), a unit consistingledp water
pelagic marls and carbonate deposited over a pgetbtime interval (Late Cretaceou®ligo-cene; Eaton &
Robertson, 1993). This phase of monotonous sedatientwas interrupted by the deposition of the PakiRormation
(Bagnall, 1960; Gass, 1960; Pantazis, 1967) (Balfidig/Langhianr- lower Messinian; Eaton & Robertson, 1993) that
records a phase during which several small, intereoted basins developed, due to the ongoing testoglated to the
collision of the African and European plates.

On top of the intrabasinal highs the pelagic sedtaiton was progressively replaced by the formatibreefal and
bioclastic deposits related to small carbonatdquiaits and shoals. Two main carbonate bodies, quoreting,
respectively, to the lower Miocene Terra member taiedT ortonian/Messinian Koronia member, have lreeagnized
and are described in papers by Pantazis (1967))d@ad960), Gass (1960) and Robertson et al. (L9%¢cording to
Follows et al. (1996) the areal and facies distityuof these reefs reflect those of the main $tmad lineaments active
during Miocene time. Interestingly the late Toremmiearly Messinian reef units (Koronia member)karended to the
south and to the north by the Troodos massif, sluggjesting that this zone was at a water depthnittie photic zone
at that time. This is in agreement also with thielence of coeval early and late Miocene submariassmvasting
deposits occurring on both the northern and sontfienks of the Troodos massif that have beenedltd seismic
events punctuating its uplift history (Lord et £009).

Pre-MSCMessinian deposits

Lower Messinian deposits are included in the ugetion of the Pakhna Formation. This unit is maiekposed in the
depocentres of the Polemi, Pissouri and Psematsshdaroni basins; it is characterized by a weltdeped cyclicity,
given by the alternation of sapropel, marl, andoaate beds, suitable for an integrated stratigcaggbproach. For this
purpose, two sections were studied in detail: tliddvay section, in the Pissouri basin (Krijgsmaale 2002) and
the Tokhni section, in the Maroni/Psematismenoinb@rszag-Sperber et al., 2009).

MSCunits

The Kalavasos Formation records the whole Messiggdinity crisis; it can be subdivided into threaimsubunits
(Rouchy, 1982; Robertson et al., 1995; Orszag-Spearbal., 2009), that are from the bottom: (i) toever Gypsum;
(ii) the Intermediate breccia; and (iii) the Lagaid deposits and Upper Gypsum (Fig. 4).

The Lower Gypsum unit, up to 70 m thick (Robertsbal., 1995), is described as a composite unitidticg a large
variety of gypsum deposits: selenitic, laminar @ibcknown as ‘marmara’ gypsum), clastic and nod(Rouchy,
1982). A discontinuous unit known as ‘barre jauaetarbonate breccia including stromatolitic defsomnd fragments
of primary gypsum (Rouchy, 1982; Orszag-Sperbat.eR009), is commonly present at the base ofawer unit (Fig.
4).

The Intermediate Breccia, up to 20 m thick (Rolmertst al., 1995), is a polygenic and heterometgctia made up of
gypsum clasts and blocks in a carbonate/gypsaremtax (Rouchy, 1982). According to Robertsonle{E095) the
gypsum clasts derive from different gypsum facresuding both twinned selenite crystals and lammagrsum.
According to these authors this ‘mega-rudite’ wegulted from large-scale tectonically induced rfagare.

The Upper Gypsum unit, up to 60 m thick (Robertsbal., 1995), is lithologically very variable. Amrcling to Rouchy
(1982), this unit includes up to six gypsum bedarabterized by different facies; mainly selenitighe lower three
beds, and mainly laminar gypsum associated witsticland minor selenitic gypsum in the upper ttoaes. These
gypsum beds are separated by marl horizons chezmttdy the presence of the typical Lago-Mare kisdcfaunal
assemblages (Roveri et al., 2008a and refereneesitth of Parathetyan affinity, including mollusksmnocardiine,
Melania, Melanopsis), ostracods (Cyprideis) andianifers (Ammonia beccarii). In the Pissouri atfeainterval
comprised between the uppermost gypsum bed ardéblsinian-Zanclean boundary consists of a lowet ot with
Lago Mare ostracods and gastropods capped byemation of conglomerate, calcarenites and paleo@®ouchy et
al., 2001). Conglomerate clasts mostly derived ftbenLefkara and Pakhna limestones, together witlodos sourced
volcanic pebbles also occur for the first timehe southern Cyprus basins (Rouchy et al., 200a$, tuggesting a
significant uplift phase of the Troodos massif.

MATERIALS ANDMETHODS

We have investigated the stratigraphic intervabemgassing the upper portion of the Pakhna Formatnohthe
evaporites of the Kalavasos Formation, up to thee lndi the Pliocene. Our study is mainly based erfahies analysis
of several sections outcropping in the Psematissigvlaroni, Polemi, Pissouri and Mesaoria basing.(Ej see also
supplementary file). Moreover, we have performesstiatigraphic (planktonic foraminifera and calcaus
nannofossils) and petrographic analyses of theruppkhna Formation in the Tokhni section (Maromsiéatismenos
basin) and strontium isotope analysis of sampla® fhe evaporites of Kalavasos Formation.
Bio-magneto-stratigraphy

An integrated bio-magneto-stratigraphic study ef tipper part of the Pakhna Formation exposed ifi théni section
(Figs 4 and 5) including a semi-quantitive biostpaphic analysis of planktonic foraminifer asseagids and a detailed
smear-slide quantitative study of calcareous nayssiis assemblages has been undertaken and willdished in a



separate work (R. Gennari, F. Dela Pierre, F.Ldgaf,urco, S. Lugli, V. Manzi, M. Natalicchio, M.dReri, M.
Taviani, unpublished data.). In this paper we haekided only some qualitative observations emeyd@iom that
study.

Petrographic analyses

Carbonates

Nine standard thin sections of carbonate rocks ffakhni and Pissouri sections were studied withgnaitted light
and were further analyzed for their UV-fluorescennea Nikon microscope with a UV-2A filter blocksing
ultraviolet light (illumination source 45@90 nm). Scanning electron microscopy and qualgagiement recognition
were performed with a Cambridge Instruments Ste@o860 scanning electron microscope equippedasitBnergy-
dispersive Link System Oxford Instruments micrograin 10 stubs from Tokhni section. Some selectiedstdttions
were stained with alizarine to distinguish the daitic component.

Gypsum

We performed standard thin section analyses opéhegraphic microscope.

Strontiumisotope analyses

Sr isotope analyses were carried out at Scottishddsities Environmental Research Centre, Eastriiéh) Scotland
(SUERC). Samples were leached im &mmonium acetate prior to acid digestion with HNSr was separated using
Eichrom Sr Spec resin. Matrix elements were elirieé®iv HNOsand 3v HNOsbefore elution of Srin 0.0t HNO:s.
Total procedure blank for Sr samples prepared usiisgnethod was200 pg. In preparation for mass spectrometry, Sr
samples were loaded onto single Re filaments wika-activator. Sr samples were analyzed with a \é&& 54-30
multiple collector mass spectrometerssSr intensity of 1 V (19 10-11 A) _ 10% was maintainedrSr/sSr ratio was
corrected for mass fractionation usigrksSr= 0.1194 and an exponential law. The mass spectrometeoperated
in the peak-jumping mode with data collected ablbsks of 10 ratios which gives an internal undetfaof
<0.000020 (2 SE). For this instrument NIST SRM 98vey0.710249 0.000008 (1 SD, & 17) during the course of
this study. The 2 standard error internal precisiorindividual analyses was between 0.000014 a3@0020 for 2.

NEWDATA AND OBSERVATIONS FROM MESSINIAN SUCCESSIONS

Psematismenos/Maroni basin

The reconstruction of the stratigraphic framewarnkthe Psematismenos/Maroni basin is based on\aiigsrs on
multiple sections (see locations in Fig. 5c).

