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Abstract — On the Island of Samos (East Aegean region, Greece), two sedimentary basins are filled by thick continental series dated to the Late Miocene to
Early Pliocene. A multi-disciplinary study has been performed including 1) the definition of 21 sedimentary facies, 2) a review of the biological components
and 3) carbon, oxygen and strontium stable isotope analyses. The succession is characterised by various depositional settings and hydrochemical compositions.
Five main stages of basin evolution have been identified: 1) The Late Serravalian is marked by the development of alluvial fans and fan delta; 2) during the
Lower Tortonian, isolated shallow lakes with variable salinity, from fresh to brackish, developed under warm and relatively humid conditions; 3) the Middle
to Upper Tortonian is marked by the development of a large and deep lake with saline and alkaline waters, under colder and drier conditions; 4) the Latest
Tortonian to Messinian period is represented by an ephemeral alluvial system, developed under a dry climate; 5) during the Zanclean, a palustrine and paludal
wetland system, dominated by tufa carbonates, developed under moderately humid conditions. This succession is of particular interest for the reconstruction
of the palaeoenvironmental evolution of the transition zone between the Mediterranean domain, and the Paratethys and circum-Paratethys areas. The
geochemical data and the presence of flora (diatoms) and fauna (gastropods) of marine affinity suggest transient ingressions of marine-related water or
groundwater inflows as early as the Lower Tortonian. The Samos succession records the complex interaction between the regional geodynamics and climate.

The extensional regime of the Eastern Aegean zone generates subsidence, interrupted in the mid-Tortonian (9 Ma) by a brief compressive event and a major
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exposure of the basins. Furthermore, the Late Miocene progressive aridification, followed by a change to a more humid climate (Pliocene) is also a major

driver of the sedimentation.

Keywords - Depositional models, East-Aegean area, lacustrine carbonates, Late Miocene, palaeoclimate, tectonic.

1. Introduction

Lacustrine sedimentary systems record the complex interaction of numerous parameters: 1) physiography (vegetation, alteration and erosion); 2)
environments (temperature, precipitation, volcanic events...); 3) sedimentary processes (biotic and abiotic); and 4) active tectonics (stress rotations, faulting
or flexuring, subsidence...). Lakes are particularly sensitive to climate changes and lacustrine sediments are accurate and precise indicators of environmental
changes (Platt & Wright, 1991; Alonso-Zarza et al., 2012). Therefore, they constitute some of the most complete and best-preserved archives of past

environmental conditions (Dean & Fouch, 1983; Platt & Wright, 1991; Gierlowski-Kordesch, 2010).

As such, the Late Miocene-Pliocene continental succession of Samos Island (Eastern Aegean Sea) is of particular interest (Hamon et al., 2017). It developed in
the Aegean/Anatolian region, in an active tectonic setting associated with the back-arc deformation of the Africa-Europe subduction zone (Le Pichon &
Angelier, 1981; Jolivet et al., 1994). Due to their key position at the transition between two geodynamic blocks (East Aegean and Anatolian), the Samos basins

are of particular interest when attempting a reconstruction of the long-debated regional geodynamics and palaeogeography (Le Pichon & Angelier, 1981;
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Jolivet et al., 1994; Taymaz et al., 2007; Brun et al., 2016; among many others). Additionally, these series were deposited during a period of important climate
perturbations (Eronen et al., 2009; Palcu et al., 2019; Butiseaca et al., 2021) and a major environmental crisis, the so-called Messinian Salinity Crisis (MSC;
Roveri et al., 2014; Flecker et al., 2015). Depending on the palaeogeographic location (Mediterranean Sea versus Paratethys and circum-Paratethys), these
climate perturbations are not synchronous and do not have the same expression. Being located between these two palaeogeographic entities, the Samos

basins are a perfect case study to unravel the effect of such climatic forcing on the development of lacustrine carbonate systems.

Based on an extensive multidisciplinary database, including sedimentological and geochemical (strontium, carbon and oxygen stable isotopes) analyses,
associated with a thorough review of previously published palaeontological material (molluscs, diatoms and pollen), the present article brings new insights on
the evolution of East-Aegean, Miocene continental depositional systems. The sedimentary record of the Samos basins is then compared to the ones of
neighbouring basins, which will provide new constraints on the Neogene palaeogeographic, palaeoclimatic and geodynamic context of the Eastern Aegean

region.

2. Geological setting

The Island of Samos (Figure 1) has been the subject of numerous papers, on different topics. Samos is famous for its unique Late Miocene fossiliferous sites
of mammal fauna (Koufos et al., 1997; Koufos, 2006; Giaourtsakis & Koufos, 2009; Kostopoulos, 2009a, 2009b; Koufos et al., 2011). From a geodynamic point
of view, it also occupies a key position in the back-arc Africa-Europe subduction zone, at the transition between two domains, the Aegean region and the

western Anatolia extensional province (Ring et al., 1999; Ring et al., 2007; Jolivet et al., 2013; Roche et al., 2019).
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The Samos basement mainly consists of a succession of four stacked tectono-metamorphic units, the Selcuk, Ampelos, Agios Nikolaos and Kerketas nappes,
made up of metamorphic (marble, quartzite, schists of Carboniferous to Cretaceous age) or sedimentary rocks (dolostone) (Ring et al., 1999; Léwen et al.,
2015). A last non-metamorphosed unit, the Kallithea nappe is made of sandstones, serpentinised peridotite lenses, spilite and diabase with red radiolarites
(Theodoropoulos, 1979) and was locally intruded at ca 10 Ma by igneous dykes (Mezger et al., 1985; Pe-Piper & Piper, 2007). These nappes are the remains

of the crustal-scale orogenic wedge derived from the subduction of African continental blocks below Eurasia (Ring et al., 1999; Roche et al., 2019).

Since the Early Oligocene, the region has been mainly affected by back-arc extension, driven by the progressive southward retreat of the African slab (van
Hinsbergen & Schmid, 2012; Brun et al., 2016). During the middle Miocene, a slab tear occurred below Western Anatolia, with a faster retreat of the western
part of the slab. This generated a differential extension between the Aegean and Anatolian domains, with a greater extension westward of the tear, compared
to the Anatolian block (Jolivet et al., 2013). In Samos, this extension induces the formation of two sedimentary basins, filled by alluvial and lacustrine sediments;
the Karlovassi Basin (West Samos), filled with a 600 m thick sedimentary succession and the Mytilini Basin (East Samos) which displays a 1,200 m thick

succession (Figure 1; Theodoropoulos, 1979; Weidmann et al., 1984; Stamatakis et al., 2009).

2.1. Mytilini Basin

In the Mytilini Basin (eastern basin; Figure 1), Weidmann et al. (1984), following Meissner (1976), described five lithostratigraphic formations deposited
unconformably on the metamorphic basement (Figure 2). Radiochronological dating on volcanic rocks, magnetostratigraphy and mammal ages provide precise

age constraints for this sedimentary infill (loakim & Solounias, 1985; Sen & Valet, 1986; Kostopoulos et al., 2003; Pe-Piper & Piper, 2007, Koufos et al., 2011).
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At the base, two formations occur; the Basal Conglomerate, made of conglomerates with locally derived pebbles of basement, interbedded with claystones,
followed by the palustrine and lacustrine marls and marly limestones of the Pythagorion Formation (Figure 2). The Basal Conglomerate and the Pythagorion
formations are dated from 12 Ma to 10.8 Ma. The Hora Formation (from 10.8 to 8.6 Ma) is mainly composed of lacustrine limestones and diatomaceous silts
(Owen et al., 2011). In this article, for the sake of clarity, the Hora Formation is informally subdivided into four units - Figures 2 and 3). The first unit (U1) is
composed of well-stratified dolostones and limestones, often affected by slump structures in the upper part. The second unit (U2) is characterised by
alternating well-stratified limestones and diatomite layers. The third unit (U3) consists of a thick package of diatomite-dominated facies. The last unit (U4) is
dominated by a variety of well-stratified shallow limestone facies. The Hora Formation is topped by a regional unconformity, associated with an angular

difference between 8 to 15° depending on the outcrops.

Overlying the Hora Formation, the Mytilini Formation is composed of alluvial terrigenous (conglomerates, sandstones and claystones) and volcaniclastic
sediments, deposited during the late Tortonian and Messinian periods. Weidmann et al. (1984) subdivided the Mytilini Formation into five units (Figures 2
and 4): 1) the Old Mill Beds; 2) the Gravel Beds; 3) the White Beds; 4) the Main Bone Beds; 5) the Marker Tuffs. Finally, the transition with the Kokkarion
Formation, was dated at 5.7 Ma by magnetostratigraphy (Sen & Valet, 1986), which is in agreement with the K/Ar ages of Weidmann et al. (1984). This last

formation is made of palustrine and paludal carbonates and is attributed to the Early Pliocene (Zanclean).

2.2. Karlovassi Basin
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A coeval succession is observed in the Karlovassi Basin, with slight differences (Kantiranis et al., 2007; Stamatakis et al., 2009). The Basal Conglomerate and
an equivalent of the Pythagorion Formation are observed and respectively composed of conglomerates interbedded with claystones, and lacustrine silty

carbonates interbedded with thick intervals of volcanic tuffs and tuffaceous clays and marls (Figure 2).

In the southern part of the basin (Marathokampos, this study), the Hora equivalent formation is composed of well stratified, thinly laminated limestones, with
a few occurrences of decimetre-scale tuff layers. No diatomite facies were observed within this section (Figure 2). In the central and northern part of the
basin, this formation is mainly composed of dolomitic marlstones and tuffs, associated with scattered evaporitic minerals, like gypsum, colemanite and
celestite forming nodules, lenses, or fissure fillings (Helvaci et al., 1993; Stamatakis et al., 2009). As in the Mytilini Basin, the Hora equivalent formation is

affected at its top by an unconformity with angular differences of between 8 to 15° (Kantiranis et al., 2007).

Overlying this unit is a terrigenous succession that may represent an equivalent of the Mytilini Formation. It is particularly rich in volcanic tuff layers and shows
fewer occurrences of conglomerate facies when compared to deposits in the Mytilini Basin (Figure 2). Finally, Pliocene freshwater paludal carbonates similar

to the Kokkarion Formation are observed at the top of the succession (Theodoropoulos 1979, Stamatakis & Economou, 1991).

3. Methods

3.1. Field descriptions and petrography
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The available outcrops in Samos Island prevents the description of a continuous stratigraphic section of the whole basin infill. However, several outcrops,
located both in the Eastern Mytilini and Western Karlovassi basins, were studied and correlated to provide a set of 11 main sections (Figure 1). They were
completed by secondary observations (mapping, logging of minor sedimentary sections; Figure 1) to give a synthetic overview of the sedimentary succession.
The 11 main sections were described in detail (Figures 3 and 4) and sampled to analyse the facies composition and fabric. The carbonate facies were described

following the revised Dunham classification formulated by Lokier and Al Junaibi (2016).

Petrographic analyses were conducted on 169 thin sections, distributed across all sections. They were stained with alizarin red-S and potassium ferricyanide
to highlight the distribution of the main carbonate minerals (Dickson, 1966). Petrographic observations were carried out with a Nikon Eclipse LV100 POL

microscope.

To complete the petrographic work, a synthesis of previously published palaeontological data has been compiled. These involve spores and pollen (loakim &
Solounias, 1985; loakim et al., 2005; loakim & Koufos, 2009; Koufos et al., 2011), diatoms (Owen et al., 2011) and gastropods (Koufos et al., 2011; Owen et al.,

2011; completed by observations reported on here).

