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Objectives

The late Miocene has been considered as one of the most climatically stable periods of the Cenozoic, characterized by
minor long-term cooling and ice growth (Zachos et al., 2001). Especially, the Tortonian-Messinian Transition (TMT) is
recognized as a priority for paleoenvironmental reconstruction and climate modelling due to the significant
paleoenvironmental changes preceding the Messinian Salinity Crisis (MSC) (Blanc-Valleron et al., 2002; Drinia et al.,
2007) and the development of the modern Mediterranean-type climate (Mertz-Kraus et al., 2009) respectively. This time
window is of particular importance for the paleoceanographic evolution of the entire Mediterranean Sea, because it covers
the successive closure of the marine Mediterranean-Atlantic gateways, which culminated in the onset of the MSC. The
basin experienced a dramatic hydrological and biological crisis induced by a powerful combination of geodynamic and
climatic drivers (Roveri et al., 2014; Karakitsios et al., 2017a; Krijgsman et al., 2018). The change of the Mediterranean's
connections with both the Atlantic Ocean and the freshwater Paratethyan basins, caused high-amplitude fluctuations in
the hydrology of its basins (Karakitsios et al., 2017b; Vasiliev et al., 2019), which had a great impact on the subsequent
geological history of the Mediterranean area, and on the salinity of the global oceans. The geological expression of this
evolution was the omnipresent cyclic marl/sapropel succession because freshwater input was not constant, but strongly
pulsed at precessional time-scales (Hilgen et al., 1995). In the present study, we present an integrated study based on
sedimentological, micropaleontological, and geochemical data from the pre-evaporitic sedimentary sequence of the
Faneromeni section (Crete Island, eastern Mediterranean), which provides an excellent illustration of the progressive
restriction of the Mediterranean basin in response to paleoclimate. The observed sedimentary cyclicity corresponds to
lithological alternations from laminated to indurated homogeneous marls and clayey limestones, and covers the late
Tortonian and earliest Messinian stages (7.6-6.7 Ma; Moissette et al., 2018). Outcropping marine sediments in Crete,
which preserve the foraminiferal signal intact, provide windows into the Mediterranean that have not been recovered by
deep sea drilling, because the late Miocene sedimentary record from this area is buried under thick layers of salt deposited
when the Mediterranean desiccated.

Methods

The tools used by the Miocene palaeoclimate community have changed over time, and researchers continue to use the
most sophisticated and independent techniques available for reconstruction. Proxies have been developed to estimate
different aspects of the environment, but surface ocean temperatures and salinities are by far the primary data generated,
since together they control ocean water density and thereby thermohaline circulation. Initially, the foraminiferal record
was qualitatively evaluated for dissolution by X-ray micro-computed tomography. Stable oxygen (§'0) and carbon (5*3C)
isotopes were also used to estimate salinities, and indirectly ice volume. Moreover, primary temperature proxies, including
foraminiferal Mg/Ca and Sr/Ca ratios, were utilized for the paleotemperature reconstruction. Those proxy techniques have
strengths and limitations (Kontakiotis et al., 2011, 2016; Antonarakou et al., 2019), but each plays an important role in
our conceptual understanding of the late Miocene Earth. The use of multiple proxies is of great benefit to gaining more
robust and detailed estimates of the palaeoenvironment as long as the relative limitations of various techniques are
recognized.

Results

We present the first evidence for changes in the upper water column reflected by sea surface temperature (SST) and
salinity (SSS) variations that correlate with pronounced paleoclimatic fluctuations. Our planktonic isotope record, in
combination with paired mixed layer Sr/Ca-derived SST data, reveal that the very warm late Tortonian interval was
followed by a strong long-term cooling and desalination trend (up to 10°C and 10%. respectively) during the earliest
Messinian. This change in the upper water column just after the T/M boundary attributed to the paroxysmal phase of the
so-called “siphon” event. Especially, the climate shift that occurred at the end of a global carbon isotope decrease suggests
that changes in the carbon cycle were instrumental in driving late Miocene climate dynamics (cooling and aridity) in the
progressively isolated eastern Mediterranean Sea. The observed salinity variability during that time interval also provides
further insights about seasonal freshwater inputs, and gives new support to the much-debated hydrological regime
preceding the deposition of evaporites.
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Conclusions

This study focuses on and further extends the application of the foraminiferal Sr/Ca paleothermometer to late Miocene
Mediterranean sections, and inserts the climate history of this setting into the framework of global climate through this
time period. Our findings reveal a non-gradual increase in sea surface salinity prior to the onset of the MSC, but substantial
variability in response to climatic oscillations, supporting the concept of a stepwise restriction of the Mediterranean Sea.
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