The pre-MSC succession (Pakhna Formation)

The upper part of the Pakhna Formation crops nuhe badlands 1 km southwest of the Tokhni villageere it is
overlain by the evaporites of the Kalavasos ForomatHere we measured the Tokhni composite sedtianinicludes 4
subsections (Fig. 5), which, from north to souttyénbeen called, respectively, To-0, To-1, To-2 BoB.

Facies analyses allowed the subdivision of the Ralormation into a marly member (PK-A) and a casdte

member (PK-B).

Marly member (PK-A)- This member is largely made up by shale and mad lismestone is a minor component; from
the base, it shows three subunits: PKRK-A2, PK-As.

The lower part of the succession (subunit PK4Ag. 5) consists of a m-thick alternation of darland lighter intervals
of homogeneous blue marls. In the upper part sfuhit the Tortonian-Messinian boundary has beeogmized
(Orszag-Sperber et al., 2009). The boundary wighatrerlying unit (subunit PK-A Figs 5 and 6) is sharp and
corresponds to the onset of m-thick layers of whitnarl interbedded with the blue marls.

An 80 cm-thick whitish limestone bed marks the bafsiine third unit (subunit PK-A Figs 5 and 7a), which consists of
a cyclical alternation of reddish marls and whitisteritic limestones. The micritic limestone layare laterally
continuous, in particular the lowermost one, arsilgéraceable along the outcrop so they have lised as key-beds
in the reconstruction of the composite section .(B)g The limestone layers are made up of a mixtficay and
coccoliths cemented by micron-sized calcite crgstdb dolomite has been found in the samples @)g.

In the upper part of the section, two reddish drate layers and a thin (280 cm) conglomerate layer, consisting
entirely of limestone-derived pebbles are key libdsfacilitate correlation of the three subsecion

The basal part of the Tokhni section (Tortoniamtams at places holoplanktic mollusks, such asoptads (Cavolinia
gypsorum) and sparse deep-water benthic taxa suttealeep-water pectinid Propeamussium duodecietiktionm
(also reported by Merle et al., 2002). The macm&weomponent hosted in the overlying Messinian

carbonate marls is richer and more diverse, inolydhivalves, gastropods and occasional echinoidis. Macrofauna is
best observed in the Pakhna Formation of the Pisbasin, described in the following chapter.

Carbonate member (PK-B)This member is largely made up of limestone withiaor shale component and lies
conformably above the unit PKsA

PK-B unit (fig. 5 and 7), recognized only in theutitern subsections To-2 and To-3, consists of 8dtone beds (beds
A, B and C in Fig. 6) previously described by Ogs&perber et al. (2009). Bed A (Fig. 8a) is bipertiith a lower
laminar and an upper chaotic portion separatedshagp surface. The lower part consists of a subaftennation of
dark peloidal micrite and whitish carbonate lamicigig. 8c). The latter are composed of clotted ir@arontaining
curved filaments up to 3@n across (Fig. 8d). The micrite encloses irregodasities, 86-200Im in size, filled with
microspar (Fig. 8d). In the upper part of bed Ag(Rb), the laminae are broken, deformed and resebitk three main



horizons. This fabric suggests the penecontempotenand almost in place reworking of the microbaatiy
subaqueous unidirectional currents.

The upper two layers (B and C) show completelyedéht characteristics and internal organizatioreyTdre composite
beds characterized by a chaotic brecciated divisagamwiched between two laminated grainstone lageegse-
grained below and fine-grained above; these benl®eanterpreted as slurry-beds, i.e. depositsabatimulated
rapidly from a flow that was transitional betweededris flow and a turbiditic flow (Lowe & Guy, 20Pand that
maintained a chaotic division. The chaotic poriieeiudes blocks and rip-up clasts of whitish micriimestones (Fig.
7c, d). Observations at the microscope suggesthibagrainstones and rudstones mainly consisttigdlasts coated by
laminated rims of clotted micrite of probable migia origin. The same rim is present, coating sklgrains such as
worm tubes (Fig. 8e). These sedimentological atbgeaphical features suggest that these carbdeate were
deposited by gravity flows.

Qualitative micropaleontological observations ia frakhna show that the planktonic foraminiferacdigeontinuously
present along the section and disappear just abedé\ (Fig. 5), while benthic foraminifera (mairBplivina and
Bulimina genera) last occurrence is observed imatelyi below bed B. Calcareous nannofossils, fabyndant in the
section, are also present above bed A with aburatahtnonospecific assemblages (Umbilicosphaera

rotula), but disappear above bed B (Fig. 5). Thd mterval between beds B and C contains cuspilaivalves, i.e.
Tropidomya aff. abbreviata (Forbes, 1843) and @englia aff. costellata (Deshayes, 1835). These bigalkig. 9)
suggest an outer shelf/slope depositional muddir@mwent in all likelihood substantially deepernh00 m (e.qg.
Sturani, 1976;Merle et al., 2002).

Orszag-Sperber et al. (2009) interpreted theseooatbh layers as microbialites formed at very shatlepth
(stromatolites), that were eventually subjecteduioaerial exposure based on the inferred presdnsizcation
cracks and tepee structures.

Clotted fabric of micrite and the occurrence ddiiilents, likely representing remains of microbesgoled in the lower
part of bed A actually support a microbial origor these deposits. However, we have found no ew@lehshallow
water or subaerial exposure in these layers. Maemn the basis of the clastic facies recogninetié carbonate beds
(in the upper portion of bed A and in whole B ant&tls), we suggest that these deposits derivetfiem
dismantlement of a penecontemporaneous carboratferph or ramp, probably deveoped above struchigils
surrounding the Tokhni area, and their resedimiemtan relatively deeper (epi-bathyal) waters.

Macrofaunal data from intervening marls lend suppmthis hypothesis suggesting an outer shelf/upjope
depositional setting.

These carbonates record the onset of stressedemeéntal conditions, favouring the growth of midedlmats at the
sea bottom, not necessarily at shallow water deptinder subaerial conditions. This interpretat®also suggested by
the presence of monospecific calcareous nannofassimblages.

The evaporites (Kalavasos Formation)

The Kalavasos formation has been studied not anlge Tokhni section, but also in other sectionsmpping
between the villages of Tokhni and Psematismenigs @ and 5c¢).

In the Maroni/Psematismenos basin the boundarydsetthe Pakhna and Kalavasos formations is sharp

and characterized by an angular unconformity. Aftdiobservation of the uppermost part of the Pakhormation in
the Tokhni section, from section To-2 to To-0, sko(i) an homogeneous NW dip°[&f the Pakhna formation; (ii)
the disappearance of the PK-B member; (iii) thegpgssive truncation of the carbonate beds of thédPKember
(Figs 5 and 6); and (iv) an angular discordancappiroximately 7 characterized by a steeper inclination of the lodise
the Kalavasos evaporites (}vith respect to the Pakhna Formatiof) (&Il these elements indicate that the base of
the evaporites is an angular unconformity assatiafth an indeterminable hiatus. Moreover, the Loweit of the
Kalavasos Formation consists exclusively of clastigporites derived from the dismantlement of pringvaporites.
The MSC evaporites in the Maroni/Psematismenosilisi be separated into three main units.

The Lower unit includes several clastic gypsuméadgiig. 10). The lowermost portion cropping outhie To- 0
subsection consists of a composite bed (Fig. 1@aina 4 m-thick, formed by: (i) a 2 m thick lowdrantic division
with an irregular and erosional base consisting ofixture of gypsum blocks with banded and massélenite, sparse
selenite crystals in a shale and carbonate magrixed from the underlying Pakhna Formation; (iDsacm-thick
gypsrudite division showing normal gradation arattion carpets of clay and carbonate clasts; aifié (1.5 m thick,
normally graded gypsarenite division with a basalrp bypass surface and characterized by paralietipple cross-
lamination. This composite megabed is overlain By&m thick interval with an overall fining-upwardetrd, exposed
in the Tokhni and in the Psematismenos quarriefydimg gypsrudite, gypsarenite and gypsiltitediimto m-thick
beds, each one showing normal gradation, crossaltion and hummocky cross-stratification in the emportion of
the beds. In the Psematismenos quarry well-preddossils of the hyperhaline crustacean ArtemimagFigs 10b
and 11a) have been found in a whitish gypsiltiterival at the top of a gypsarenite bed with hummock
crossstratification (Fig. 10e). In the Tokhni qyaigypsum cumulate laminites are found in the uggaet of the unit
(Fig. 11). Gypsum cumulates are made up of aciaulgstals up to 1.5 mm in size; less common whitghinae
consisting only of coarser crystals, are alternatitéhl composite brownish laminae, more rich in cardite and organic
matter, formed by finer crystals (Fig. 11b, c). Gym cumulates, that formed at the pycnocline iaterfand then
settled down and accumulate to the bottom, coule h&en deposited at any bathymetry.