3.2. Carbon and oxygen isotopes

A total of 139 rock samples were drilled and analysed for oxygen (O) and carbon (C) isotope analysis (Supplementary Material Table S1). The phases

preferentially extracted were homogeneous micrite and dolomicrite. Analyses have been made at the Friedrich-Alexander University of Erlangen-Nirnberg,
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which provided the following specific procedure and specifications: the carbonate powders were reacted with 100% phosphoric acid at 70°C using a Gasbench
Il connected to a ThermoFinnigan Five Plus mass spectrometer. All values are reported in per mil relative to V-PDB (Vienna Pee Dee Belemnite) by assigning a
313C value of +1.95%0 and a 680 value of -2.20%o. to the NBS19 standard. Reproducibility was checked by replicate analysis of laboratory standards and is
better than + 0.08. By default, Oxygen isotope values of dolomite were corrected using the oxygen fractionation factors between the 50 of the carbonate

and that of the acid-extracted CO; at 100°C (1.00913) provided by Rosenbaum and Sheppard (1986).

3.3. Strontium isotopes

A set of 27 carbonate powder samples were selected from the initial sample set and analysed for 8Sr/%Sr ratios at the Scottish Universities Environmental
Research Centre laboratory (Supplementary Material Table S1), which provided the following specific procedure and specifications. Strontium isotope analyses
were performed on 1 mg of powder in 2.5 M HCI. The separation between the two components was done by ionic exchange. Samples were loaded on two
single Re filaments and run on a VG Sector 54e thermal ionisation mass spectrometer. The #Sr/%Sr ratios were then normalised to a ratio value of &Sr/%Sr =

0.1194. The precision was better than +0.04 %o.

4. Facies analysis
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The Miocene succession of Samos Island is characterised by a mixing of terrigenous (T), carbonate (C) and volcaniclastic (V) deposits, characteristic of alluvial
plain, fluvial and lacustrine depositional environments. The facies analysis enables the definition of 21 facies, presented in Table 1. These facies were grouped
in seven facies associations, defined, and then attributed to a specific depositional environment based on their elementary constituent facies, vertical stacking,

lateral facies change and overall geometry.

4.1. FA1: Fan-derived alluvial facies association

This facies association is dominantly made up of erosively-based, normally graded, poorly sorted, matrix-supported, structureless conglomerates (Facies T1;
Figures 5A,B,C), organised into metres-thick, fining upwards beds. They are capped by decimetre to metre-thick laterally continuous reddish silty claystone
containing whitish carbonate nodules, frequent root traces and desiccation cracks (Facies T5, Figure 5H,l). Channelised clast-supported polygenic
conglomerates with coarse-grained sandstone matrix are locally observed, with a basal erosional surface truncating the underlying deposits (Facies T2; Figure
5D,E). This facies is often associated with coarse to medium-grained sandstones with floating pebbles showing 3D cross-stratifications passing upwards to

plane parallel laminations (Facies T3; Figure 5E,F), organised into metre(s)-thick, fining-upwards beds.

This facies association is interpreted as being deposited in a fan-derived alluvial environment: the dominant facies (i.e., Facies T1) shows laterally persistent
bedding, a matrix-rich nature and a lack of traction-produced sedimentary structures that suggest deposition by mass-flows, associated with high-density
gravity flash-discharge events (Sohn et al., 1999). The uppermost sandy part of the facies may suggest more diluted flows occurring during the following

waning stage (Chanvry et al.; 2018). The reddish silty claystones (Facies T5) are interbedded with the previous facies, and were deposited in a continental,
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alluvial plain environment. Reddish clayey to silty material, root traces and carbonate concretions are typical of floodplain deposits affected by pedogenesis
(Reineck & Singh, 1980; Miall, 1996). These facies are generally interpreted as the distal reaches of alluvial fans (Nemec & Steel, 1984), or as the proximal part
of braidplain megafans (Leier et al., 2005; Schmitz & Pujalte, 2007). In these environments, the influence of fluvial streams is evidenced by the clast-supported
fabric and clast imbrication, the presence of trough-cross bedding and the erosive base which suggest that both T2 conglomerates and T3 coarse-grained
sandstones were deposited by traction processes, possibly the migration of large, gravelly, transverse bars (Smith, 1990; Miall, 1996; Boulton et al., 2019).
Williams and Rust (1969), Bridge (1993) or Chanvry et al. (2018) interpreted such facies as deposited in a braided channel network associated with high

discharge flooding events.

4.2. FA2: Stream-derived alluvial facies association

This facies association is exclusively composed of terrigenous facies. It mainly consists of coarse to medium-grained, moderately sorted sandstones with
floating pebbles, showing a fining upward trend, a lower erosive surface and an upper planar one, often affected by root traces and rootlets (facies T3; Figure
5E,F). This facies is locally associated with metre(s)-thick, fining upward beds marked by a distinct erosional basal surface (Facies T2), which truncates the
underlying deposits and usually defines low-relief, channelised morphologies (5-10 m wide, for 1-2 m thick; Figure 5D). Clasts are poorly sorted, subangular
to angular, of basement nature and often show some imbrication. Plant debris is abundant, but no fauna was observed. This facies often exhibits badly

expressed trough-cross bedding. Facies T2 and T3 are often associated with discontinuous lenticular beds, a few decimetres thick, with a non-erosional,
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undulatory base (Facies T4; Figure 5G). Facies T4 is typically medium to fine-grained, poorly to moderately sorted and shows a planar horizontal lamination.

Local granule lenses are occasionally observed on bedding planes.

This facies association also locally includes metre-scale, laterally continuous massive beds (Facies V1; Figure 6A), with a well-defined, regular planar bedding,
and sharp, but non-erosive basal contact, and no internal truncation surfaces (Figure 6A,B). This facies is dominantly composed of fine-grained vitreous
fragments composing the matrix, with only very minor plagioclase and pyroxene crystals. The lithic fraction may be absent in some layers. This facies lacks
any sedimentary structures, apart from rare root traces affecting the top of a few beds. This facies generally alternates with reddish silty claystone (facies T5;

Figure 6A).

This stream-derived alluvial facies association is interpreted as braided fluvial channel fill, made up of the depositional products of subaqueous migrating
transverse and longitudinal bars (Horton & Schmitt, 1996; Miall, 1996) infilling previous eroded channel conduits. Root networks on the upper surface of beds
suggest the development of palaeosoils, occurring during low water levels and channel abandonment (Smith et al., 1989; Miall, 1996). The intercalation of
pyroclastic material (Facies V1), despite the absence of typical fluvial sedimentary structures and the sharp compositional and textural contrast with the
underlying non-volcanic deposits, suggest a subaerial mode of deposition, like pyroclastic fallout deposits, originating from subaerial eruption columns (Cole

& DeCelles, 1991; Pe-Piper & Piper, 2007). The alternation with facies T5 and occurrences of root traces may also indicate a subaerial floodplain environment.

4.3. FA3: Marginal palustrine facies association
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This facies association is mainly composed of three facies. Blue green marls (facies C1) form decimetre to metres-thick layers, with a massive aspect, and a
faint planar lamination (Figure 7A). This facies consists of silt-size (40-60 um) subangular quartz grains and micas in a marly matrix. It is particularly rich in
plant debris, and locally, some darker intervals rich in organic matter and pyrite are observed. A few entire gastropods are present. Facies C2 is abundant and
organised into decimetre to metre-thick beds that are tabular and laterally continuous. This facies contains entire and broken gastropods (Figure 7C and E)
and Characean gyronites, while plant stems and leaves are common. Facies C3 is less abundant and occurs as occasional decimetre(s)-thick tabular beds.
These packstones are dominated by very uniform (in shape and size) peloids, but also show gastropod debris, disarticulated valves of ostracods and rare
Characean gyrogonites (Figure 7F). Rounded clay clasts are frequent. These three facies are often bioturbated and always affected by vertical root traces

(Figure 7D), elongated whitish root concretions and nodular whitish carbonate glaebules (Figure 7B).

The fine-grained nature of facies C1 and C2 suggests a low-energy environment dominated by decantation processes, while the abundance of detrital material
suggests a proximal environment, with detrital influx (Freytet, 1973; Lettéron et al., 2018). The local presence of organic matter (plant debris, pyrite...) may
denote restricted conditions and episodic periods of dysoxic conditions (Camoin et al., 1997). These facies represent a shallow, quiet and restricted
environment, associated with inner marginal conditions (Castle, 1991; Alonzo-Zarza, 2003). As suggested by their uniform shape and size, the peloids of facies
C3 may be of faecal origin, produced by crustaceans, worms or gastropods (Freytet & Verrechia, 2002). The packstone texture may be due to a dense
population of such pellet-producing organisms rather than high-energy conditions (Finkelstein et al., 1999; Lettéron et al., 2018). This is in line with the
important bioturbation and the presence of gastropods and ostracods observed in C3, as well as the absence of erosional features or sedimentary structures.

Such features indicate a shallow, littoral lacustrine environment (Letteron et al., 2017; Bailly et al., 2019).
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Finally, root traces and cavities, glaebules and root concretions are indicative of pedogenesis during episodic exposure (Klappa, 1980), which is consistent with
the presence of desiccation cracks and fenestrae. Their systematic occurrence in the three facies of this facies association indicates repeated alternating
periods of exposure and shallow subaquatic conditions, typical of a palustrine to littoral setting (Armenteros et al., 1997; Freytet & Verrechia, 2002; Alonzo-

Zarza, 2003; Gierlowski-Kordesch, 2010; Armenteros & Edwards, 2012).

4.4. FA4: Lacustrine sublittoral facies association

This facies association is dominated by facies C5a, a well-stratified mudstone organised in thinly bedded, decimetre(s)-thick, yellowish to greyish, tabular
layers, with non-erosional flat top and bottom surfaces (Figure 71). This facies is composed of a micritic matrix, with only a few peloids, gastropods and micritic
intraclasts (less than 5 %). The faint planar lamination observed macroscopically is marked in thin section by sub-millimetre laminae richer in clay and pyrite,
alternating with more micritic laminae (Figure 7J). Two subordinate facies, C4 and V2, are also observed in FA4, occurring as isolated beds interstratified with
facies C5. Facies C4 is organised into decimetres-thick tabular, slightly erosive beds, that often show some planar to cross-bedded laminations or wave ripples
(Figure 7G). In rare cases, some flat hummocky cross-stratification (HCS)-like structures occur. This well-sorted grainstone is dominated by irregular micritic
peloids (no visible internal structure), associated with some micritised ooids, rounded micritic intraclasts and small quantities of gastropod debris and fish
remains (Figure 7H). Facies V2 occurs at several stratigraphic levels in the studied succession, with various thickness (Figure 6C,D). The most pronounced
occurrence is situated in the Kavouraki / Mavratzei area (Figure 3) with a 40 to 50 m thick, light grey massive layer, lying on a 10 m thick sheet of basalt. Other

thinner occurrences form decimetre to metre-thick beds, interstratified with facies C5a and C5b, throughout the Hora Formation. They show an overall fining
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upward trend from very coarse to medium-grained, poorly sorted material, made of subhedral to euhedral phenocrysts of plagioclase and pyroxene embedded
in a matrix of silt-size unidentified vitreous fragments (Figure 6F). A minor fraction of lithic fragments composed of clasts of basalts and carbonates is also

present. Some convolute structures occur at several levels within the layer (Figure 6E).

