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1- Introduction

The Eastern Mediterranean (EM) is located in a climatically sensitive region since small changes in
regional atmospheric circulation may have significant and rapid changes in rainfall amount and effective
infiltration (Bar-Matthews et al., 2003; Cheng et al., 2015). Whereas climatic changes in this region are
reasonably known regarding spatial and temporal resolution for the Holocene (e.g. Frumkin et al., 1999,
2000; Verheyden et al., 2008a; Ayalon et al., 2002, 2013; Nehme et al., 2015; 2018; Cheng et al., 2015,
Rowe et al., 2019, Keinan et al., 2019; Bar-Matthews et al, 2019), climatic information is more limited for
the Last Glacial and Last Interglacial (Marine Isotope Stage- MIS 5e) and gets particularly poor prior to
MIS Se.

In this context, speleothems (e.g. stalagmites) are currently considered as the most suitable terrestrial
archives for establishing high resolution proxy time-series in paleoclimate research (Genty et al., 2003;
Cheng et al., 2012; Fairchild and Baker, 2012). Beyond qualitative trends, speleothems can also provide
quantitative estimates of paleoclimate data (temperature and rainfall amount) either through cave-specific
proxy calibration (Tremaine et al., 2011) or through the isotopic analysis of fluid inclusions trapped
within the carbonate speleothems at the time of their formation (Matthews et al., 2000; Verheyden et al.,
2008b; Vonhof et al., 2006; Dublyansky and Spoétl, 2009). Moreover, the application of clumped isotopes
on associated calcite provides an additional control on the cave temperatures and its variation at the time
of speleothem formation (Affek et al., 2008; Meckler et al., 2015; Kluge et al., 2020).

This contribution presents a new stalagmite stable isotope data (3"°C and &'®0) from Pentadactylos cave
(Cyprus), which provides a high-resolution and well-dated record for the Northern Levant region covering
the time period from 175 to 163 ka, 141 to 132 ka and 127 to 110 ka. The combined measurements of
calcite 8"C and 3'®0 and fluid inclusions isotope values (8D; 8'*0y,), together with carbonate clumped
isotopes (A47), allow the estimation of the amplitude of the temperature rise between the end of the
Penultimate Glacial and the Last Interglacial optimum. This record also allows to quantitatively
understand the variations of the calcite 8'*Oc values through time. The different controls on the oxygen
isotopic composition of the calcite (3'*Oc) during MIS 6 and MIS 5 (Mediterranean sapropels, rainfall
amount, atmospheric circulation) will also be discussed in the Eastern Mediterranean (EM) context.

2- State of the art

2.1. The last Glacial (G)-Interglacial (IG) in the Mediterranean region

The last G-IG cycle covers Marine Isotope Stages (MIS) 6 (185-135 ka; Ehlers and Gibbard, 2007) and 5
(130-75 ka). During Marine Isotope Substage 6e (ca.179—-165 ka; Margari et al., 2010), sea-level was —40
to —60 m relative to present (Thompson and Goldstein, 2006). The Mediterranean basin experienced
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overall wetter conditions than previously thought (Chedadi and Rossignol-Strick, 1995), concurrent with
glacial conditions in northern latitude regions (Ehlers et al., 2011). The overall wet conditions are the
result of enhanced ITCZ activity through an intensified monsoon activity at the Nile Headwaters and
concurrent with enhanced rainfall over the entire basin (Kallel et al., 2000). Although sapropel layers, an
organic-rich sediment, in the EM basin are generally deposited during cycles of extreme wet periods
(Emeis et al., 2003; Ziegler et al., 2010), the atypical sapropel S6 during the glacial MIS6 is a result of
freshwater input, mostly from the Nile discharge, inducing lower &0 values in the seawater and
consequently in EM rainwater and speleothems.