Anyway, in this case bird foot prints (Fig. 10@¢ognized in a gypsiltite/arenite bed in the upmestpart of the unit,
suggest deposition in a very shallow-water envirennduring the acme of the Messinian salinity srisi

The Intermediate unit is again a chaotic unit vaithhaximum thickness of 3 m (measured in the Toglgpsum quarry)
that, differently from the previous one, considtaast exclusively of fragments of cumulitic gypslaminae (the so-
called ‘marmara’ variety).

The Upper unit consists of a metric alternatiogysum and shale beds. Three gypsum/shale colnale¢sbeen
recognized along the old road parallel to the higfFig. 5c; section UG). The gypsum beds showmaptetely
different facies from the underlying deposits, lgdisrgely formed by bottom-grown gypsum selenitd sabordinately
by cumulate deposits. A more detailed descriptiothis unit has been obtained from the sectiorthefolemi basin,
where this unit crops out more extensively.

Polemi basin: the Kallepya-Lethymbou- Polemi composite section

A more complete succession of the Kalavasos Foomatkposed in the Polemi basin allowed a detatiedlysof the
vertical and lateral facies changes in the MSCsusimilar to the Maroni/Psematismenos basin thisétion has been
subdivided into three subunits (Fig. 12).

The Lower unit is 3840 m-thick and consists of clastic evaporite deposi chaotic unit, consisting of a carbonate
breccia locally including clasts of primary shallevater bottom grown selenite (Fig. 13a), is commigmresent in its
lowermost portion; it corresponds to the so-caltedre jaune’ (Rouchy, 1982; Orszag- Sperber ¢2809). This
chaotic unit, characterized by an erosional bagdhee and abrupt lateral thickness changes, fiesnformably over
the barren interval of the uppermost Pakhna Fomomatihich records a progressive upward depletidioraiminifera.
The chaotic unit is capped by a clastic gypsumwhith includes gypsrudite, gypsarenite and gyipsitieds emplaced
by subaqueous low-density gravity flows (Fig. 18bf). These beds, showing erosional base, nornaalagion, and
traction-plus-fallout structures (climbing rippleslke alternated with laminar gypsum intervals figs. 13b, d). This
laminar gypsum variety is locally known as ‘marmaitacan be easily broken into flat slabs andtftis reason it is
exploited in quarries, which represent the mairciayts. It is formed by thin-bedded (mm to cm) priyneumulate
laminae separatedby thin carbonate and organiemagheers (Fig. 13b, e). Like in the Tokhni quagtion, the
gypsum cumulates are formed by an alternation (Fid, e) of whitish (coarser crystals) and compgdsibwnish
laminae (more rich in carbonate and organic maiemed by finer crystals). The whitish/browniskeahation would
possibly reflect pluri-annual salinity fluctuatioothe brines, as larger crystals could be theliesf a reduced
number of crystallization nuclei, which grow largeompared to the finer crystals. The coarser lamizontain locally
whitish nodules made up of cm-long gypsum prisnieylgrow displacively, deforming the brownish cuatel
laminae. Locally, the latter drape the noduless thuggesting a very early formation.

The Intermediate unit can be observed in smallropgand consists of chaotic intervals derived atreaclusively
from the resedimentation of the gypsum cumulateefagmarmara variety). A thickness o105 m has been
estimated.

The Upper unit consists of up to six primary gypsweds (UGEUGS6; Fig. 12), with thickness ranging between 1 and
6 m, alternating with poorly exposed intervals eige and grey marls and marly limestones. The dvbiekness of
this unit has been estimated at around@&®0m (Rouchy, 1982), although lateral thicknessatmlity, mainly related to
syn-depositional tectonic features, has been obdeihe contact with the underlying unit is app#yediscordant and
the lowermost gypsum beds (UG1) onlap againstrifernara chaotic’ interval (Figs. 14a, b). This eabis probably
related to the irregular topography created byctieotic unit rather than a tectonic discordanceyiasessed by the
absence of significant change in bed attitudes éetvihe Lower and the Upper units.

It is worth noting that the vertical organizatioftiois unit remains quite constant throughout tob&emi basin
(Lethymbou, Polemi and Stroumbi sections) in teofstacking pattern and evaporites facies distiaougFigs 12 and
14). UG1 is a 45 m thick gypsum bed entirely composed of bandézhie deposits showing minimal variability in
crystal size. UG2 is the thickest bed (up to 6 ng eonsists of a lower portion+{8 m) with large twinned crystals
overlain by a banded selenite facies. Fish rema#idghanius crassicaudus (G. Carnevale, pers. cofim.15), a
taxon largely found in the Messinian units (seen@wale et al., 2006 and reference therein), haga becognized in
the marls below this bed east of Lethymbou. UGBstaith about 1 m of whitish laminar gypsum, wigtanular
cumulate alternated to thin selenite crusts, cayyeal gypsarenite bed of similar thickness. UG#4staith 70 cm-
thick gypsrudite and gypsarenite layer capped bythick laminar gypsum interval, similar to the afehe bed UG3,
in turn overlain by a-23 m thick, banded selenite bed. UG5 is a 4 m-thielkded selenite bed sandwiched between 2
laminar gypsum intervals, 1 m-thick each, againghg granular cumulate and subordinate thin setegritists. UG6 is
the thinner bed, 1 m-thick, consisting of whitisipgum formed by mm- to cm thick laminae. The laraiage made up
of graded, granular gypsum crystals up to 0.3 msize. Cyprideis and Ammonia are present in théeshzelow bed
UG6, whereas abundant mollusc remains are foutiteabp of the bed and intercalated with the lamiffégs 12 and
15). Burrows filled by gypsiferous greenish mud laeally present.

This fossil fauna is relatively diverse and inclsdiennocardiine (e.g. ‘Pontalmyra’spp.) and Dreigseivalves, and
gastropods such as hydrobiaceans (Saccoia) andhdfedis narzolina. Biosomes are preferentially,fmitexclusively,
found in the laminar interface and bivalves arethgasticulated. This fauna is compositionally samhat similar to
post-evaporitic Lago-Mare assemblages from othes $in the Messinian Mediterranean basin (e.g.&%aviani,
1989; Esu, 2007; Taviani et al., 2007; Esu & Gir@D08; Guerra- Merchan et al., 2010; Angelonalg2011; ).



Regarding Cyprus specifically, Rouchy et al. (20@port a relatively diverse Lago-Mare gastropaut$ @stracod
fauna, and Characeae from a 25-m-clayey intervaldzn the UG6 bed and the base of the PliocerteiRPolemi
basin (Giolou section). These authors also mertinmdant Limnocardiidae and Melanopsis fromgypsifigal
laminites linked to the uppermost gypsum layeiifumton very similar to UGS 6. Ecologically, thgpgum-embedded
fauna could possibly document a short-lasting shalater anomalohaline water body; however, hatethl these
mollucs. Possibly due to an increase in evaporatios habitat somehow suddenly reverted into exip@onditions,
likely lethal to anomalohaline biota whose sheti$ then entrapped in the gypsum.