The mudstone texture and the fine-grained nature of facies C5a suggest a quiet environment dominated by decantation processes, without any
hydrodynamism (Zhang et al., 1998). Laminae preservation suggests deposition within an environment without bioturbation, pedogenesis or any other process
capable of destroying primary sedimentary structures. These criteria are typical of a low-energy offshore domain, associated with a sublittoral lacustrine
environment (Freytet & Verrechia, 2002; Keighley, 2008). The texture (well-sorted, grain-supported) and sedimentary structures (cross-bedding, HCS) of facies
C4 indicate episodic high-energy conditions such as those produced by storms and currents driven by fluctuating winds (Clausing, 1990; Arp, 1995; Ainsworth
et al., 2012). Finally, facies V2 has been interpreted as felsic pyroclastic tuff layers (Pe-Piper & Piper, 2007). The high matrix content, poor sorting, the lack of
stratification, or flow structures suggest a dominant mass flow mode of deposition (Smith, 1986). The fining upward trends may also indicate a decrease of
energy, and a probable decantation of the finest particles (ashes, not necessarily preserved) occurring after the event. The lithic fraction may indicate mixing
with water and entrainment of substrate sediments as pyroclastic flows transformed into pyroclastic debris flows (Cole & DeCelles, 1991). The intercalations
of lacustrine facies (and even scarce faunal remains) in the upper part of the tuff layers, suggests a subsequent preservation under low-energy conditions in a

sublittoral lacustrine environment, which is in line with previous interpretations of Weidmann et al. (1984).

4.5.FA5: Marginal evaporative facies association

Q ‘el 2,8v550e

wouy

0 PUe SWIe | 841 39S *[£202/80/LT] U0 Areiqi8uiiuo AB11M ‘Or B9 - nelneag sndweD Ng T Ssuusy 80 918 RAIN Aq 62 249P/200T OT/I0p/L0D" By

95LB017] SUOLUILID BAEBIO SIGEO1IdE BU) AQ PAUIBACD 212 SIPILE YO 86N JO'S3|N 103 ARIGIT BUINUO ABIIA UO



This facies association is composed of three dolomitic facies. Facies C6 and C7 consist of decimetre-thick irregular beds, with a dark grey colour (Figure 8A),
lacking any faunal remains. Facies C6 shows lenticular-tabular lenses (from 0.1 to 2 mm length) originally filled by gypsum, now mostly dissolved (Figure 8A,B).
Some larger spherical voids (0.2 - 1 cm) occur and may correspond to solution-enlarged lenses or to dissolution cavities of nodular gypsum, now dissolved.
Facies C7 is made up of a planar-laminated bindstone. Sub-horizontal, wavy, micrite laminae (100 um to 1 mm thick) alternates with dolomicrosparite laminae
(up to 0.5 mm thick). Occasionally, some peloid-rich laminae are also observed. The top of the laminated dolomudstone beds show some brecciation, forming
a centimetres-thick layer, made of poorly sorted, millimetre to centimetre sized, subangular clasts consisting of reworked chips. Finally, Facies C8 consists of
decimetre(s) -thick, whitish, well-stratified tabular beds, with flat top and bottom surfaces. They form metre-thick intervals that alternate with the two
previous dolomitic facies (Figure 8C). They are composed of dolomudstone, mostly azoic (rare Hydrobia gastropod occurrences), lacking any sedimentary
structure. Owen et al. (2011) described the rare occurrence of corroded diatoms (Cyclotella aegaea) in a few beds. Facies C8 may contain in variable

proportions dark-brown isolated chert nodules, aligned parallel to bedding, and in some cases tabular flint layers.

Facies C6 and C7 are commonly reported from shallow lacustrine settings (Talbot & Allen, 1996; Wattine et al., 2003, 2017; Lettéron et al., 2017, 2018). In
facies C6, the layered organisation, the horizontal alignment of gypsum crystals and their well-developed lenticular habit suggest synsedimentary subaqueous
formation in a hypersaline shallow lake margin, under evaporitic conditions (Mees et al., 2012; Bustillo et al., 2017). Its association with facies C7 supports
this interpretation. The occurrence of planar fenestrae and brecciation at the top of beds suggests episodic exposure; the small-scale undulations and the
alternation of micritic and microsparitic laminae suggest microbial laminae, also associated with very shallow lake margins (Lettéron et al., 2017; Roche et al.,

2018). As well as the two previous facies, facies C8 has been associated with a shallow, littoral setting. The muddy texture suggests low-energy conditions,
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possibly associated with a mudflat environment (Bustillo et al., 2002, 2017; Lettéron et al., 2017). The absence of exposure criteria indicates permanently

submerged conditions, in a more distal and slightly deeper environment than the two previous dolomitic facies.

4.6. FA6: Lacustrine profundal facies association

This facies association is mainly made up of three facies: facies C5a (described previously), facies C5b, well-stratified limestones with syn-sedimentary
deformation features and facies C9, thinly laminated papyraceous diatomites. Facies C5b is observed in Units 1 and 2 of the Hora Formation. It shows similar
characteristics to facies C5a, but also exhibits metre-scale slumping (Figure 7K), overturned-beds, creeping balls, as well as metre-scale disharmonic folds that
are draped and overlain by planar conformable beds (Figure 7L). Decimetre-thick convolute structures are also observed. These deformation structures may
also be associated with brecciated layers. Facies C9 forms decimetre(s)-thick intervals alternating with facies C5a and C5b (Figure 3). It displays a progressive
thickening upward along the Hora Formation, reaching tens of metres in Unit 3. This facies was studied in detail by Owen et al. (2011). It consists of three
types of alternating millimetre to centimetre-thick laminae (Figure 8D,E): 1) carbonate micritic laminae; 2) diatomite laminae, often recrystallised and
cemented by a silica cement and; 3) diatomaceous silt (Zahajska et al., 2020). These laminae are often deformed, showing a crenulated aspect, folded (small-

scale slumps) and even brecciated, forming discontinuous flat imbricated pebbles of diatomite overlain by later sediments.

The slumps, folds and convolute features observed in facies C5b suggest synsedimentary plastic deformation of a partially lithified sediment and imply the
presence of a depositional slope, associated with the sublittoral to profundal lacustrine domain (Rodriguez-Pascua et al., 2000; Keighley, 2008). Weidmann et

al. (1984) and Owen et al. (2011) interpreted these features as indicative of a potential seismicity that triggered the deformation. An alternative explanation
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could be related to the high sedimentation rate occurring during the Hora Formation, that caused loading and triggered instability and initiated sliding on the

slope (Rodriguez-Pascua et al., 2000).

Diatoms are common in lakes since the Miocene and may be found in several sub-environments, from littoral to profundal (Gierlowski-Kordesch, 2010;
Hofmann et al., 2020). However, laminated diatomites, also described as varved lacustrine diatomites are associated with profundal lacustrine settings (Owen
& Crossley, 1992; Lindqvist & Lee, 2009; Sasaki et al., 2020). The well-preserved lamination, their high lateral continuity and consistent thickness, the absence
of exposure criteria and the association with facies C5a and C5b also suggest deposition in low-energy, deep environment (Lindqvist & Lee, 2009; Gierlowski-
Kordesch, 2010). The diatom floras are of low diversity, but seem to indicate alkaline and saline conditions, possibly evolving through time (Owen et al., 2011,

also see part 5.2 of the present work).

4.7.FA7: Paludal tufa facies association

This facies association was only observed in the Kokkarion Formation. It is composed of four facies (C10 to C13), generally organised in metre(s)-thick sets of

beds, separated by blue-green marls (facies C1, previously described).

Facies C10 is composed dominantly of peloids and intraclasts with various sizes and shapes (Figure 8F), poorly sorted, embedded in a dark micritic matrix.
Locally, some charophyte gyrogonites are present, as well as phytoclasts, gastropods and rare silt-sized quartz (Figure 8G). The facies is affected by numerous

root moulds and circum-granular cracks, usually developing around oversized clasts (Figure 8H). Pseudomicrokarstification (sensu Freytet & Verrecchia, 2002)
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is also observed below irregular surfaces, with decimetre-size enlarged root hollows, infilled by coarse intraclasts and microsparitic silt. Facies C11 and C12
are stratigraphically and laterally closely associated. At outcrop, facies C11 (phytoherm framestone) occurs as laterally discontinuous metre-scale patches and
beds with irregular boundaries. They show a dense intricate amalgamation of millimetre- to centimetre-scale stem moulds, in life position, developed around
macrophytes, most probably phragmites (Figure 8J). These moulds exhibit a laminated microstructure with alternating calcite micrite and spar to microspar
laminae (Figure 8K) and are embedded in a dark beige micritic to peloidal matrix. Facies C12 shows decimetres-thick beds with irregular bedding planes and
root traces at their top. It consists of a rudstone made of broken stem-moulds, several millimetres to centimetres in diameter and of variable length
(centimetre to decimetres), with no particular organisation or orientation (Figure 81). Both C11 and C12 contain gastropods, charophyte thalli and gyrogonites,
and rare oncoids. Finally, facies C13 is organised in decimetre to metre-thick massive beds, showing a fining-upward trend and an erosive, channelised base.
It consists of a floatstone facies with scattered dark beige millimetre to centimetre rounded micritic oncoids, millimetre-sized phytoclasts, intraclasts

embedded in a dark beige matrix, occasionally microporous (Figure 8L). Fragments of gastropods have been observed in a few samples.

The lacustrine biota and charophytes observed in these facies suggest primary deposition in a shallow environment, between 0 to 4 m depth (Asaeda et al.,
2007). In the case of facies C10, however, the primary facies is extensively affected by root moulds, circum-granular cracks or pseudomicrokarstification that
point towards exposure and pedogenesis associated with the palustrine domain (Klappa, 1980; Freytet & Verrecchia, 2002). The peculiar fabric of this facies
is similar to the intraclastic limestones described by Alonso-Zarza (2003) and considered to be the most widespread facies of the palustrine domain. Following
Pedley (1990, 2009), facies C11, C12 and C13 are typical of a paludal tufa-dominated system: facies C11 (phytoherms) may be interpreted as the remains of
anchored frameworks of hydrophytal and semi-aquatic macrophytes, frequently colonised by a dense micro-film of cyanobacteria. For Arenas et al. (2007),

this facies represents the development of plants typical of poorly drained, humid areas, in which their submerged parts were coated by calcite. Considering
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the height of the phytoherms as a measure of the water depth (Riding, 1979), the latter probably does not exceed 2 m. Phytoclast rudstones (C12) are frequent
in many fluvial and fluvio-lacustrine tufa systems (Ordéfiez & Garcia del Cura, 1983; Ford & Pedley, 1996; Arenas et al., 2007). Tufa fragments, derived from
the breakup of earlier phytoherm frameworks (Pedley, 1990) caused by moderate energy events that affected the paludal environment, accumulate around
phytoherms in a static water body, as suggested by the lack of preferential organisation or orientation. Oncoids (facies C13) generally formed in slow-flowing
waters in channels and dammed areas (Arenas et al., 2003). The phytoclasts of facies C12 were derived from the breakup of pre-existing tufa that may have
formed micritic intraclasts. These components were carried during flood events that affected previous deposits formed in ponds and palustrine areas and

then deposited in channels that linked different water bodies (Vazquez-Urbez et al., 2012).

5. Review of floral and faunal data

A review of previously published floral and faunal data from the Mytilini is proposed to complete the facies analysis.