Marine cores revealed the existence of D-O-like climatic oscillations related to shifts in atmospheric
circulation during the early and mid-MIS 6 (~178-150 ka; Margari et al., 2010; Stocker and Johnsen,
2003; Barker et al., 2011). These oscillations, sensitively mark some of the terrestrial records in the
Central and EM basins reflecting millennial and sub-millennial rainfall and/or temperature variability
(Tzedakis et al., 2009; Roucoux et al., 2011; Regattieri et al., 2014; Nehme et al., 2018). The late-MIS 6
(ca. 150-135 ka) was generally colder with a reduction of millennial variability as the climate reached
more stable maximum glacial conditions (Bar-Matthews et al., 2003; Regattieri et al., 2014). This relative
stability ended with the deglaciation (Termination - TII, ca. 135-130 ka), which is well-recorded in south-
Levant speleothems (Bar-Matthews et al., 2003). Mediterranean marine cores suggest a temperature
change of roughly 12°C between MIS 6 and MIS 5 (Emeis et al., 2003). Villars cave speleothems in
North-Western Europe indicate a similar temperature difference for this deglaciation of about 13.2 to
14.6+ 2.6°C (10) (Wainer et al., 2011). To date, no terrestrial temperature estimate is available for the
penultimate G/IG cycle (MIS 6 to MIS 5Se) in the Levant region.

The succeeding interglacial (MIS-5e) period (129-116 ka; Dutton and Lambeck, 2012; Masson-Delmotte
et al., 2013) is generally characterized by a minimal ice volume, with a sea-level of 4-6 m higher than
present (Kopp et al., 2009, Waelbroeck et al. 2002) and a global mean surface temperature of 1-2°C
above the Holocene reference (Otto-Bliesner et al., 2013). The Mediterranean basin experienced warm
conditions during the MIS 5e period with the deposition of the sapropel S5 (Rohling et al., 2002, 2015;
Scrivner et al., 2004) and enhanced rainfall (Kallel et al., 2000). The linkage between sapropel deposition
(marine environment) and the Levant terrestrial records is expressed in the similar timing of the deposits
with an increase in speleothem deposition (growth rate) (Ayalon et al., 2002; Bar-Matthews et al., 2003;
Nehme et al., 2015) occurring simultaneously with low &0 values registered in speleothems,
demonstrating that both land and sea systems simultaneously experienced enhanced rainfall and fresh
water input during this period (Bar-Matthews et al., 2019).

In the EM, the LIG (Eemian) started around 128 ka within age uncertainties (Bar-Matthews et al., 2003;
Tzedakis et al., 2004, 2009). The related wet phase is supported by a general increase in speleothem
growth rates, also observed in the Central (Drysdale, et al. 2009; Regattieri et al., 2014; Columbu et al.,
2017) and Western Mediterranean (Dimitriu et al., 2018; Columbu et al., 2019). Except for the Dim
speleothem, Southern Turkey (Rowe et al., 2020), which partially grew during the deglaciation and the
LIG onset until 128 ka, no highly resolved terrestrial record covers the LIG period and its demise in the
Northern Levant. The wet/warm conditions along the Levant seems to be relatively stable in general as
shown in Peqiin and Soreq speleothem records (128-126 ka; Bar-Matthews et al., 2003, 2019) as well as
in Kanaan cave, Lebanon (Nehme et al., 2015). To check for possible regional discrepancies, related to
differences in location, atmospheric circulation patterns, local effect (orography, rainfall gradient) or
differential influence of sapropel events on terrestrial records regarding the LIG onset, length and demise
as well as the climatic variations during the last glacial MIS 6, it is crucial to investigate new records. The
new paleoclimatic data will expand the spatial resolution of the available paleoclimatic information in the
EM, in particular in the Northern Levant basin.

2.2. Speleothem proxies in general and in the Mediterranean
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Useful proxies in the speleothems archive for paleoclimate reconstruction includes elemental ratios, 5'°C
and 30 values, growth rate assessments, fluid inclusions isotopes, clumped isotopes, and others
(Fairchild and Baker, 2012). Speleothem growth can be a proxy by itself and has three significant
determinants: i) calcite saturation (Ca** and HCOs;-concentrations) depending on CO, degassing, ii)
temperature and iii) water supply rate (Baker et al., 1998; Dreybrodt, 1988; Genty et al., 2001). Rainfall
amount and temperature have an important influence on soil biological activity and consequently on CO,
production driving the dissolution and precipitation processes. Therefore, warm and humid conditions are
generally seen as ideal for speleothem deposition (Dreybrodt, 1988; Baker and Smart, 1995; Genty et al.,
2006). Warm and humid conditions will increase the growth rate of speleothems. Speleothem diameter
can also be used to infer climatic conditions because it is related to the dripwater supply, and thus to the
effective infiltration, and to the saturation state (Dreybrodt, 1988, 1999). Large stalagmite diameters are
related to wetter periods or periods with higher calcite saturation of the water. A minimal diameter relates
to drier periods or periods with minimal calcite saturation.