According to Rouchy et al. (2001) a clayey interwBiround 25 m in thickness rich in Lago-Mare gasbds,
ostracods and charophyte remains, is present betiiedJG6 bed and the base of the Pliocene in oheni® basin
(Giolou section). In the few metres encompassiegMlessinian-Zanclean boundary exposed along aadid south of
the Polemi Village, above UG6, we observed a 1thiok massive sandstone bed, that overlays a peapggsed
paleosol, capped by 1 m of grey clays containinigsimipper part an ostracod assemblage including¢arniculina
djafarovi, Euxynocythere praebaquana and C. adiigggrmixed with reworked Eocene and Miocene forafers.

This ostracod assemblage is typical of the upperirago-Mare phase (Gliozzi & Grossi, 2008). A dastganic-rich
layer separates this uppermost Messinian deposits the whitish Lower Pliocene marls characteriag@pen marine
foraminifera. This dark layer yields Lago-Mare faui€. agrigentina), Pliocene planktonic foramirafand Miocene to
Eocene reworked planktonic foraminifera; this ish@ably the result of the bioturbation observechmfield affecting
its uppermost part. It closely resembles a sinhélger described in the Northern Apennines (Gengiaai., 2008) at the
Miocene- Pliocene boundary. The basal Pliocenesenly yield foraminifera, mainly planktonic (manl
Globigerinoides spp. and Orbulina universa); theuoence of Neogloboquadrina acostaensis destilatcand the
absence of Sphaeroidinellopsis and Globorotaliggarétae suggest the occurrence of the basal MBHobk.

Pissouri basin: the Pissouri section

The pre-MSC unit and the onset of the Messiniamisgakrisis

A nearly complete Messinian succession extendioi fihe upper Pakhna Formation up to the Zanclegpsasut in
the Pissouri basin. Due to the well-expressedltifioal cyclicity, the pre-evaporitic successiors feeen studied in
detail in the Pissouri Motorway section (Krijgsmetral., 2002; Kouwenhoven et al., 2006; Morigilet2007) that
represents a reference section for the definitidh@onset of the Messinian salinity crisis in Bestern
Mediterranean. In order to compare the onset oétagorites observed in the Maroni/Psematismendsratie
Polemi basins, we focused on the uppermost podiidhe Pissouri Motorway section, precisely froncley5 of
Krijgsman et al. (2002) upward (Fig. 16) that adiog to these authors lacks robust chronostratigcagpnstraints
because no bio- or magnetostratigraphic events hese clearly identified.

After a stratigraphic and sedimentological revisifithe section we suggest as showed in Fig. H tlie onset of the
MSC is not present and that a clastic eveporitenasts unconformably on the pre-MSC deposits @Rhkhna
formation. Our interpretation is based on the follty observations.

- The chaotic bed described in Krijgsman et al. (30923andwiched between two carbonate layers tnat been
correlated with two insolation minima. In our ominithis interval cannot be considered for astrolahtining
purposes because both the chaotic and the induratkdt its top (cycle 3 of Krijgsman et al., 200&re emplaced by
a gravity flow and thus in a geologically instargans event. In our opinion, the latter is actualiyixed, carbonate
and siliciclastic, graded bed (Fig. 16c) genetjcasociated with the slump.

- The slump interval includes slabs of a carbonatedimilar to those present below it, but moving42080 m
toward NE a large (up to 8 m high and a few tens ¢dirge) reefal limestone block is also presenguir interpretation
this block been transported from an adjacent tagaiyc/structural high following the dismantlemehtashallow
water carbonate platform.

- Only two of the carbonate beds used by Krijgsmaad.g002) for the definition of the lithologiceycles between
cycle 3 and the base of the evaporites have artegksimilar to the beds below the slump. Moredhes are clastic
carbonates (Fig. 16d) showing clear evidence offrart by unidirectional currents and emplaceddwniagically
instantaneous gravity flows. This is similar to whbserved in the Tokhni section, where the uppstmortion of the
pre-evaporitic formation is characterized by thesence of clastic carbonate deposits. Unfortunatelguitable bio-
magnetostratigraphic constraints occur in thisiporof the section (Krijgsman et al., 2002).

- The evaporite unit is not composed of in situ priyrewvaporites, but of a sedimentary chaotic ueitesal

tens of metres thick, including carbonate breccistal carbonate blocks, gypsrudite with pebbfgwionary shallow-
water selenite, and blocks of cumulate and clagtizssum (Fig. 16e, f). This chaotic unit is cappg@bl0 m of
gypsrudite and gypsarenite graded beds; on tolpestt 68 m of yellowish laminated fine calcarenites andssize
limestones are present below the lowermost local®l-water in situ selenite bed attributable te tpper gypsum
unit.

- Even if the age of the chaotic gypsum unit canmoti&fined, the presence of branching selenite (latgll., 2010)
blocks, which first appearance in the Western Methinean has been reported only from PLG cycleipttards,
suggests that the chaotic could be significantiynger than the MSC onset.

Furthermore, if we consider that (i) the successielow the chaotic megabed is older than 6.1 Mgd&man et al.,
2002); (ii) the C3An.1n normal chron lasted 10 pe=ional cycles (Sierro et al., 2001); and thgtdiily two possible



lithological cycles are present above the chaotigabed, thus, a different tuning (Fig. 16) implythg presence of a
hiatus of undetermined duration at the base ottlamtic gypsum can be proposed.

If our stratigraphic interpretation is correct, theese of the evaporites in the Pissouri basin doesorrespond with the
basin-wide onset of the Messinian salinity cribist, it represents a regional-scale erosional serésoding the deposits
accumulated during the stage 1 of the MSC, eith& Br their deep water evaporite-free time equingléhat were no
longer preserved in situ in this area. Consequewdysuggest that the first evaporite unit corresisdo the
Resedimented Lower Gypsum unit (RLG, Roveri et2ilQ8a,c) and the surface at its base, to the kiassérosional
surface (MES).

Mesaoria basin:Kato Moni section

Kato Moni is the only section that we have studiethe Mesaoria basin, in the northern side offttedos Massif
(Fig. 1). In the Kato Moni area (Fig. 17a) an amaguinconformity between the Pakhna and the Kala/&somation
has been recognized (Follows, 1990; Robertson,et@5). The main outcrop of Messinian evapoigdecated in a
small abandoned quarry (Lat3649.20° N, Lon 33604.01” E) located 1 km east of Kato Moni (Fig. 17b). Here,
in a 20 m-thick succession (Fig. 17c), we have gated four gypsum beds separated by very thin (fethick)

shale intervals. Each gypsum bed is bipartiteldfaer part is thinner @2 m-thick) and consists of cumulate gypsum
in sub-centimetric laminae (Fig. 17d), the uppet @athicker (3-4 m-thick) and made up of massive or banded
selenite, grown in situ. On the basis of faciedagias, overall thickness and stacking patterrhefdvaporites exposed
in the Maroni/Psematismenos, Pissouri and Polesinband the occurrence of the unconformity abtme of the
evaporites, we suggest that this unit correspomtiset Upper Gypsum unit and the basal unconforogtyesponds to
the Messinian erosional surface (MES).

Mesaoria basin:Xeri borehole (Gass,1960)

Further data on the MSC of the Mesaoria basin ean b

obtained from literature. The Xeri borehole (Fi§; 1

Gass, 1960; located few km SW of Nicosia, approsétyaat LAT 356044” N, LON 3318 21” E; Robertson et al.,
1995) describes a tripartite evaporite unit witletal thickness of ca. 500 m capped by a Plioceag garl unit
containing shells fragments. From the bottom itudes: (i) a basal 60 m-thick grey marls unit caritey anhydrite;
(ii) a ca. 290 m-thick salt unit consisting of taneure salt intervals separated by two thin marilzbas (for which a
total thickness of 9 m was estimated); and (iit) 120 m-thick grey marl unit containing gypsum,bzarate and
igneous rock fragments. In our opinion this unésa te regarded as the Upper Gypsum unit succesgipping out
along the southern margin of the Mesaoria basin.