5.1. Palynological data

Palynological data are available from three stratigraphic intervals and from different locations in the Mytilini Basin (loakim & Solounias, 1985; loakim et al.,

2005; loakim & Koufos, 2009; Koufos et al., 2011): 1) the base of the Pythagorion Formation sampled in the Mavratzei section; 2) the middle part of the Hora
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Formation (dominated by facies C9), sampled in the Hora section; 3) the Main Bone Beds Unit of the Mytilini Formation, sampled in the Mytilini section. Each

of these intervals corresponds to a distinct floral assemblage.

The palaeovegetational material of the base of the Pythagorion Formation (FLA1; Figure 9; loakim & Solounias, 1985; loakim et al., 2005; loakim & Koufos,
2009) is dominated by arboreal pollen grains: Mimosaceae for the megathermic elements, as well as Taxodiaceae (Taxodium) and Juglandaceae (Engelhardia,
Myrica) for the mega-mesothermic elements. Deciduous trees are well-expressed with Quercus, Carya, Eucommia, Ulmus/Zelkova and Juglans. Riparian plants,
dominated by Alnus, Salix and Cupressaceae are also present, while thermophyllous evergreen species are rare. The herb pollen grains mainly exhibit

Amaranthaceae-Chenopodiaceae, Gramineae and Compositae.

The floral assemblage for the middle part of the Hora Formation (FLA2; Figure 9; loakim et al., 2005; loakim & Koufos, 2009) is characterised mainly by mega-
mesothermic elements, like Engelhardia, Taxodiaceae, Hamamelidaceae, Nyssa, Myrica and Sapotaceae. An increase in mesothermic elements (Carya,

Pterocarya, Cathaya, Ulmus/Zelkova, Acer, Carpinus, Symplocos, Betulaceae, Fagaceae) is also observed. The herb assemblage is less compared to FLA1.

Finally, in the Mytilini Formation, a third floral assemblage (FLA3; Figure 9; loakim et al., 2005; loakim & Koufos, 2009) is observed. It shows a dominance of
open vegetation plants like Polygonaceae (Calligonum) and Poaceae (Lygeum), as well as herbs like Compositae and Amaranthaceae-Chenopodiaceae. It is
also characterised by the appearance of steppe elements like Artemisia and Ephedra, and by the absence of aquatic plants. Mega-mesothermic species are
still present in lower proportions (Taxodium, Engelhardia and Quercus), whereas the thermophyllous and xerophytic arboreal pollen shows high abundance

(Olea, Cistus and Quercus ilex-type).
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5.2. Diatom data

Owen et al. (2011) proposed a characterisation of the diatom floras existing in the Hora and uppermost part of the Pythagorion Formations in the Mytilini

Basin. The main characteristics of these floras are recalled here (Figure 9).

In the south-eastern part of the Mytilini Basin (Hora section), in the uppermost metres of the Pythagorion Formation, very rare and corroded Cyclotella aegaea
are present. The base of the Hora Formation is characterised by a low-diversity flora, dominated by Nitzschia frustulum (Kitzing) Grunow and Cyclotella
aegaea. The rare occurrences of Epithemia turgida (Ehrenberg) Kitzing, Tryblionella granulata (Grunow) D.G. Mann, Encyonema silesiacum (Bleisch) D.G.

Mann, Diploneis ovalis (Hilse) Cleve and Cocconeis placentula Ehrenberg are also described (Owen et al., 2011).

In the Mavratzei and Kavouraki sections (West of the Mytilini Basin), the diatom floras are of low diversity, but change gradually from the base to the top of
the Hora Formation. The basal part is dominated by Cyclotella aegaea, with a small fraction of Cyclotella aegaea var. pythagoria Economou-Amilli. The
occurrences of benthic taxa including Diploneis ovalis or Achnanthes cf. miocoenica are observed. The Middle part of the Hora Formation is dominated by a
variety of C. aegaea, associated with C. aegaea var. pythagoria. Nitzschia frustulum, Diploneis ovalis and Cocconeis placentula may represent up to 4% of the
samples. Finally, the upper part of the Hora Formation is characterised by Cyclotella/Nitzschia-dominated assemblages. Rare occurrences of Diploneis ovalis,

Synedra ulna, Cocconeis placentula, Nitzschia palea (Kitzing) W. Smith, Tryblionella granulate, and rare minor species may occur (Owen et al., 2011).

5.3. Gastropods
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Five gastropod taxa have been identified in the succession of the Mytilini Basin. In the Pythagorion Formation outcropping in the Mavratzei-Kavouraki area,
Planorbis, Lymnaea and Bithynia were identified by Koufos et al. (2011) or loakim and Koufos (2011). Owen et al. (2011) identified Hydrobia in the first half of
the Hora Formation. Weidmann et al. (1984) described freshwater gastropods (probably Planorbis) in the White Beds Unit of the Mytilini Formation and “land
gastropods” in the Main Bone Beds Unit. Finally, Koufos et al. (2011) and loakim and Koufos (2011) mentioned occurrences of Brotia cf. graeca in the Kokkarion

Formation.

6. Geochemical data

6.1. Carbon and oxygen stable isotopes

The results of O and C isotope analyses are reported in Table S1 (supplementary material) and have been plotted alongside sedimentary columns (Figure 10)
and in cross-plots of 5§80 versus 8'3C values (Figure 11). Four sections were sampled, the Kavouraki, Hora and Stephania sections from the Mytilini Basin and

the Marathokampos section for the Karlovassi Basin.

In the Pythagorion Formation, the C and O analyses for original micrite mainly occupy the top left quarter of the cross-plot (Figure 11) and show a high
variability, with values of 6§20 falling between -11.71 %o to 2.34 %o and values of §*C between -0.12 %o to +7.24 %o (Figure 10). However, each section shows

a unique distribution. In the Kavouraki section, isotopic values are characterised by an apparent covariant trend between 8'3C and 60 values (correlation
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coefficient is 0.90; Figure 11) with highly variable §*3C values (from -0.12 %o to +6.62 %o) but a narrower range of 80 values (from -8.98 %o to -5.25 %o). No
vertical trend is observed, but the highest values are preferentially associated with facies C3 and C4, whereas the lowest ones are associated with facies
showing pedogenesis (C1 and C2). The analyses for the Hora section show a moderate negative covariance (correlation coefficient r?=-0.71; Figure 11), with
two groups of values: one with negative 680 values, and high §3C ones (up to +5.03 %o) and the other with positive 6§20 values and lower 63C ones. No clear
vertical trend is observed. Finally, in the Marathokampos section, isotopic values do not show any good covariance (correlation coefficient r>=-0.47; Figure

11). The upper part of the formation shows slightly higher 6§80 values and lower 6*C ones (although remaining positive).

In the Hora Formation, the C and O analyses occupy the top left quarter of the cross-plot (Figure 11) and show a narrower range of 620 values, with less
negative values (from -8.46 %o to 0.92 %o), with a more homogeneous distribution (Figure 10). No good covariance was observed in any section (Kavouraki
r?=0.26; Hora r?=0.17; Marathokampos r*=0.62). In the Kavouraki and Hora sections, the dolomitic facies at the base of the formation show the highest values
of both 60 and &C (Figure 10). The uppermost part of the formation, characterised by shallower facies, show a marked decrease of §'3C values but no

variation of 880 values. No clear vertical trend is observed for the Marathokampos section (Figure 10).

The Mytilini Formation is characterised by large variability of the isotopic signatures, with values of 680 between -10.36 %o to -3.96 %o, and those of §3C
between -4.81 %o to +5.27 %o (Figure 10). This variability is well expressed stratigraphically. The Old Mill Beds Unit is characterised by low &80 values (from -
8.02 %o t0 -6.62 %o) and 8C ones dominantly around 0 %o (from -1.26 %o to 1.02 %o). The Gravel Bed Unit, White Bed Unit and Main Bone Beds Unit show

less negative 680 values (from -8.20 %o to -3.96 %o) and dominantly positive §*3C values (from -0.15 %o to +5.27 %o). Finally, the Marker Tuffs Unit displays
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the most negative 680 (from -10.36 %o to -6.54 %o) and §*3Cvalues (from -4.66 %o to -0.13 %o). A moderate positive covariance is observed for the Stephania

section, with samples from the Main Bone Beds and Marker Tuffs (r>=0.78; Figure 11).

Finally, the Kokkarion Formation is characterised by a clustered distribution with good negative covariance (Stephania r?=-0.87; Marathokampos r>=-0.89;
Figure 11). The two sections show the same distribution pattern, with a similar range of 6§80 values, but the Marathokampos section exhibits lower §'3C values

(from -1.42 %o to -5.76 %o) than the Stephania section (from 0.92 %o to -2.32 %o).

6.2. Strontium isotopes

The results of Sr isotope analyses are reported in Table S1 (supplementary material) and have been plotted against age and stratigraphy (Figure 12). Most of
the 8Sr/8Sr ratios range from 0.707879 to 0.708168, significantly lower than the range of contemporaneous marine influenced carbonates (McArthur &
Howarth, 2004), which argue in favour of a continental origin for the waters. All the 8Sr/%Sr ratios obtained in the Marathokampos section (Karlovassi Basin)
fall in this range of values. In the Kavouraki section, two points, located at the beginning of the Pythagorion and the Hora formations (0.70872 and 0.708487,
respectively) are out of the trend. The same pattern is observed in the Hora sections for three points (0.708601, 0.708502 and 0.708558) also localised at the
beginning of these two formations. The highest values are comparable to the marine seawater values of McArthur and Howarth (2004). Whatever the section,

the 87Sr/8Sr ratios of the middle and upper part of the Mytilini Formation are slightly higher than the general trend (from 0.708132 to 0.708329).
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7. Discussion

7.1. Evolution of the depositional environments, lake chemistry and hydrology

7.1.1. Basal Conglomerate and Pythagorion formations

The basin-fill succession begins with the deposition of the Basal Conglomerate Formation, overlying unconformably the pre-Neogene basement. In the Mytilini
Basin, the Basal Conglomerate is present in the whole area. Two types of facies association can be found. In the western part of the basin (Pyrgos section;
Figure 3), FA1 (fan-derived alluvial facies association) is dominant. This facies association suggests a subaerial alluvial system (distal reaches of alluvial fans)
located in the Pyrgos sub-basin and supplied with sediments from the central basement ridge forming a prominent relief (Weidmann et al., 1984). In the
centre of the basin (Hora and Paghondas sections; Figure 3), the occurrence of FA2 (stream-derived alluvial facies association), its lateral extent, as well as the
few current directions indicating N-S and NW-SE flow directions suggest more likely a braided plain environment (comparable to the megafan systems
described by Leier et al., 2005, and Schmitz & Pujalte, 2007), supplied from the north, and laterally fed in the west by alluvial fans that developed on the basin
margin (Kavouraki and Mavratzei sections). In the Karlovassi Basin (Figure 3), the Basal Conglomerate Formation is dominated by FA1 which indicate fan-
derived alluvial environments, at least in the southern part of the basin (Marathokampos section). These deposits developed under the subtropical and humid

conditions of the Serravallian stage (loakim et al., 2005), which favoured basement erosion and the supply of terrigenous material to the basin.