Carbonate 3'°0 values are amongst the most often used speleothems proxies. Unraveling the factors
controlling the 380 signal in speleothems, however, can be complex (McDermott, 2004; Fairchild et al.,
2006; Lachniet, 2009). In the Levant, more negative speleothem 5'%0 values are associated with wetter
conditions, while less negative speleothem 'O is generally ascribed to drier periods with lower rainfall
amounts (Ayalon et al., 2002; Verheyden et al., 2008a; Cheng et al., 2015; Nehme et al. 2015, 2018; Bar-
Matthews et al., 2019). Important variations in 5'*0 values have also been linked to changes in the source
of the water vapour and/or changes in storm trajectories (Frumkin et al., 1999; McGarry et al., 2004;
Kolodny et al., 2005).

Generally, variations in §"*C values can be the result of several factors: soil biogenic CO», a mix between
C3/C4 vegetation, reduced or increased soil vegetation, increased residence time and carbonate
dissolution, change in soil respiration rate, and/or seasonality. In the EM, 8"*Cearcire Variations are mainly
linked to changes in soil biogenic CO; through changes in local effective hydrologic conditions (Frumkin
et al., 2000; Bar-Matthews et al., 2003; Verheyden et al., 2008a; Cheng et al., 2015).

Quantitative estimates of temperature and/or vegetation changes are generally difficult due to the
existence of non-equilibrium deposition processes in at least some speleothems influencing the isotopic
composition (Mickler et al., 2006; Affek et al., 2014). However, under continuous humid conditions
speleothems are more likely to be deposited close to equilibrium, whereas and during drier periods, non-
equilibrium formation may be significant (Verheyden et al., 2008c, Lachniet et al., 2009).

Another possibility for reconstruction of paleotemperature changes from speleothems is given by clumped
isotope analysis (Affek et al., 2008; Affek, 2012; Meckler et al., 2014). Carbonate clumped isotopes refer
to heavy isotopologues that include two or more rare isotopes. They are quantified with the A value
(=R/Rstochastic) that describes their overabundance relative to the stochastic distribution (Eiler, 2011).
Speleothem studies using clumped isotopes can be subdivided in two groups: i) direct application as
absolute or relative temperature proxy in case of equilibrium mineral formation (Daeron et al., 2019) or if
disequilibrium stays constant (Affek et al., 2008), and ii) for detection and correction of variable
disequilibrium (Wainer et al., 2011; Kluge and Affek, 2012; Affek et al., 2014).

Fluid inclusions in speleothems as remnants of ancient dripwater record the water isotopic composition
from which they form. Since dripwater is closely related to the surface rainwater (Genty et al., 2014;
Affolter et al., 2015), isotopic composition may be used to recover ancient rainwater isotopic composition
if calcite contains sufficient water, i.e. >0.3 pl/analysis. McGarry et al. (2004) studied fluid inclusion
isotope values in three caves in Israel/Palestine during the last 140 ka and found correspondences to the
global meteoric water line and the Mediterranean meteoric water line in varying climate stages.