Strontiumisotopes

Thes7SrkeSr isotope ratio has been measured on six gypsmplesa (Table 1); their values are plotted in Figy. 1
against coeval global ocean values and the getreral for the MSC as recently compiled by Roveale{2014b) that
provided a complete recalibration of the Messirgaaporites Sr values based on sedimentologic aatigsaphic
review of the MSC record.

Two samples have been collected in the lower clastits of the Kalavasos Formation: one in a blofchrimary
selenite in the Pissouri section, and a secondrotie brine shrimp-bearing gypsiltite of the Psésmenos quarry
(Maroni/Psematismenos basin). They provided vanjlar values (0.708951 and 0.708966, respectivaigr
0.00002) that plot very close to the field of theb@l ocean (Flecker et al., 2002; Flecker & Ell@&006) and show the
typical signature of the Primary Lower Gypsum défgas ugli et al., 2010; Roveri et al., 2014b). $isuggests that the
clastic units made up by recycled primary shalloater gypsum deposited during the first stage oMesasinian
salinity crisis. Conversely, four samples from tgper Gypsum unit, collected in the lowermost anthe uppermost
cycles (Table 1) provided values unequivocally lowran the previous ones that (0.70879%.708866_0.00002) that
plot in the field of the Mediterranean Upper Evages (Roveri et al., 2014a).

DISCUSSION

In their paper, Orszag-Sperber et al. (2009) calecthat “the onset of the massive evaporites” iprGy basins was
anticipated by an important event “representedhaotic formations and/or by episodes of desiccadimh
development of shallow water microbial carbonatesmunities” that “records a significant drop of thater level that
predated the deposition of the lower gypsum.” Meezdhe authors argued that “reworking of largecktoprimary
gypsum” in the barre jaune unit “indicates that dinset of the massive gypsum precipitation is mat#y coeval in the
different basins from Cyprus and thus at the Mediteean scale”.

Our new observations and data suggest a diffeeganistruction of Messinian events in Cyprus.

Useful stratigraphic tools for the definition of theMSConset, in Cyprus-

Our study of the pre-MSC succession reveals thétarCyprus basins the onset of the Messinianigatrisis cannot
be easily defined. The lower Messinian Pakhna Foomas generally characterized by hemipelagic sedits with a
well-developed lithological cyclicity, which hasdreastronomically tuned in previous studies pragdin age
estimation of the onset of MSC (Krijgsman et al02; Kouwenhoven et al., 2006; Morigi et al., 200rszag-Sperber
et al., 2009). Conversely, the uppermost portiothefPakhna Formation (carbonate member, PK-Bnsigated by
clastic carbonate deposits. As a consequence thestiatigraphic approach should be used with oaut avoid errors



in the age estimate of the MSC onset that couldyse an apparent diachroneity of this event (seaudsion in Manzi
etal., 2011).

Alternatively, we suggest to use palaeoenvironniemtd palaeocenographic proxies to define the aofstbie MSC.
Thus, on the basis of the last occurrence of ptam&tforaminifera (Fig. 6) the carbonate layersri8l & of the Tokhni
section could be considered as time-equivalert@fdwermost stage 1 primary evaporites (PLG).

The onset of the evaporites vs. the onset of Messinian salinity crisis in Cyprus

The study of the evaporites of Cyprus revealsttian situ shallow-water primary selenites simttathose deposited
during the stage 1 of the MSC (PLG; sensu Roveal.eR008a,c) either in the Western and in thedfas
Mediterranean (Greece; Karakitsios et al., 201/®) paeserved in the Cyprus basins; instead a catephewer
Evaporite’ unit mainly consisting of gypsrudite agypsarenite emplaced by gravity flows occur abibreclower
Messinian pre-MSC deposits.

A carbonate unit named ‘barre jaune’ (Rouchy, 19&2hmonly, but not always, is present at the bésesoLower
Evaporites; this unit has been usually considevaddrk the onset of the Messinian salinity crifiechy, 1982;
Krijgsman et al., 2002; Kouwenhoven et al., 200@&yrigi et al., 2007) or to record a significant $&zel drop
anticipating the MSC onset (Orszag-Sperber eR@0D9). Actually this unit is a carbonate brecciguding gypsum
clasts and blocks (see description of the Kallegnyé Tokhni sections), showing high lateral thicleneariability. In
our interpretation, this is not a clastic unit freing the onset of the MSC (Orszag-Sperber e2@0D9), but a chaotic
unit vertically and laterally associated with clagfypsum deposits of the Lower unit. The baséisf¢composite clastic
unit, including both carbonate and gypsum, is dore)-scale unconformity showing a strong erosiateracter and
locally associated with an angular discordance {sddani section). Thus the base of the evaporitéSyiprus does not
represent the onset of the salinity crisis in thexdierranean that is instead preserved in deeprwatporite-free
deposits of the uppermost Pakhna Formation andeddri the disappearance of foraminifera, as docteden
elsewhere in the Mediterranean (Manzi et al., 2@073; Dela Pierre et al., 2011; Gennari et allL.330

The origin of Cyprus evaporites

The evaporite suite of Cyprus includes primaryhtmimulate and bottom grown, and clastic deposits.

The in situ bottom-grown facies are found exclulsive the Upper Gypsum unit, whereas the Lower Giypsinit
includes only clastic and cumulate facies. ThisraN®rganization is the same of that describedHerintermediate
basins of the Mediterranean (Roveri et al., 2014d) basins at an intermediate depth, roughly betw200 and 1000
m, that were too deep to allow the deposition dfdro-grown selenite, but that were not the deepasins in the
Mediterranean.

Strontium isotopes obtained from the clastic usie(previous paragraph; Fig. 19) indicate theiodiipn during the
first stage of the Messinian salinity crisis, whbka Mediterranean water body was still only sligldiluted by
continental input (Roveri et al., 2014a,b). Consatly, we suggest that all together the ‘barre gaamd the clastic
gypsum of the Lower Unit can be ascribed to theeRiesented Lower Gypsum unit (RLG; sensu Roverl.eP808a,
2014b) of the Western Mediterranean ad belongingectage 2 of the MSC. Our data (Fig. 20) tegtithe erosion
and the resedimentation of shallow water bottonwgreelenite deposits of MSC stage 1 that were (ighacated on
structurally more elevated basins, maybe abov&tbedos massif that, according to the presencatefTortonian-
early Messinian reef units (Koronia member) boagdirio the south and to the north (Follows et #96), could have
been located at shallow water at those time. Thasgary evaporites have been successively upldredieroded
following a phase of tectonic activity. This coldd possibly related to late Miocene change in stregime suggested
by Kinnaird & Robertson (2013). Thus, the angulacanformity flooring the Lower Evaporites of the |[K@asos
Formation of Cyprus does not represent the onseteoMessinian salinity crisis, but can be moresoeably correlated
with the Messinian erosional surface, i.e. the ldMSC stage 2.

In the upper portion of the Lower Unit of the Kadaos Formation, in the Polemi basin we have obdeaméncrease in
cumulate gypsum facies (‘marmara gypsum’) with eespo the clastic ones. Moreover, the overlyirtgrimediate unit
is a chaotic deposit almost exclusively made upunfiulate and subordinately fine-grained clasticsgyp. This
suggests a change in the depositional processhe eVaporites.

Initially, the bottom-grown selenites, depositedidg the first stage of the MSC (PLG, sensu Roeesl., 2008a,c),
were eroded and resedimented by gravity flows. fpeitial dissolution could have favoured the fotiora of higher
salinity and denser brines able to sink and relelbbttom of the basin. This, in turn, could haegutted in a
generalized increase of the salinity of the watassmand in a more efficient precipitation of cunmilerystals. A
similar change in evaporite facies has been destiito Sicily (Roveri et al., 2008a; Manzi et aD12) where the
clastic gypsum, and carbonate deposits, are uptnamnditional to primary cumulate deposits, botlyysum and
halite. In our opinion the facies change obserweithé Cyprus successions could have the same otfigis suggesting
that the deposition of the RLG could be associaitiéll the deposition of the halite in the deepettiporof the
Mesaoria basin. The chaotic marmara deposits stiglpge instability, possibly related to synseditaeytectonic
activity, which has been commonly observed in matter basins during MSC stage 2 (Roveri & ManzD@&0
Finally, based on facies analysis and strontiurtofg® ratio the Upper Evaporite unit can be cleedsrelated with the
Upper Gypsum unit that accumulated during stagetBeoMessinian salinity crisis in Sicily (Manzi &lt, 2009). This
helps to constrain the age of the resedimentedugy@sd associated halite and gypsum cumulates.