The overlying deposits suggest the development of shallow, low-energy palustrine to lacustrine conditions, but with various characteristics depending on the

location. In the western part of the Mytilini Basin (Figure 3), the Basal Conglomerate Formation gradually evolves toward FA3 (marginal palustrine facies
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association), indicating a periodically emerged lake-margin zone hosting a low-relief palustrine environment (Freytet & Verrecchia, 2002). These deposits are
rich in plant debris and gastropods (Planorbis, Lymnaea and Bithynia) that suggest slowly running, fresh to slightly brackish water of lakes and marshes
(Neubert, 1998; Jufickova et al., 2001; Armenteros & Edwards, 2012) (Figure 13A). Carlsson (2006) described Lymnaea and Bithynia in brackish water up to 6
g/L, with a pH value between 7.6 and 9.7 (moderately basic). This environment is consistent with the floral assemblage FLA1, characterised by the presence
of riparian and water-dependent plants (Osmundaceae, Nymphaeaceae and Typhaceae), typical of freshwater wetlands (Collinson, 2002). Moreover, the
abundance and diversity of arboreal pollens found in FLAL are indicative of mixed-mesophytic forest developing under subtropical to warm temperate
conditions with high humidity (loakim & Solounias, 1985; loakim & Koufos, 2009). The well-expressed covariant trend between 80 and §C values (Figure
11) observed for the Kavouraki section suggests carbonates precipitating from water with relatively long residence time in a hydrologically closed system
(Hillaire-Marcel & Casanova, 1987; Talbot, 1990). This covariance together with the narrow range of §'®0 values suggest an important variability of the lake
waters: during humid periods, a positive inflow/evaporation balance and the dense vegetation cover in the catchment area, respectively, led to the depletion
in ¥Oyater and 3Cpic, Whereas dry periods with negative inflow/evaporation balance favoured *Cpic and ¥Oyater (Lettéron et al., 2017). The end of the
Pythagorion Formation is marked by the deposition of a 10 to 30 m thick basalt flow (observed in the Paghondas, Mavratzei and Kavouraki sections; Figure 3)

followed by a thick (several tens of metres) tuff layer (facies V2).

In the south-eastern part of the Mytilini Basin, sedimentary facies are more diverse: FA3 is less well represented, whereas FA4 (lacustrine sublittoral facies
association) is dominant (Figure 3). Depositional environments range from palustrine domain to shallow littoral and low-energy distal, sublittoral domains
(Figure 13A). The presence of the salinity tolerant gastropod Hydrobia (reported from quiet estuaries, coastal marshes and saline lakes) and the absence of

purely freshwater fauna may point to brackish water or a variable salinity (Casagranda et al., 2005). The moderate negative covariance between 5§80 and 8§'3C
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values (Hora section) could indicate an enrichment of 0 and !2C, explained by a decrease in the freshwater input associated with an evaporative effect and
anincrease of organic productivity, respectively (Utrilla et al., 1998; Algicek & Jiménez-Moreno, 2013). An alternative explanation is the possible contamination
of the lake water with episodic incursions of marine-related water or groundwater inflows (Lettéron et al., 2018). Indeed, a few points of the dataset are close
to values of marine calcite of Serravallian-Tortonian age (Figure 11). This hypothesis is also supported by the 8Sr/%6Sr ratios that show intermediate values
between meteoric and marine waters, at the beginning of the Pythagorion Formation, in both the Kavouraki and the Hora sections. This may suggest a mixing
of water of different origins of marine and non-marine waters (Ligios et al., 2012). Under the warm temperate and highly humid climate at that period, such

episodic connections with marine-related waters could finally explain the origin of salinity in this lake.

In the south of the Karlovassi Basin (Marathokampos section; Figure 3), the equivalent Pythagorion Formation displays the facies association FA3. Palustrine
to shallow marginal lacustrine conditions are therefore inferred. However, the isotopic dataset does not show any good covariance, which suggests a
hydrologically opened system and humid conditions (Talbot, 1990). The positive §'3C values (from +3.00 to +6.92 %o) may be explained by a *3C uptake related
to photosynthetic activity and the leaching of the basement marbles in the catchment area (Lettéron et al., 2018). Indeed, the marbles of Fourni Island (south-
westward of Samos) typically display positive 8*3C values (Lazzarini & Cancelliere, 2000). and may have resulted in 3C—enriched HCOs™ waters. The large range
of 680 values (from -11.71 to -5.83 %o) associated with a lesser variability of 63C values may point to dryer periods with negative inflow/evaporation ratios
(Talbot, 1990; Arenas et al., 1997; Lettéron et al., 2018). No salinity indicators were found within the Marathokampos section, but Stamatakis et al. (1989)

interpreted saline and alkaline conditions, further north.
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These differences between basins and between areas of the same basin point to the existence of several separate or partially separate lake water bodies, with
possible episodic connections between them. Possible connection of the lake system with a neighbouring marine-influenced water body is inferred in the

Mytilini Basin at the base of the Pythagorion Formation.

7.1.2. Hora Formation

In the Mytilini Basin, the Hora Formation conformably overlies the previous deposits and starts (Unit 1) with the alternation of facies association FA5 (marginal
evaporative) and FA4 (lacustrine sublittoral) (Figure 3. This pattern records water level fluctuations, causing the development of hypersaline shallow marginal
environments and episodic desiccation (Figure 13B). The positive 620 and §'3C values observed for the dolomitic facies indicate enrichment both in 80 and
13¢C. Assuming equilibrium precipitation, this may indicate that the dolomite precipitated from water with relatively long residence times associated with a low
precipitation/evaporation ratio, under evaporitic conditions (Gasse et al., 1987; Hillaire-Marcel & Casanova, 1987). These interpretations are consistent with
the diatom floras (dominated by Cyclotella aegaea and Nitzschia frustulum; Owen et al., 2011) that indicate alkaline and saline conditions (Trobajo et al., 2004;
Kociolek & Khursevich, 2013), as well as the presence of Hydrobia. They are also supported by the &Sr/%Sr ratios, observed at the base of the Hora Formation,
which, again, point to a mixing of marine and non-marine waters (Ligios et al., 2012). Such deposits were not observed in the Marathokampos section
(Karlovassi Basin; Figure 3) where FA4 is dominant, with 8Sr/%Sr ratios indicative of the water continental origin. Stamatakis et al. (1989) interpreted saline
and alkaline conditions, further north. This may point to separate basins, with different hydrological conditions. This environmental evolution is accompanied,

from Unit 1 to Unit 2 (Figure 3), by changes in the physiography of the basins, marked by synsedimentary deformations (slumps, convolute; facies C5b) in a
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period of tectonic instability (Owen et al., 2011). This seems to have generated a high subsidence and the formation of sedimentary slopes that separate

proximal shallow margins from a distal deep offshore domain (Figure 13B).

Units 2 and 3 (Figure 3) are characterised by homogenisation of the sedimentary pattern, with the occurrence of FA6 (lacustrine profundal facies association),
and a lack of subaerial exposure, which suggest offshore and relatively deep perennial lacustrine conditions, in both basins. The lack of covariant trends
between 80 and 63C values, and the similar range of values for the three sections (Marathokampos, Kavouraki, Hora) also suggest a hydrologically open
system (Talbot, 1990) with a significant lake expansion that connected the pre-existing isolated water bodies, and the two main basins through the Pyrgos
sub-basin. The narrow range and negative 830 values of calcite (-8.46 %o to —2.56 %o) suggest 1°0-rich meteoric waters due to subhumid conditions (Bustillo
et al., 2002; Algicek & Jiménez-Moreno, 2013). This is in agreement with the low &Sr/2%Sr ratios indicative of meteoric waters. The positive and variable §3C
values can be explained by the 3C uptake due to the high development of photosynthetic diatoms (McKenzie, 1985). The diatom assemblage, dominated by
C. aegaea and variants (Cyclotella sp. 1, C. aegaea var. pythagoria) may also indicate more dilute and brackish conditions compared to Unit 1 (Owen et al.,

2011).

Finally, the top of the Hora Formation (Unit 4) is marked by a gradual shallowing-upward trend, from FA6 (lacustrine profundal facies association) to FA4
(lacustrine sublittoral facies association) and FA3 (marginal palustrine), well exposed in the Kavouraki section (Figure 3). The relatively constant and negative
580 values (-7.56 %o to —6.24 %o) indicate the input of *0-rich meteoric waters, consistent with the low &Sr/%Sr ratios. The upward decreasing trend in §3C
values (from +5.75 %o to -0.61 %0) may reflect the progressive involvement of isotopically light CO derived from biological processes related to the swamp

vegetation in the palustrine domain (Huerta & Armenteros, 2005; Lettéron et al., 2018). This is in line with the floral assemblage FLA2 which suggests a
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homogeneous vegetation of a widespread and dense woodland developing mainly under temperate and moderate humidity conditions (loakim & Koufos,

2009), coeval with a slight deterioration in climate with cooler and drier conditions than previously (Koufos et al., 2011).

The diatom flora characterised by multiple species with a large range of salinity (from fresh to brackish water) and the co-occurrence of Hydrobia and Lymnaea
also suggest fresher conditions than before. The occurrences of Encyonema silesiacum (Bleisch) D.G. Mann and Diploneis ovalis (Hilse) Cleve are indicative of

freshwater species adapted to arid environments (Aboal et al., 2003; John, 2020).

This unit is capped by a major angular unconformity that seems to erode the upper part of the Hora Formation (Unit 4). This surface also indicates complete

desiccation of the lake and the exposure of the succession (Weidmann et al., 1984).

7.1.3. Mpytilini Formation

In the Mytilini Basin, the Mytilini Formation overlies unconformably the top of the Hora Formation. It is characterised by terrigenous alluvial sedimentation
involving different processes and environments (Figure 4). The Old Mill Beds Unit is composed of facies association FA2 and reflects an alluvial plain with
fluvial channels, on which volcanic tuffs are deposited and preserved. The Gravel Bed Unit is dominantly made up of facies association FA1, indicative of a
high energy fan-derived alluvial environment (Figure 13C). This evolution suggests a change in the flow regime, pointing towards more contrasted seasons
with recurrent important flooding episodes reactivating an ephemeral braided plain environment (Miall, 1977; Rust, 1978). The few carbonate beds sampled

for isotope analyses show values similar to the end of the Hora Formation with relatively constant and negative 620 values typical of meteoric waters (Huerta
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& Armenteros, 2005; Alcicek & Jiménez-Moreno, 2013). The low 63C values (most around 0%o) may be due to a mixture of atmospheric and soil-derived CO,

from the surrounding catchment (Sdez & Cabrera, 2002; Algicek & Jiménez-Moreno, 2013).

The White Beds Unit is characterised by the alternation of fine-grained muddy facies associations FA1 and FA3 (Figure 4). The presence of palustrine carbonate
facies (FA3) may point to localised freshwater (Planorbis) ephemeral ponds developed on an alluvial plain (Figure 13C). The Main Bone Beds Unit and the
Marker Tuffs Unit are dominated by facies association FA2 (stream-derived alluvial) and are characteristic of an alluvial plain with fluvial channels, with less
development of palustrine facies (FA3) indicative of dryer conditions and increasing volcanic activity at the end of the formation, explaining the important
accumulation of volcanic tuffs (V1 and V2). The occurrence of facies T4 (unchannelised sheetfloods) may also point to dry conditions with episodic flood events
(Figure 13C). This is in agreement with the floral assemblage FLA3, sampled in the Main Bone Beds Unit, that indicates open vegetation rich in herbs developed
under drier conditions compared to the previous assemblages (loakim & Koufos, 2009). Algicek and Jiménez-Moreno (2013) even described a semiarid climate
in the Karacasu Basin (SW Turkey). The isotopic analyses also show a different pattern than previously, with a wide variability of 620 and §'3C values and no

evident trends. This can be explained by the ephemeral character of the water bodies giving rise to facies C1 and C2, and highly variable hydrological conditions.