3- Current climatic settings of the Eastern Mediterranean
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The EM climate is currently influenced by the Atlantic westerlies, which bring in moist winds associated
with extra-tropical cyclones. These originate in the Atlantic and track east across the Mediterranean Sea,
forming a series of sub-synoptic low-pressure systems (Alpert et al., 2005). In winter, outbreaks of cold
air plunging south over the relatively warm Mediterranean Sea enhance cyclogenesis and create the
Cyprus Low. These low-pressure systems drive moist air onshore, generating intense orographic rainfall
across the Levant coast. The duration, intensity, and tracks of these storm systems strongly influence the
amount of rainfall in this region. On the island of Cyprus, the climate is warm temperate in the western
part and arid in its eastern side according to the Koppen—Geiger Climate Classification (Kottek et al.,
2006). Mean monthly temperatures range from 21°C along the coast to 15°C at the Kyrenia Range. The
climate is seasonal, with relatively wet winters (November to March) and dry, hot summers. The annual
precipitation reaches 600 mm along the Kyrenia Mountains at 1000 m above sea-level (asl) and up to
1000 mm on the Troodos (1952 m asl) summit (Cailhol et al., 2019). Both mountain ranges (Fig. 1B and
C) receive orographic-driven rainfall mostly from northern and northwestern winds. Despite its northern
situation in the EM, local climate is drier than the North-Levant coast where annual rainfall varies from
700 to 1400 mm on Mount-Lebanon (Nehme et al., 2019).
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Figure 1. The Mediterranean basin and site settings. A: Location of Pentadactylos Cave and other Mediterranean palaeoclimatic
records spanning Marine Oxygen Isotope Stage (MIS) 6 and MIS 5. Speleothems: Villars (Wainer et al., 2011), Crovassa Azzurra
(Columbu et al., 2019), Campanet (Dimitru et al., 2018), Tana Che Urla (TCU) (Regattieri et al., 2014), Argenterola (Bard et
al., 2002), Dim (Rowe et al., 2020), Peqiin (Bar-Matthews et al., 2003), Soreq (Ayalon et al., 2002), Kanaan (Nehme et al., 2015,
2018),. Lacustrine records: Dead-Sea/Lake Lisan (Kiro et al., 2017), the Yammouneh paleolake (Gasse et al., 2015), Lake Van
(Litt et al., 2014), and the loaninna (Roucoux et al., 2011) and Tenaghi-Philippon (Tzedakis et al., 2003, 2009) paleo lakes.
Marine cores: M40-71 (Emeis et al., 2003), ODP 968 (Ziegler et al., 2010), ODP 967 (Chedadi and Rossignol-Strick, 1995;
Emeis et al., 2003; Scrivner et al., 2004), ODP 977/A (Martrat et al., 2004, 2014). B: photo of the Pentadactylos peaks and the
white arrow showing the entrance to the Cave. C: map of the annual weighted mean precipitation of Cyprus (Interwies and
Gorlitz, 2012).

4- Cave site and sample description

The Pentadactylos Cave (35°17222.13"N, 33°28'18.49"E) is located at 800 m asl in the central part of the
Kyrenia Range (1023 m altitude, at the Northern coast of Cyprus (Fig. 1B). This mountain range with a
West-East direction faces the northern Levant sea-basin and include newly discovered caves developed
within Triassic to Cretaceous dolomitic limestone (Cailhol et al., 2019). The cave of 200 m depth
comprises few detrital deposits, non-active speleothems (draperies) and stalagmites on fallen blocks. The
two adjacent Penta stalagmite samples were retrieved from a 2 m-height chamber at 50 m depth from the
entrance and with. ca 200 m of limestone overburden. Relative humidity was not measured in
Pentadactylos cave, but was found to be between 88.6% closest to the entrance and up to 99.9% in the
deepest cave parts of Smoky Cave, another cave in the Kyrenia range at similar altitude and with similar
morphology (Cailhol et al., 2019. The Kyrenia Range is covered with a typical Mediterranean sparse
‘garrigue’ forest (i.e. pine shrubs) with sufficient soil thickness to ensure soil biological activity.
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Figure 2. Petrographic sections of the speleothem Penta-1 and Penta-2 showing from left to right: an image scan of the
speleothem, the stable isotopes sampling track (red line), the location of the U-Th datings, location of photos 1, 2 and 3 showing
the structure of the calcite laminae at 15 cm (photo 1), 46 cm (photo 2) and 53 cm (photo 3) depths. Locations of Al, A2 and C1
microscope images along the speleothem growth axis, are thin section photos with an indication of the identified large fluid
inclusions (arrows). Discontinuities D1 and D2 as well as ages considered outliers are marked in red.

Stalagmites Penta-1 and Penta-2 were cut along their growth axis and petrographically studied. The
Penta-1 sample is 56.1 cm long and comprises two petrographic segments A and B (Fig. 2). Segment A,
i.e. the upper part of Penta-1, is 30 cm long with a regular diameter of 6 to 7 cm wide. The segment
comprises a laminated structure of alternating white and brown laminae with a porous texture, a
dominance of columnar fabric and no post-crystallization disturbances. Segment B, i.e. the basal part of
stalagmite Penta-1, is 26.5 cm long and has a diameter of ~7 cm at the basal part to ~4 cm at the top. It
displays a laminated structure with alternating white and brown laminae at its top part and some post-
crystallization disturbances characterized by microcrystalline calcite and dissolution horizons, especially
in the basal part (Fig. 2-photo 3). Between 43 and 46 cm depth, perturbations in the sedimentary structure
are due to the interlinked growth of both stalagmites, i.e. part of the side of the Penta 2 stalagmite is
imprinted in the Penta 1 stalagmite and leads to circular structures (Fig.2 - photo 2) in the longitudinal
section. Penta-2 (segment C) is 28 cm long, has a regular diameter of 4-5 cm and consists of a laminated
structure of alternating white and brown laminae with a porous texture. Columnar fabrics are dominating
with no post-crystallization disturbances. Thin sections of 80 to 100 pm thickness of the base of segments
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A and C show a high concentration of fluid inclusions (Fig. 2-photos Al; A2). In segment A, these
inclusions are up to 40 pm long and are situated between columnar calcite crystals. In Segment C, fluid
inclusions of more than 50 um length are clearly identified with a higher concentration of inclusions
along the stalagmite flanks (Fig.2-photo C1).