Sealevel drop associated with theMSC



An important sea level drop immediately precedmganset of the Messinian salinity crisis has m@nsaged by
Orszag-Sperber et al. (2009) based on the recogrofishallow water and desiccation features irtlihee
stromatolite-bearing carbonates underlying the masss/aporites and of large reworked fragmentsh@n‘barre jaune’
of the Kallepya section, Polemi Basin).

Our observations suggest instead that these infstrematolites, are actually clastic carbonateodiéed by
subaqueous gravity flow, which do not show evidersicghallow-water deposition or subaerial expositereover,
according to the fossil content of the interveninarls, these carbonates accumulated in an epi-fladlepositional
setting similar to the underlying deposits. Thiggests that the onset of the MSC, approximatelgtéxt on top of
carbonate bed A in the Tokhni section (Fig. 5pasassociated with a significant sea level drop.

As for the Polemi basin, in our opinion the ‘bgjaane’ simply represents a lateral facies changhdrclastic
evaporites that are present in the basal parteoEtiwer Evaporite unit of Cyprus.

We propose that the base of the Lower Evaporited the Cyprus basins does not mark the onsdteoMSC but
corresponds to a regional-scale unconformity, wHos®ation is related to an important tectonic eueat led to the
erosion and resedimentation of the primary evag®edeposited during stage 1. This tectonic actithitgt could have
been related to an earlier phase of collision efGyprus Arc against the Eratosthenes microplatdddcave resulted
in the tectonic uplift of the Troodos Massif andtie reduction in the paleodepth of the surrounthiasgjns, leading
locally to conditions close to emersion, as suggkbly the bird foot tracks recognized on top ofdlastic evaporites in
the Tokhni quarry. The local development within MSi&ge 2 deposits of sedimentary features indigatirort-lasting
episodes of emersion (as found in the halite ofy§icugli et al., 1999; Roveri et al., 2008a) ikdly related to a
combination of base-level drop, tectonic uplift adlimentation rate of evaporites. It is worth mgtihat the
ephemeral development and preservation of sucloshalater environments in an uplifted area of maagbasins
appears to be incompatible with a deep desiccafitine Mediterranean.

Eastern vs. western Mediterranean correlations

As observed in all the Cyprus basins, the Uppers@gpunit seals the intra-Messinian tectonic phidsdike the
underlying evaporites, they mainly consist of priynavaporite deposits alternating with shale/ nradrvals. These
deposits are vertically arranged to form 6 lithadadjcycles that are entirely similar to the Upfampsum of Sicily and
a tentative correlation is here proposed (Fig. Blyomparison with the Upper Gypsum successidBiafy, one
evaporite cycle is apparently lacking in the Poleasin. In the Polemi basin the Upper Gypsum uritas a weak
lateral variation in terms of evaporite facies,legmumber, stacking pattern and overall thickndgsrrigenous
interval of variable thickness including-2 conglomerate beds and a similar number of pailsosan be observed in
both the Polemi and Pissouri basins in the upperpars of the UG unit, below the Messinian- Zanoléaundary (see
detailed description in Rouchy et al., 2001). Tihierval, containing fresh-water ostracod and nsalassemblages
typical of the Lago- Mare, resembles the terrigenioterval below the"7gypsum bed in Sicily (Manzi et al., 2009)
and could be tentatively correlated with the ptait of the Northern Apennines (Roveri et al., 199@01; Roveri &
Manzi, 2006; Roveri et al., 2008a). If this cortila is correct the deposition of the gypsum inphecessional cycle
preceding the M-Z boundary could have been hampgyddcal paleoenvironmental conditions, e.g. |ddgher
runoff.

Is there anyway to constrain the timing of halite deposition in Cyprus and in the

EasternMediterranean?

Unfortunately, the age of deposition of the mailitdainits during the MSC cannot be defined witlsahte dating,
thus, at the moment, waiting for a deep borehadssing all the deep evaporite suites buried befmaMediterranean
seafloor, the only possibility is to define a ralatage adopting the stratigraphic constraints idex by the underlying
and overlaying units. We have tried to put togetikethe stratigraphic data and to speculate omptssible solutions.
The best place to try to face this problem in Cggsauthe basin extending from the onshore Mesdmarsin to its
offshore continuation, the Larnaca-Latakia basin.

In the Mesaoria basin the presence of halite has becognized by boreholes (Gass, 1960; Robertsan €995; Fig.
18), whereas in the Larnaca-Latakia basin (Fighé&)presence of halite has been inferred from seiprofiles by
(Robertson et al., 1995; Maillard et al., 2010)céwaling to the seismic stratigraphic reconstrucpoovided by
Maillard et al. (2010), the MU unit in the Larnakatakia basin, mainly made up of halite, could be@ated with the
thicker unit of the Levant basin. If we assume timimajor hiatus ispresent in the halite unit ddlin the Mesaoria
basin, a tentative correlation with the deep readrithe Levant basin can be proposed (Fig. 22yetating the main
clastic intercalations that are present in thetdainit (Xeri Borehole; Gass, 1960) with some piacdkatures seen in
the seismic record, as the brittle layers of thenaka-Latakia basin (Maillard et al., 2010) or High-amplitude
reflector packages of the Levant basin (Gvirtzmaa.e2013), and tentatively tuned to astrononuicves (Roveri et
al., 2014b; Fig. 22). Here we speculate that theSNtEthe onshore basins of Cyprus can be correlsitiacthe surface
at the base of the offshore evaporites (BES of Igfdlet al., 2010), thus implying that the evamdeposition in the
deeper basin started only during the 2nd stagkeeoMessinian salinity crisis (5-6.55 Ma), as already proposed for
the western Mediterranean (Lofi et al., 2005; Masizl., 2005; Hilgen et al., 2007; CIESM, 2008yRo et al., 2008a;
Roveri et al., 2014a,b,c). Similar conclusions hbgen recently suggested also for the deeper ptme &astern
Mediterranean (Lugli et al., 2013).

CONCLUSIONS



A thorough revision of the uppermost portion of greevaporitic succession (Pakhna Formation) anldeoMessinian
evaporites (Kalavasos Formation) cropping out élthland of Cyprus confirms that the general Weskéediterranean
stratigraphic framework (CIESM, 2008; Roveri et a008a,c) also applies to this region of the Eadtéediterranean.
In particular our analyses reveal that:

- The pre-Messinian salinity crisis unit is truncaggdhe top by a regional-scale unconformity thed at the base of
the Cyprus evaporites;

- No shallow-water Primary Gypsum deposits (PLG; adRaveri et al., 2008a,c) have been preserveduniastead,
laminated and clastic limestones have been observed

- Primary Lower Gypsum deposits were probably depdsit more elevated basins (e.g. top of Troodos,
Kyrenia) and were later dismantled and resedimeintecthe adjacent basins, where they have beesepred;

- The onset of the Messinian salinity crisis can laegd in the lower part of a gypsum-free unit étasarbonate

unit;

- During the erosion and resedimentation of the Piyrhawer Gypsum unit a regional-scale unconformity,

locally associated with an angular discordance, praduced in the shallower basins. It correspoodhd Messinian
erosional surface (MES; sensu Roveri et al., 2@)&ad can be traced at the base of the evaparitee deeper
basins;

- The Kalavasos evaporites can be separated inte timits;

i The lower and the intermediate unit are mainlydmap of clastic deposits and locally include lea(iiuried in the
Mesaoria besin); they can be correlated with theeRienented Lower Gypsum deposited in the Westemit®teanean
during the 2nd stage of the Messinian salinityi€(RLG; sensu Roveri et al., 2008a,c);

ii Resedimented Lower Gypsum deposits also camdec(locally) very shallow-water deposits as dertrated by bird
tracks and the well-preserved layers of brine-spsimnd their moults seen in the Maroni sectiongvidence of
significant subaerial exposure has been found withis unit;

iii the Upper unit, containing up to six shallow-tena

primary selenite/marls couplets with typical Lag@id assemblages, corresponds to the Upper Gypsitiu@)
sensu Roveri et al., 2008a,c) and have been defdatiting the % stage of the Messinian salinity crisis.