In the Karlovassi Basin, it was not possible to recognise the stratigraphic subdivisions defined in the Mytilini Basin (Figure 4). The succession is dominated by
facies association FA2, with abundant volcaniclastic tuff (V1 and V2) and floodplain facies (T5), and rare occurrences of fluvial channels (T2 and T3). The
isotopic measurements show a similar erratic pattern, with no specific trend. The #Sr/8%Sr ratios measured for the Mytilini Formation are slightly higher than
the general trend inferred for continental meteoric waters. This enrichment in 8Sr may be related to the interaction between meteoric fluids and the high

amount of volcanic material present in this formation providing more radiogenic strontium (Rhodes et al., 2002).
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7.1.4. Kokkarion Formation

The Kokkarion Formation overlies conformably the Marker Tuffs Unit (Weidmann et al. 1984). The presence of intercalated clays (T5) and marls (C1) in the
basal part of the Kokkarion Formation indicates a progressive transition, with no discontinuity. The facies are similar in both basins (Figure 4). This formation
is classically interpreted as travertine deposits (Weidmann et al., 1984; Stamatakis et al., 1989), but recent works (Bailly, 2019) have interpreted this formation

as typical of a paludal tufa system (Pedley, 1990).

The sedimentary facies analysis shows the coexistence of three palaeoenvironments (Figure 13D): an alluvial plain with local ephemeral ponds (FA2, only
observed in the Pythagorion section; Figure 4), passing laterally to a palustrine domain (FA3) and marshes colonised by Phragmites (FA7) (Bailly, 2019). Such
facies are typical of poorly drained, humid areas in which a mixed flora and fauna develop and become heavily encrusted by fringe cements (Pedley, 1990).
The presence of the gastropod Brotia cf. Graeca is also indicative of a shallow (less than 2 m), freshwater environment developed under a humid climate
(Baldi, 1973; Willmann, 1981), which is consistent with the low 8Sr/%Sr ratios. No palynological data were available for the Kokkarion Formation. However,
based on the Zanclean deposits of Crete, loakim et al. (2005) described a subtropical climate, a little more humid than in the Miocene. Algicek and Jiménez-

Moreno (2013) also described a subhumid climate in neighbouring south-western Anatolia.

The isotopic values are all in the same trend and show good negative covariance that may reflect post-depositional palustrine alteration processes (Boulton
et al., 2019). The negative 680 values suggest °0-rich meteoric waters (Alcicek & Jiménez-Moreno, 2013) and the dominantly negative 8'3C values suggest

involvement of isotopically light CO, derived from biological processes related to the marsh vegetation. The lower §3C values observed in the Marathokampos
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section may be interpreted as ?C-enriched soil-derived meteoric water coming from the surrounding catchment or groundwater (Dunagan & Turner, 2004),

due to a more proximal position than the Stephania section, localised in the middle of the Mytilini Basin.

7.2. Structural considerations

The initiation of the Mytilini and Karlovassi sedimentary basins of Samos in Serravallian times and their evolution throughout the Late Miocene seems to be
mainly controlled by N-S to NNE-SSW striking faults (Ring et al., 1999; Pe-piper & Piper, 2007). Due to the lack of reliable kinematic indicators, the kinematic
character of these faults is difficult to resolve convincingly. However, the geometrical relationship of the basin-bounding faults, the strike-slip character of the
NNE-SSW striking transition zone between Western Turkey (Menderes Massif) and the Aegean domain (Roche et al., 2019), and the major extension direction
parallel to the latter transition zone call for a style of deformation of the upper crust that is rather more complex than simple extension accommodated by
normal faults. Different models for the tectonic development and evolution of the sedimentary basins of Samos in the Late Miocene can be considered (Figure

14).

The first model (Figure 14A) is compatible with the interpretation of Ring et al. (2017) who proposed the existence of a sinistral strike-slip corridor (East Aegean
transition zone) which accommodated the differential extension between Western Turkey (Menderes Massif) and the faster extending Aegean domain. This
wrench component is superimposed on the regional NNE extension by translation across a diffuse plate boundary (Ring et al., 2017). In this hypothesis, a 20°
counterclockwise rotation since the Late Miocene is supposed. En echelon arranged highly oblique to strike-slip sinistral faults striking NE-SW associated with

NW-SE striking normal faults produce local extension and lead to the creation of the Karlovassi and Mytilini pull-apart basins.
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The second model (Figure 14B) is based on the interpretations of Roche et al. (2019), who conclude that the slab retreat related extension in the East Aegean
transition zone maintains a constant NNE-SSW direction while the observed deformation is accommodated by low-angle normal faults and ductile shear zones,
without clear evidence for large-scale strike-slip fault systems that could have been expected above a slab tear. This interpretation coincides with the
suggestions of Gessner et al. (2013) and Jolivet et al. (2015) on a diffuse gradient of crustal extension, accommodating the left-lateral displacement imposed
by the faster retreat south of the Aegean Sea in respect to the Menderes Massif. This model implies a 30° counterclockwise rotation affecting the continental
blocks of the East Aegean and part of the Menderes Massif (Kissel & Laj, 1988; Van Hinsbergen, 2010; Jolivet et al., 2015). On Samos (Figure 14B), major, NE-
SW striking, dextral strike-slip faults and conjugate, NNW-SSE striking, sinistral strike-slip faults accompanied by NW-SE striking normal faults produce local

extension in a NNE-SSW direction and have accommodated the initiation and evolution of the Late Miocene sedimentary basins.

The post-Miocene deformation of the Aegean domain, including Samos (Figure 14C), results from the interaction of the gradual westward extrusion of the
Anatolian Block and the acceleration of the slab retreat below the Aegean. The propagation of the North Anatolian Fault in the Aegean domain in the Early
Pliocene (Armijo et al., 1996, 1999) or even later in Late Pliocene to Middle Quaternary (Beniest et al., 2016; Ferentinos et al., 2018; Tsampouraki-Kraounaki
et al., 2021) marks the acceleration of the NNE-SSW stretching of the Aegean domain and enhanced shearing in a NE-SW to ENE-WSW direction (Sakellariou

& Tsampouraki-Kraounaki, 2019).

7.3. Regional palaeoenvironmental implications
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Based on the spatial and temporal evolution of the sedimentary systems occurring in the Samos basins, and their comparison with neighbouring basins, it is

possible to open a new window to the understanding of the forcing parameters on the sedimentation (Figure 15).

7.3.1. Serravallian to Early Tortonian

As described previously, the initial development of the Samos basins date from the late Serravallian (around 12 Ma) and coincides first with the end of a
crustal extensional phase that began in the Oligocene (D3 of Ring et al., 1999) and, second with the tearing of the subducting slab below the Eastern Aegean
and Western Turkey between 15 and 8 Ma (Jolivet et al., 2015). The subsidence occurs mainly along basin-margin strike-slip faults striking NE-SW, with
apparent correlative faults in the marine areas south of the Karaburun Peninsula (Ocakoglu et al., 2004, 2005; Pe-piper & Piper, 2007). These faults may have
facilitated the flow of magmatic fluids and have largely controlled the spatial distribution of alkaline volcanic rocks along the eastern margin of the Karlovassi
Basin and the western margin of the Mytilini Basin. Pe-Piper and Piper (2007) interpreted these features as indicative of large-scale strike-slip faulting, that
also occurred in the islands of Chios and Kos, but also in Western Anatolia, from the Late Tortonian until the Early Pliocene (Yilmaz et al., 2000; Kaya et al.,

2004; Goktas, 2014). Finally, the Pyrgos area is interpreted as a half-graben bounded by a WNW-ESE striking master fault.

During the deposition of the Basal Conglomerate and Pythagorion formations, the subsidence seems relatively slow and regular, as the depositional
environments remain shallow, water bodies are isolated from each other and no major break in the sedimentation occurs. The Late Serravallian — Early

Tortonian subtropical to warm temperate and highly humid climate (loakim et al., 2005), favours the development of freshwater lakes and wetlands in such
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extensional basins (Figure 15): It is the case further north in the Cesme and Karaburun Peninsula (Goktas, 2014; 2020) and in the South Saros Gulf (Saking et

al., 1999), but also in south-west Anatolian basins like the Cameli Basin or the Denizli Basin (Algicek et al., 2005, 2007).

A peculiar question in the case of the Mytilini Basin is the hypothesis of episodic connections with marine-derived waters. At that period, the Northern Aegean
region was separated from the Mediterranean in the south by the Cyclades sill that formed the main barrier for marine incursions (Meulenkamp, 1971; van
Hinsbergen & Schmid, 2012). However, around 12 Ma, the fragmentation of this landmass began and led to the formation of the future Mid-Aegean Trench
(fully accomplished by 10-9 Ma; Steininger & Rogl, 1984). Moreover, the Early Tortonian corresponds to a relatively high eustatic sea-level period (+60 m,
cycle TB2.2.6 of Haq et al., 1987; Tari et al., 2016). This may have enabled brief influxes of marine water, as observed in the Gulf of Saros at this period (Saking
et al., 1999; Krijgsman et al., 2020; Figure 15). Given the more southern position of the Samos basins compared to the Northern Aegean domain, such short-

duration marine ingressions, through intermediate basins, are conceivable.

7.3.2. Middle Tortonian

The onset of the Hora Formation is marked by a major reconfiguration of the basins’ morphology, with the development of deep depocentres and increasing
subsidence during a period of active extensional tectonics. In the Mytilini Basin, several pulses of subsidence have been identified. Three main episodes
(corresponding to Unit 1, Unit 2 and Units 3 and 4 of the Hora Formation, Figure 3) are characterised by a rapid deepening in the basin axis, followed by a
progressive shallowing upwards of the depositional environments. These trends, associated with the synsedimentary deformation described above suggest

short and abrupt tectonic pulses that generate subsidence, followed by a tectonic quiescence and basin infill sequences up to shallow marginal lacustrine

Q ‘el 2,8v550e

wouy

0 PUe SWIe | 841 39S *[£202/80/LT] U0 Areiqi8uiiuo AB11M ‘Or B9 - nelneag sndweD Ng T Ssuusy 80 918 RAIN Aq 62 249P/200T OT/I0p/L0D" By

95LB017] SUOLUILID BAEBIO SIGEO1IdE BU) AQ PAUIBACD 212 SIPILE YO 86N JO'S3|N 103 ARIGIT BUINUO ABIIA UO



environments in the basin depocentre. This increasing subsidence may be associated with an increasing rotation rate of the West Aegean block that may have
triggered (or enhanced) this deformation (Le Pichon & Angelier, 1981). Moreover, Brun et al. (2016) have proposed a significant acceleration of the slab retreat
below the Aegean from 0.6 cm/yr during the Oligocene to Middle Miocene, to 1.7 cm/yr since 15 Ma, and to 3.2 cm/yr in the Plio-Quaternary. This acceleration

can be explained by the tearing below the Eastern Aegean and Western Turkey.

The origin of such a transition seems to be of regional significance as many basins of the Aegean region are similarly affected; basin formation and initiation
of the sedimentation in Kos Island (Boger et al., 1974; Willman, 1983); basin formation, initiation, and rapid transition from continental to marine
sedimentation in Crete (Zachariasse et al., 2011), marine transgression in the South Saros Gulf (Saking et al., 1999) (Figure 15). On the other hand, this
deepening phase is not observed in the western Anatolian basins (Alcicek et al., 2005, 2007; Algicek, 2009). This is in line with the work of Ring et al. (1999)
who showed that both regions underwent very different degrees of crustal stretching. This important and rapid subsidence coupled with the warm temperate

and moderately humid conditions may explain the major expansion of the different isolated water bodies and their connections in a single major lake.