Two discontinuities are observed along the growth axis of Penta-1. The discontinuity D1 at 46 cm depth
is a break in the stalagmite (Fig.2, Photo 2). There, a side part of the Penta-2 stalagmite is imprinted in the
Penta-1 stalagmite with re-dissolved calcite and no clear laminated structure (Fig. 2-photo 2). Another
discontinuity D2 is clear at 28 cm depth with a brownish dark lamina and contrasting the lamination in
part A2 of Penta-1 (Fig. 2). Discontinuity D2 is marked by a higher detrital content (Table 1).

S5-Methods

5.1. U-series dating

25 ages were determined at Xi’an Jiaotong University (China), using the procedures for uranium and
thorium chemical separation and purification described in Edwards et al. (1987) and Cheng et al. (2013;
2016). 100-150 mg powdered calcite samples were collected with a dental drill from 24 levels along or
close to the growth axis of the speleothem, except for one sample drilled off the growth axis (Pentad-17).

Table 1. Uranium-Thorium dating results. The uncertainty is given as 20 error. U decay constants: 1?38 = 1.55125x10-10 (Jaffey
et al, 1971) and [?**=2.82206x10-6 (Cheng et al., 2013). Th decay constant: 1230=9.1705x10-6 (Cheng et al.,
2013). %3 U=([>*UFBU]  activity-1)x1000.**F*Uinitial ~ was  calculated ~ based on  °Th  age (1),
i.e., ¥*Uinitial=#*Umeasured x el?**xT. Corrected *°Th ages assume the initial *°Th/**Th atomic ratio of 4.4 +2.2 x10-6
corresponding to a material at secular equilibrium with the bulk earth >2Th/?38U value of 3.8. The *°Th/?32Th error is arbitrarily
assumed to be 50%. ***B.P. stands for “Before Present” where the “Present” is defined as the year 1950 A.D. Samples with (*)
were considered as outliers.