- We provided new sedimentological and stratigraplaita that can be useful to understand how the M&EC w
recorded in Eastern vs. Western Mediterraneanrastallow vs. deeper settings.
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Figure captions

Fig. 1. The CIESM (2008)-derived stratigraphic frameworknglified after Manzi et al., 2013) highlighting th&ee stages of the
Messinian salinity crisis and their associated evafe units and key-surfaces. Evaporite units: PR@nary Lower Gypsum), RLG
(Resedimented Lower Gypsum), UG (Upper Gypsum). &afaces (from the bottom): (1) onset of the Mdasisalinity crisis
(5.971 Ma; Manzi et al., 2013), (2) Messinian evasi surface (MES; 5.60 Ma; Lofi et al., 2005; RoweManzi, 2006); (3) base of
the Upper Gypsum/top of the Halite unit (5.53 Man\ter Laan et al., 2006; Hilgen et al., 2007; Mahzal., 2009); (4) base of the
p-ev2 unit (Roveri et al., 1998, 2001; Roveri & Mgr2006); (5) base of the Zanclean (5.33 Ma; Vanv@adng et al., 2000).

Fig. 2. (a) Simplified map showing the distribution of thkessinian evaporites in the Eastern Mediterraneartize location of the
Cyprus Island. (b) Simplified geological and struat map of the Cyprus area including the main démmal basins and the
distribution of the Messinian evaporites on thedattheir facies and thickness. (¢) Locationtdf stratigraphic sections (purple
stars) described in the text. PoB, Polemi basin; Pi#souri basin; Psb, Psematismenos/Maroni biinMesaoria basin.

Fig. 3. Main lithostratigraphic units of the Cyprus IslarfteaRobertson et al. (1995). In light cyan the hestagic deposits that
accumulated in the main Cyprus basins during the Caetaceous to the Late Miocene interval (LefkahRakhna Formations); in
darker cyan the main shallow water reefal unitsod@pd locally on top the main uplfting structunaghs of the Cyprus orogen; in
light magenta the Kalavasos Formation includinghadl deposits accumulated during the Messinianisalirisis.

Fig. 4. Synthetic stratigraphic section of the Messiniapasits in the Cyprus Island by Orszag-Sperber ¢2809) modified to
highlight the evaporite units (light magenta). Add® the right of the original figure, is the nawerpretation presented in this
paper. pre-MSC, pre Messinian salinity crisis deggp8lLG, Resedimented Lower Gypsum; UG, Upper GypdES, Messinian
erosional surface.

Fig. 5. Location and general view of the Tokhni sectioa$.Google Earth satellite view of the area 1 kntlséo the Tokhni

Village with the locations of the measured sectifiis0, To-1, To-2, To-3) and the main lithostragighic units of the Pakhna
Formation (PK-A, PK-Az, PK-Asz, PK-B; see detailed description in the text). Tingt tarbonate bed marking the base of the BRK-A
unit is the yellow line with th®. M/T is the approximate location of the TortonMessinian Boundary (Orszag-Sperber et al.,
2009; this study). It is possible to recognize aw/Elongated anticline with the pre-evaporitic Peklfrormation in the core and the
evaporates of Kalavasos Formation in the flankgidddow moving from south to north the Pakhna Fadiom is progressively cut
by the erosional surface (red line) marking theehafthe Messinian evaporites, here interpreteti@d/essinian erosional surface
(MES). (b) Panoramic view of the sector betweertiges To-0 and To-1 showing the erosional truncatibthe upper Pakhna units
below the MES. (c) Simplified geological map of 8tady area with the distribution of the Pakhnankation (grey), the Kalavasos
Formation (light magenta) and its subunits (LU did UU, stand, respectively, for lower, intermeeliand upper unit). The location
of the sections cited in the text is reported. O@ltircles mark the Tokhni sections (To-0, To-1;Z dlo-3. Yellow stars are for
other cited sections: TQ, Tokhni quarry; UG, Upggosum section; Ch, outcrop of the Chaotic unit; P€matismenos quarry. In
green the two shot points for pictures (a and b).

Fig. 6. The Tokhni sections used for the reconstructiothefcomposite section. The subunits of the Paklona&tion are described
in the text. Lithological cycles given by a marktsanate couplet are numerated from the youngédramlder. Cycle 24 corresponds
with the first carbonate be®) marking the transition between units PKahd PK-A.

Fig. 7. The Pakhna Formation. (a) The first carbonate B8driarks the passage between subunit Rldaal PK-A. Tokhni section
To-1. (b) Detail of thealternation of whitish limestone and red clays abtarizing the PK-Aunit. Tokhni section To-1. (c)
Lowermost grainstone layer of unit PK-B;the bedharacterized by a large amount of rip-up clastgwdstone and grainstone.
Tokhni section To-2. (d) Composite bed (bed B in Bigfiormed by a chaotic brecciated limestone diwvisandwiched between two
laminated grainstone divisions. Tokhni section To-2

Fig. 8. Microfacies of the Pakhna Fm. limestones. (a) Cigsef bed 14 (unit PK-B, Tokni section TO-2). (b¢t@il of the upper
part of the bed; the laminae are broken apart ewdnked by unidirectional currents. (c) Photomiceq of the lower part of bed
14. Note the laminated structure, given by theradtéon of dark and whitish laminae. (d) Detail@farrow indicates the
filamentous microfossils observed in the micriiminae. (e) Photomicrograph of the topmost paliedf 16 (unit PK-B, Tokhni
section TO-2). Angular intraclasts coated by asfrtaminated micrite (black arrow) are visible. Téame rim is developed around
skeletal grains (Anellid tube worms, black arro(f) SEM image of sample TO4 (Tokhni section To-ipwing an assemblage of
coccoliths enclosed by micron-sized calcite crgstal

Fig. 9. Cuspidariid bivalves from marls embedding the ‘distted’ microbialites (the ‘M’ between carbonate bd&@land C in
sections To2 To3 of Fig. 5 mark the exact position) pointing antouter shelf/upper slope deep marine settingCéadiomya aff.
costellata; (b) Tropidomya aff. abbreviata.

Fig. 10. The Kalavasos Formation. (a) Detail of the commoiséd at the base of the Kalavasos Formation iioseto-0; the lower
chaotic portion including blocks of selenitic gypsis overlaid by a gypsarenite division with cresgarallel lamination. (b) Fossil
remains of Artemia salina on a gypsiltite laminatise the ® enlargement in the inset. Psematismenos quarriirgtfoot prints
on a lamina interface. Psematismenos quarry. (gs@nite graded beds showing normal gradatiorbadfbrms related to



unidirectional currents. x-lam, ripple cross lantioa;//-lam, parallel lamination; gar, gypsarenitgar, coarsegypsarenite; fgar, fine
gypsarenite; m, mud. Psematismenos quarry. (egffpearenite bed with hummocky cross stratificatPsematismenos quarry.