During this period (Hora Formation, Units 1 to 3), alkaline and saline water gave rise to evaporite precipitation and dolomitisation processes in the marginal
environments of the lake. Similar features occurred coevally in the South Saros Gulf (Saking et al., 1999) and in the Denizli Basin (Algicek et al., 2007) (Figure
15), which can be related to dryer conditions and by increasing seasonality (Owen et al., 2011), with increasing summer droughts throughout Paratethys and
the circum-Paratethys region (Butiseaca et al., 2021). Such severe droughts led to partial desiccation of the Paratethys megalake, between 9.75 and 9.6 Ma

and between 9.5 and 9.3 Ma (Butiseaca et al., 2021; Palcu et al., 2021; Figure 15). This deterioration in climate is accompanied by a progressive rise in the
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prevalence of grassy environments in the Eastern Mediterranean zone (loakim et al., 2005) that may have enhanced the production of terrestrial dissolved

silica during the late Miocene, favouring the important development of diatoms in Samos lake (Pellegrino et al., 2018).

The end of the Hora Formation is marked by an erosional angular unconformity, dated around 9 to 8.6 Ma (Weidmann et al. 1984; Boronkay & Doutsos, 1994;
D4 of Ring et al., 1999). An equivalent unconformity is observed in Kos Island and in the Cesme and Karaburun Peninsula (Figure 15), indicating a regional
event that also affected Western Anatolia (Yilmaz et al., 2000). Menant et al. (2013) and Roche et al. (2019), suggest that this short-lived regional compressional
regime is linked to the very beginning of Anatolia extrusion. However, this transition is also marked by a gradual shallowing-upward trend and the development
of palustrine conditions, prior to the unconformity. This period corresponds to one of the Paratethys regression episodes (between ca 9.0 and 8.7 Ma) and an
important climate and palaeoenvironmental change, with the replacement of the European humid forest landscapes by dry, open woodland and grasslands,
marking an increased aridity (Bbhme et al., 2018; Palcu et al., 2021). Thus, a possible role forclimate on the progressive desiccation of the Samos lakes, prior

to the unconformity cannot be totally discarded.

7.3.3. Late Tortonian to Messinian

Following crustal contraction, the basins were subjected to renewed subsidence with deposition of the thick (250 m in average) Mytilini Formation and
important volcanism in the Karlovassi Basin (Koumeika rhyolite, Katavasis (or Kallithea) igneous complex). Pe-piper and Piper (2007) interpreted these features
as indicative of large-scale strike-slip faulting, that also occurred in Western Anatolia, from the Late Tortonian until the Early Pliocene (Yilmaz et al., 2000; Kaya

et al., 2004; Goktas, 2014).
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Despite this subsidence, the Samos basins are filled by terrigenous and volcaniclastic alluvial successions, rather than lacustrine sediments. The same pattern
is observed in Kos Island, in the Cesme and Karaburun Peninsula, and in the South Saros Gulf with slightly diachronous timing (Saking et al., 1999) (Figure 15).
This suggests drier conditions, resulting from a deteriorating climate, that induced, low precipitation and river run-off but high evaporation, leading to an
ephemeral alluvial system. Indeed, during the late Tortonian-early Messinian, in the peri-Mediterranean region, a general trend of cooling and seasonal
aridification occurred from 8 Ma until 5.9 Ma (Tzanova et al., 2015; B6hme et al., 2018), culminating during the latest Miocene (MN13 - 6.6-5.3 Ma), when
the Mediterranean region was at its driest (Eronen, 2006, 2009; Fortelius, 2006). The latter can be correlated to the MSC, recorded in the Mediterranean
basins between 5.97 and 5.33 Ma (Krijgsman et al., 2010; Roveri et al., 2014; Flecker et al., 2015). Effects of the MSC differ by region, depending on
palaeogeography, palaeoclimate and palaeotopography. For example, in the Northern Aegean region (Saros Gulf), marine carbonate deposited during the
Late Tortonian to Early-Messinian are replaced abruptly by brackish sandstones and claystones of Late Messinian age (Saking et al., 1999; Sakin¢ & Yaltirak,
2005; Krijgsman, et al., 2020). This marks the transition between the Egemar Sea and the Egemar Lake (Krijgsman, et al., 2020), with a temporary loss of
Mediterranean influence due to regression of the Mediterranean from the region, and supply of fresh to brackish water from the Paratethys (Saking & Yaltirak,
2005). In Samos (as well as in Kos or in the Cesme Peninsula; Figure 15), no peculiar sedimentary pattern or discontinuity is observed, which suggests a relative

isolation of this region from the scenario described for the Northern Aegean region.

7.3.4. Zanclean
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From the latest Miocene to the present, a new extensional deformation phase occurred (D5 of Ring et al., 1999), producing W/NW-striking faults. Some of
them affect the Kokkarion succession, as in the Pythagorion area, where the outcropping section corresponds to a tilted block along a S-dipping normal fault.
This extensional deformation seems to have generated a gentle and homogeneous subsidence as the depositional environment of the Kokkarion Formation
remains unchanged and shallow all along the succession. The freshwater paludal palaeoenvironment is indicative of more humid conditions than during the
previous period. This trend is observed regionally, in the Northern Aegean and Western Anatolian regions (Figure 15). Indeed, even if Early Pliocene
precipitation decreased in Central Europe, warm and humid conditions were preserved in the Eastern Mediterranean region (Eronen et al., 2009; Algicek &
Jiménez-Moreno, 2013), giving rise to swampy and shallow lacustrine freshwater systems (Figure 15). The end of the succession is supposed to be marked by

an erosional surface (Weidmann et al., 1984), the origin of which remains unclear.

8. Conclusion

The Late Miocene to Pliocene continental sedimentary succession from Samos Island provides a complete record of the environmental perturbations
associated with climate change and active tectonics. The palaeoenvironmental evolution recorded by this succession has been characterised by a detailed
analysis, integrating sedimentological, palaeontological and geochemical data. Five main stages of basin evolution have been identified: 1) initiation of
sedimentation marked by the development of a megafan fed by lateral alluvial fans and distally subaqueous; 2) a series of isolated or semi-isolated shallow

lakes with variable salinity, from fresh to brackish, under warm and relatively humid conditions; 3) a large and deep lake with saline and alkaline waters, under

Q ‘el 2,8v550e

wouy

0 PUe SWIe | 841 39S *[£202/80/LT] U0 Areiqi8uiiuo AB11M ‘Or B9 - nelneag sndweD Ng T Ssuusy 80 918 RAIN Aq 62 249P/200T OT/I0p/L0D" By

95LB017] SUOLUILID BAEBIO SIGEO1IdE BU) AQ PAUIBACD 212 SIPILE YO 86N JO'S3|N 103 ARIGIT BUINUO ABIIA UO



slightly colder and drier conditions; 4) an alluvial system, with an ephemeral fluvial dynamic, developed under a dry climate; 5) a palustrine and paludal

wetland system, dominated by tufa carbonates, developed under moderately humid conditions.

The climate variability of the Late Miocene to Pliocene remarkably controls the depositional record found in Samos and its neighbouring regions. The dataset
supports a detailed depositional record of the deteriorating Late Miocene climate. This change started in the Early Tortonian with an increasing seasonality
and more and more arid conditions, culminating during the Messinian period with the replacement of the lacustrine systems by alluvial ones. Finally, during
the Early Pliocene, more humid conditions prevail, promoting the regeneration of freshwater swamps. The Samos succession also records the large-scale
effect of the geodynamic evolution of the Eastern Aegean zone, through significant subsidence, interrupted in the mid-Tortonian (9 Ma) by a brief compressive

event.

The origin of the salinity in these lacustrine environments could be due to episodic ingressions of marine-related water or groundwater inflows, as suggested
by the geochemical data and the presence of flora (diatoms) and fauna (gastropods) of marine affinity. This is line with marine connections described further

north for the same period.
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Figure 1: Simplified geological map (modified from Theodoropoulos, 1979) of Samos Island highlighting the Neogene sedimentary basins, with the location of
the studied sections and correlatable observations. Sections are: 1) Pyrgos; 2) Paghondas; 3) Mavratzei; 4) Kavouraki; 5) Mytilini; 6) Stephania; 7) Antenna; 8)

Hora; 9) Monasterio; 10) Pythagorion; 11) Marathokampos.

Figure 2: Stratigraphic columns showing the sedimentary infill of the Western Karlovassi and Eastern Mytilini basins, divided into five lithostratigraphic
formations. Datum corresponds to the top of the Kokkarion Fm. The radiometric ages are from Weidmann et al. (1984) and Pe-Piper and Piper (2007).

Abbreviations: B.Cg., Basal Conglomerate; OMB, Old Mill Beds; GB, Gravel Beds; WB, White Beds; MBB, Main Bone Beds; MT, Marker Tuffs.

Figure 3: Logs of measured stratigraphic sections of the Basal Conglomerate, Pythagorion and Hora formations (A) Mytilini Basin, (B) Karlovassi Basin. Location
of the different sections in Figure 1. All correlations are based upon laterally continuous lithostratigraphic units (typically basalt flows or volcanic tuff), and
remarkable surfaces. Datum corresponds to the top Hora — Base Mytilini Formations. Horizontal axis: Upper line: Ma, marls; M, Mudstone; W, Wackestone;
P, Packstone; G, Grainstone; F/R, Floatstone/Rudstone; B, Boundstone. Lower line: C, Clay; S, Silt; VF, Very Fine-grained sandstone; F, Fine-grained sandstone;

M, Medium-grained sandstone; C, Coarse-grained sandstone; Cg, Conglomerate.
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Figure 4: Logs of measured stratigraphic sections of the Mytilini and Kokkarion formations (A) Mytilini Basin; (B) Karlovassi Basin. Location of the different
sections in Figure 1. All correlations are based upon laterally continuous lithostratigraphic units (typically basalt flows or volcanic tuff), and remarkable
surfaces. Datum corresponds to the top Hora — Base Mytilini Formations. Horizontal axis: Upper line: Ma, marls; M, Mudstone; W, Wackestone; P, Packstone;
G, Grainstone; F/R, Floatstone/Rudstone; B, Boundstone. Lower line: C, Clay; S, Silt; VF, Very Fine-grained sandstone; F, Fine-grained sandstone; M, Medium-

grained sandstone; C, Coarse-grained sandstone; Cg, Conglomerate.

Figure 5: Overview of the different terrigenous facies. Geologists, hammer, notebook and finger for scale. (A and B) Facies T1, normally graded, matrix-
supported conglomerate. (C) Close-up view on facies T1, showing clasts of reworked carbonate facies in a silty/sandy matrix. (D) Facies T2, clast-supported,
channelised (black lines), polygenic conglomerate. (E) Facies T2 with clast imbrication (black arrow) alternating with T3, a cross-bedded (white arrow), coarse
to medium-grained sandstone. (F) Close-up view on facies T3, coarse to medium-grained sandstones with badly expressed planar lamination. (G) Facies T4,
planar and lenticular beds of planar-laminated medium to fine-grained sandstones (black arrow) interbedded with facies T5, reddish silty claystones. (H) Facies
T5, a reddish silty claystone with irregular and nodular pedogenetic levels (white arrow) alternating with volcanic tuff layers (Facies V1, black arrows). () Close-

up view on facies T5, showing root traces.