Fig. 11. Details of the evaporites facies. (a) Photomicrphraf the gypsiltite bearing the Artemia salinawhan Fig. 10b; the rock
consists of alternating wavy laminae of slightlwoeked wavy gypsum needles cumulates; transmittgd, Icrossed polars; (b)
Alternation of whitish and brownish gypsum cumusat€okhni quarry section. (c) Photomicrograph &f pinevious sample. The
rock consists of cumulitic graded laminae of gypsweadles; the lamina at centre contains largergypsystals and appears white
on the hand sample, whereas the finer grained ker@ppear brownish and contain several discretgeugarked by organic matter
veneers (not visible at the proposed magnificatitapsmitted light, crossed polars. (d) Selendgéduies in the laminar gypsum,
notice the brownish laminites draping of the whittedule. (e) Photomicrograph showing nodules withe laminar gypsum,
selenite crystals have random orientation and arepgd in clusters that are draped by the overpgimulitic laminar gypsum;
transmitted light, crossed polars. (f) Photomicegdr of the mollusk-bearing gypsum laminite. Thdlskare buried by graded
gypsum laminae consisting of granular cumuliticstays; transmitted light, crossed polars. UG6, iRole

Fig. 12. Stratigraphic composite section of the Polemi basiained from the outcrops in Kallepya, LethymbStroumbi and
Polemi. The subdivisions adopted in the Orszag{8pest al. (2009) (see Fig. 4) are reported. Dafiidlly from the previous works,
the ‘barre jaune’ in this paper has been includetthé Kalavasos formation because like the overtagieposits, it contains clasts
and blocks of gypsum. Moreover the base of the Walas formation is an angular unconformity corresiieg to the Messinian
erosional surface (MES) rather than to the ons@t@Messinian salinity crisis as previously pragbéRouchy, 1982; Orszag-
Sperber et al., 2009). The location of samplesctdid for determination of 87Sr/86Sr are numbereah fl to 6; further details are
reported in Table 1.

Fig. 13. Evaporite facies of Lower unit in the Polemi baga). The ‘barre jaune’ in the Kallepya section. Toarser gypsum clasts,
derived from the resedimentation of shallow watgitdm-grown selenite, are marked with the lettgiby.Graded gypsarenite bed
sandwiched between two intervals of laminar gypstine latter consists of a cm-thick alternationinéfgrained clastic and
cumulate gypsum layers (see detail in figure e)hymmbou. (c) Detail of the base of the gypsareée in Fig. B eroding a gypsum
cumulate layer. Lethymbou. (d) Gypsum nodules (etgjted to early growth developed in the upper piatlaminar gypsum (Ig)
interval. Lethymbou. (e) Detail of a laminar gypslayer consisting of alternation of withish andWwrnish laminae. Lethymbou. (f)
Detail of a clastic gypsum bed sandwiched betweeniaminar gypsum beds (Ig);x-lam, ripple crossitaation;//-lam, parallel
lamination; bps, by-pass surface (i.e. a surfackimzgian abrupt grainsize break related to the dmnment bypass of sediment
transported by a gravity flow) After the depositiafithe clastic gypsum by a gravity flow the chimjgrecipitation of gypsum
started again with the gypsum cumulate. Lethymbou.

Fig. 14. Evaporite facies of Intermediate and Upper unithePolemi basin (outcrop photographs). (a ardrbdap of the Upper
Gypsum unit (UG) and the underlying Intermediaté.urhe lower unit consists of a chaotic intenairhed by laminar ‘marmara’
gypsum. The UG unit consists of an alternationhafllsw water primary gypsum deposits (mainly botigrawn twinned selenite
with minor gypsum cumulate and gypsarenite) andeshaethymbou. (c) The lowermost three gypsum pedst of Lethymbou.
(d) Large crystals typically found in the UG2 gypsbeds all along the Polemi basin. Lethymbou. @pgiDof the laminar gypsum
of the UG4 layer consisting of a sub-centimetrteralation of small selenite crusts and cumulatesggp Lethymbou.

Fig. 15. Fossils findings of the Upper Unit of the Kalavagasmation. (a) Specimen of the fish skeleton oh&mus crassicaudus
recovered in the shale interval below the secomdgy bed (UG2). Lethymbou. (b and c) Specimen windcardiinae spp
recovered in the uppermost gypsum bed (UG-6). HolginLamina interface with mollusc remains. A sjpeen of Dreissena isx4
enlarged in the inset. Polemi.

Fig. 16. The onset of the Messinian salinity crisis in tligsBuri basin. (a) Alternative age definition oé thase of the evaporites in
the Pissouri Motorway section, to the right, in garison with the age model of Krijgsman et al. 20@o the left: the succession
after cycle 4 of Krijgsman et al. (2002) consistslastic deposits that cannot be easily tuned wighinsolation curve; the
evaporates overlying the mixed, carbonate andyemadus, clastic unit are also clastic. (b) Scheng®oblogical map around the
Pissouri section. (c) Detail of the composite meghshowing the boundary between the lower chaatisidn and the upper
stratified and graded division. (d) Clastic carbertad in the uppermost portion of the Pakhna Feomatith parallel (//-lam),
cross (x-lam) and convolute-{am) lamination deposited by a gravity flow. (d)elchaotic aspect of the Kalavasos Formation. (f)
Detail of gypsrudite including blocks of laminargpum (including clastic and cumulate deposits) @asits and pebbles derived
from the dismantlement of primary shallow-watertbot-grown selenite deposits.

Fig. 17. Kato Moni section. (a) Location and schematic ggicial map of the study area based on Google Eatétlige images; A
and B the measured sections. (b) Panoramic vieleoltessinian evaporites with indication of cycled &acies reported in the log.
(c) Synthetic log. (d) Detailed view of the lamircmulate facies.

Fig. 18. The stratigraphy of the central Mesaoria basin @ting to the Xeri borehole (redrawn after Gass,0)96ee Fig. 2 and text
description for borehole location.

Fig. 19. The Mediterranean strontium isotope recalibratéer &overi et al. (2014b) highlighting the new Eastélediterranean
data and the ones presented in this work.

Fig. 20. N-S schematic geological section along the Sout@gprus Island across the Troodos Massif. Datumeplksse of the
Pliocene. Modified from Robertson et al. (1995).



Fig. 21. Tentative correlation and tuning of the stage 3suni the Messinian salinity crisis of Cyprus, 8i@nd Northern

Apennines. Original tuning were proposed, respebtjyoy Manzi et al. (2009), for the Upper Gypsuhsily, and by Roveri et al.

(2008c), for the evaporite-free units of Northenpefinine.

Fig. 22. Tentative shallow-deep water correlation of thétbainit. (a) onshore Cyprus, Mesaoria Basin, Xerehole (redrawn
after Gass, 1960; see fig. 18). (b) offshore Cypraspaca-Latakia basin, synthetic seismic profflehe Messinian salinity crisis

units

(from Maillard et al., 2010). (c) offshore Israkévant basin, high-resolution seismic profile of theep halite unit (from Gvirtzman

et al., 2013). (d) section locations. Original tigof halite unit to astronomical and oxygen isetoprves is from Roveri et al.

(2014b) (their Fig. S4 of Supplementary File 2).

Table 1. Strontium isotope measured on Cyprus evaporites. The clastic evaporites ascribed to the RLG unit show the typical Lower evaporites signature of Y7Sr/%Sr. Depleted values typical of

the Upper Evaporites unit has been obtained from the Upper Gypsum deposits. Samples stratigraphic position is reported in Fig. 12

No Sample  Unit %8r/%Sr  Error Basin Section Cycle LAT LON Source
1 PSE-1 RLG 0.708951  0.000020 Maroni/Psematismenos Psematismenos quarry 34°4533.77"N  33°20'22.89"E  Gypsiltite with brine shrimps (Fig. 10b)
2 PIS-2 RLG 0.708966  0.000020 Pissouri Pissouri 32°4(/3.83"E  Selenite block in the gypsrudite (Fig. 16¢)
3 PISS-7 UG  0.708843  0.000020 Pissouri Pissouri Local 1st UG 32°40'15.42"E  Banded selenite
4 TO-1 UG  0.708795 0.000020 Maroni/Psematismenos Tochni Local 1st UG 33°1931.55"E  Gypsum selenite
5 CY-1-g UG 0.708847 0.000020 Polemi Polemi UG6 32°30°31. Gypsum cumulate (Fig. 8)
6 CY-1-m UG  0.708866  0.000020 Polemi Polemi UG6 32°30°31.33"E Mollusc shell (Figs 8and 11)
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