Figure 6: Overview of the different volcaniclastic facies. Geologists, hammer, Jacob staff and pencil for scale. (A) Metre-scale alternation of facies V1 (subaerial

volcanic tuff, grey layers) and Jacob staff facies T5. (B) Close-up view of facies V1, showing coarse, badly sorted materials. (C) Metres-thick layer of facies V2,
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a yellowish tuff interbedded with facies C5. (D) Metre-scale turbiditic layer made of a greyish tuff (V2) interbedded with facies C9. (E) Close-up view at the
base of this turbiditic layer, showing convoluted structures. (F) Microscopic (XPL) view of facies V2, made of subhedral to euhedral phenocrysts of plagioclase

and pyroxene embedded in a matrix made of silt-size unidentified vitreous fragments.

Figure 7: Overview of the different carbonate facies (Part 1). Geologists, hammer and pencil for scale. (A) Facies C1, blue green marls, evolving toward the top
in facies C2, a silty, gastropod mudstone to wackestone. (B) Whitish pedogenetic glaebules in facies C1. Pencil for scale. (C) Facies C2, silty, gastropod mudstone
to wackestone with some preserved gastropods (back arrows). (D) Vertical thin root traces (black arrows) in facies C2. (E) Microscopic (PPL) view of facies C2,
a wackestone with gastropod debris. (F) Microscopic (PPL) view of facies C3, a silty peloid packstone. Porosity in blue. (G) Metric tabular bed of facies C4, a
silty peloid packstone with planar lamination. (H) Microscopic (PPL) view of facies C4, a peloid grainstone with ooids and gastropods debris. (I) Facies C5a, a
well-stratified mudstone, forming tabular decimetre-thick beds. (J) Microscopic (PPL) view of facies C5a, showing a faint planar lamination. (K) Facies C5b,

showing synsedimentary deformation and slump structure. (L) Facies C5b, with slumps, draped and overlain by planar conformable beds.

Figure 8: Overview of the different carbonate facies (Part 2). Geologists, hammer, finger and pencil for scale. (A) Close-up view of facies C6, a dolomudstone
with leached gypsum cavities (black arrow) and facies C7, a laminated dolomudstone. (B) Microscopic (PPL) view of facies C6, showing leached gypsum cavities
with rare remaining gypsum crystals. (C) Metre-thick alternation of facies C8, a whitish, well-stratified dolomudstone with greyish C6 and C7 facies. (D) Facies

C9, characterised by the milimetre to centimetre-scale alternation of crinkled diatomite-rich laminae and carbonate laminae. (E) Microscopic (PPL) view of
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facies C9, showing a recrystallised (silicified) diatomite-rich laminae, between two carbonate laminae. (F) Facies C10, an intraclastic and bioclastic wackestone
to packstone. (G) Microscopic (PPL) view of facies C10, a packstone rich in charophyte gyrogonites and ostracod debris. (H) Microscopic (PPL) view of facies
C10, a complex pore network formed by circum-granular cracks, and partially filled by a granular calcite (pink staining) cement (porosity in white). (1) Facies
C12, a rudstone made of broken stem-moulds (phytoclasts). (J) Facies C11, a phytoherm framestone forming discontinuous patches and beds made of the
amalgamation of stem moulds, in life position. (K) Microscopic (PPL) view of facies C11, showing the stem-mould structure made of alternating calcite micrite

and spar to microspar laminae. (L) Facies C13, an oncoid (black arrows) and phytoclastic floatstone.

Figure 9: Synthesis and vertical distribution of the main palynological data (after loakim & Solounias, 1985; loakim et al., 2005; loakim & Koufos, 2009; Koufos

et al., 2011), gastropods (after Koufos et al., 2011; Owen et al., 2011) and diatoms (Owen et al., 2011).

Figure 10: Results of oxygen (6'0) and carbon (6'3C) stable isotope analyses (in %o relative to V-PDB) of the original micrite and dolomicrite, plotted vertically

along four representative sections, divided by stratigraphic formations.
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Figure 11: Results of oxygen (6*80) and carbon (6'3C) stable isotope analyses (in %o relative to V-PDB) of the original micrite and dolomicrite, plotted in cross-
plot diagrams for the different stratigraphic formations. The grey rectangle corresponds to calcite marine values. Correlation coefficient (r?) are indicated and

dashed lines correspond to trend line for covariant series. Location of the different sections in Figure 1.

Figure 12: Results of strontium isotope analyses (87Sr/%Sr ratios) for the four representative sections, plotted stratigraphically and compared to the #Sr/2°Sr

ratios from the Phanerozoic seawater curve (McArthur & Howarth, 2004). Stratigraphic positions of the different samples are approximate.

Figure 13: Depositional models for the Late Miocene succession from Samos Island. A) Basal Conglomerate and Pythagorion formations: brackish lake and
wetland under wet climate; B) Hora Formation: deep salt lake model under dryer climate; C) Mytilini Formation: ephemeral alluvial system under dry

conditions; D) Kokkarion Formation: palustrine and paludal tufa system under more humid conditions.

Figure 14: Structural models for the initiation and development of the Samos basins. See text for explanation.
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Figure 15: (A) Geological time scale with global stages, mammal biozones and European land mammal ages, according to Hilgen et al. (2012). (B) Summary of

the main palaeoenvironmental conditions in Samos (this study). (C) Summary of the main palaeoenvironmental conditions of the neighbouring regions of

Samos Island. (D) Possible regional external forcing parameters.

Table 1: Summary of the main sedimentary facies identified in the iMiocene-Pliocene succession of the Samos basins and associated palaeoenvironmental

interpretations.

Table S1: Stable isotope analyses (C, O, Sr) per sections and formations.

Lithofacies (Average thickness)  Lithology/Texture

Bedding and sedimentary structures

Components

(T1) Normally graded, matrix- Matrix-supported - Irregular erosional base, erosional - Basement clasts, cobble to pebble in size
supported conglomerate polygenic breccia scours (marbles, quartz and schists)

(1-3m) - Fining-upward, massive, badly stratified - Reddish coarse-grained sandstone matrix
(T2) Clast-supported, polygenic Polygenic, clast-supported - Erosional basal surface - Basement clasts, cobble to pebble in size,
conglomerate (1 —2 m) conglomerate - Clast imbrication, trough-cross bedding ~ Plant debris / Coarse-grained sandstone matrix
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(T3) Coarse- to medium-grained
sandstones with floating pebbles

(10cm—-1m)

Coarse- to medium-

grained, moderately sorted

sandstone with floating
pebbles

- Lower erosive surface and upper planar
one. Fining-upward trend

- Trough-cross bedding and plane parallel
laminations

- Various material, depending of the area and
formation: volcaniclastic material, quartz,
carbonate lithoclasts

(T4) Planar-laminated medium- to
fine-grained sandstones
(10-50cm)

Poorly sorted, medium- to

fine-grained sandstone

- Discontinuous lenticular beds
- Non-erosional, undulatory base
- Planar horizontal lamination

- Reworked volcaniclastic material
- Local granule lenses on bedding planes

T5) Reddish silty claystone
10cm—-1m)

Mottled reddish to
brownish, silty claystone

- Root traces, whitish nodules,
desiccation cracks

- Silt-size subangular quartz grains
- Some floating pebbles

10cm -2 m)

Silty marl

- Bioturbation, root traces and nodular
carbonate concretions

- Gastropods, vegetal debris, pyrite

(
(
(C1) Blue/green marls
(
(

C2) Silty, gastropod mudstone to
wackestone rich in plant debris

(10cm—-1m)

Marly mudstone to
wackestone

- Bioturbation, root traces and nodular
carbonate concretions
- Fenestrae

- Gastropods, charophyte gyrogonites, vegetal
debris

- Silt-size quartz and clay

(C3) Silty peloid packstone
(10-50cm)

Well-sorted, silty peloid
packstone

- Lower erosive surface

- Peloids, gastropod and ostracod debris, rare
Characean gyronites. Clay clasts.

(C4) Peloid grainstone with ooids
and gastropods (10 cm —1 m)

Well-sorted grainstone

- Slightly erosive lower surface
- Cross-bedding, Rare flat HCS-like

- Peloids, micritized ooids, intraclasts
- A few gastropod debris and fish remain

(C5a & C5b) Well-stratified
mudstone (5 —-10 cm)

White, sometime chalky,
mudstone

- Non-erosional flat top and bottom
surfaces, faint planar lamination
- C5b: slumps, creeping balls, folds

- Micritic peloids, gastropods debris,
intraclasts (less than 5 %)
- Centimetre to decimetre-scale cherts

(C6) Dolomudstone with leached  Dark grey dolomudstone - Planar irregular lamination Azoic
gypsum (10— 20 cm) - Dissolved gypsum lenses and nodules
(C7) Laminated dolomudstone Dark grey, planar- - Sub-horizontal, crinkly, laminae Azoic

(10-20cm)

laminated bindstone

- Brecciation at top of beds. Fenestrae

(C8) Well-stratified dolomudstne
with cherts (10 — 20 cm)

Whitish, nearly azoic
dolomudstone

Well-stratified tabular beds, with flat top
and bottom surfaces

- Rare gastropods, rare, corroded diatoms
- Dark-brown isolated chert nodules
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(C9) Thinly laminated
papyraceous diatomites
(10cm —10’s of m)

Mm- to cm-scale laminae
of micrite, diatomite and
diatomaceous silt

- Thinly laminated
- Slumps, syn-sedimentary deformation
- Broken laminae

Diatoms

(C10) Intraclastic limestone
(10cm—-1m)

Greyish, poorly sorted,
intraclastic and bioclastic
wacke- to packstone

- Irregular base and top
- Root moulds, circum-granular cracks
- Pseudomicrokarstification

- Peloids, intraclasts, phytoclasts
- Charophyte gyronites, gastropods, ostracods
- Dark, silty micritic matrix00

(C11) Phytoherm framestone
(20cm—-1m)

Beige, phytoherm
framestone

Laterally discontinuous metric-scale
patches and beds with irregular
boundaries

- Amalgamation of mm- to cm-scale stem
moulds, in life position, Charophyte gyronites,
ostracods. Dark micritic to peloidal matrix.

(C12) Phytoclast rudstone
(20cm—-1m)

Badly-sorted, phytoclast
(silty) rudstone

Irregular bedding planes and root traces
at their top

- Phytoclasts, gastropods, oncoids, charophyte
thalli and gyrogonites. Dark, silty, micritic
matrix

(C13) Oncoid and phytoclastic
floatstone (20cm —1 m)

Oncoid and phytoclastic
floastone

- Lower erosive surface and upper planar
one. Fining-upward trend

- Gastropod debris, phytoclasts, intraclasts,
oncoids. Dark beige silty micritic matrix

(V1) Subaerial volcanic tuffs
(10cm—-1m)

Light grey volcanic tuff

- Laterally continuous, fining upward
layers with sharp, but non erosive basal
contact, and no internal truncation

- Rare root traces

- Subhedral to euhedral phenocrysts of
plagioclase and pyroxene
- Matrix made of silt-size vitreous fragments

(V2) Subaqueous volcanic tuffs
(10-50cm)

Light grey volcanic tuff

- Massive layer, fining upward trend
- Convolute, cross bedding, current
ripples

- Subhedral to euhedral phenocrysts of
plagioclase and pyroxene

- Matrix made of silt-size vitreous fragments
- Clasts of basalts and carbonates
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Figure 12 - Strontium.jpg
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Figure 13 - Modeles Depots.jpg
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Figure 14 - Structurale.jpg
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