Sample Depth =8y 221, 201 / B21 i B2 Z%ThAge (y)  “°ThAge (1) 5 U™  °ThAge (yr BP)***
Number mm (ppb) (ppt) (atomic x10°®) ) )
Pentad-14 4 1341 20.1 1359 227 1231 %25 1533 £1.2 0.7568 +0.0018 112539 2513 112294 +540 210 £2 112226 +540
Penta-24a 14 1790 202 1970 39 1125 223 120.1 £1.3 0.7511 £0.0013 117575 +448 117301 +487 16722 7 117232 2487
Pentad-13 38 1627402 2802 56 765 +15 156.6 +1.3 0.7991 £0.0018 123067 +576 122656 643 221 %2 122588 643
Pentad-12 78 161.6 0.1 614 212 3501 £71 1648 +1.1 0.8063 +0.0012 123250 410 123160 +414 233 22 123092 +414
Pentad-11* 135 1584 %02 798 16 2651 +53 1750 +1.2 0.8095 0.0017 121964 £520 121846 +526 247 £2 121778 +526
Pentad-10 141 167.5 20.1 692 £14 3277 +66 1752 £12 0.8216 £0.0013 125211 432 125114 437 249 2 125046 £437
Pentad-09 189 165.5 0.1 696 +14 3187 65 1610 £1.2 0.8127 £0.0014 125879 482 125779 +487 230 + 125711 2487
Pentad-08 243 176.6 202 782 £16 3083 +63 1804 +12 0.8287 +0.0022 126034 663 125931 667 257 125863 667
Pentad-07 283 1369 20.1 1000 £20 1795 36 133.0 £1.1 0.7955 0.0014 127353 500 127174 515 190 £2 127106 515
Pentad-19% 287 2900 +03 337 %7 12758 +267 2297 £1.3 0.8952 0.0015 134185 £522 134159 £522 335 +2 134091 £522
Pentad-06 289 2867 202 257 +5 16743 £356 2519 13 0.9097 +0.0012 132338 437 132319 £437 366 +2 132251 £437
Pentad-18* 307 3479 04 693 14 7759 +158 2606 +1.4 09372 £0.0017 137880 +582 137838 £582 385 2 137770 £582
Pentad-05* 315 3046 02 391 =8 11853 +240 247.0 £1.2 0.9218 0.0010 136798 404 136770 405 363 +2 136702 405
Pentad-04 368 139.1 20.1 459 +9 4351 +89 186.0 +1.2 0.8699 +0.0015 136548 535 136473 +538 273 22 136405 +538
Pentad-03 428 1844 0.1 881 =18 2954 +60 163.2 1.2 0.8556 +0.0018 138024 627 137912 £631 241 22 137844 +631
Pentad-17* 1196 201 239 +5 7005 +150 163.8 +1.3 0.8506 +0.0017 136336 616 136289 %616 241 +2 136221 +616
Pentad-16 474 1611 0.1 147 £3 15670 354 1702 +1.3 0.8677 +0.0016 139989 602 139967 +602 253 +2 139899 +602
Pentad-02* 509 1148 0.0 2462 49 659 +13 165.9 %1.2 08570 £0.0021 137784 £724 137281 804 244 £2 137213 +804
Pentad-15* 522 1330 0.1 745 15 2554 +52 183.7 +1.3 0.8679 0.0018 136541 £639 136412 644 270 2 136344 £644
Pentad-01 557 144.8 0.1 125 43 17239 2431 2109 £13 0.9059 +0.0015 141037 564 141017 +564 314 22 140949 +564
Pentad-23 546 195.6 0.2 289 6 10551 £216 1823 12 0.9468 0.0017 163519 +768 163485 768 289 £2 163416 768
Pentad-22 571 190.8 0.2 248 5 11620 240 137.9 £12 0.9158 +0.0021 167748 981 167716 £980 21 22 167647 £980
Pentad-21 625 239502 441 29 8036 163 109.5 12 0.8968 +0.0018 171239 £961 171194 2961 177 £2 171125 2961
Pentad-20 656 1502 £0.2 963 £19 2474 50 1725 1.6 0.9624 +0.0024 173368 £1209 173222 #1212 281 + 173153 1212
Pentad-00 71 109.0 £0.1 167 +4 10485 224 1816 12 0.9744 +0.0014 174720 2751 174685 +751 297 22 174617 £751

The data were obtained on a Thermo Neptune Plus multicollector inductively coupled plasma mass
spectrometers (MC-ICP-MS) following procedures modified from Cheng et al. (2013). Ages are
calculated from time of analysis (2018) with an uncertainty at the 2o level, typically between 400 and
1000 a (Table 1). The stratigraphic uncertainties are less than 1.5 mm. The age model was constructed
using the Constructing Proxy Records from Age models (COPRA) routine (Breitenbach et al., 2012),
based on polynomial interpolation and 5000 Monte Carlo simulations for each segment of the stalagmite
(Fig. 3). The polynomial function generates a monotonously positive depth-age slope (Breitenbach et al.,
2012) with the assumption that all dates should be in chronological order (within errors). The median and
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2.5% and 97.5% confidence intervals are based on 5000 Monte Carlo simulations. COPRA handles
multiple hiatuses, as long as each is bracketed by at least two dates, which is the case for this sample.

5.2. Calcite and water stable isotopes measurements

739 speleothem calcite samples with 125 duplicates (92% replicability) were sampled along the growth
axis (Fig. 2) for "°C and §'®*0 measurements and were drilled along the speleothem central axis with a
0.5-1 mm resolution using a Merchantek Micromill mounted on a Leica microscope. Between every
sample, the drill bit and sampling surface were cleaned with compressed air. The samples were analyzed
together with modern calcite samples using either a Nu Carb carbonate device coupled to a Nu
Perspective MS at the Vrije Universiteit Brussel or a Thermo Gas Bench II connected to a Thermo Delta
Advantage mass spectrometer in continuous flow mode at Karlsruhe Institute of Technology (Germany).
Analytical uncertainties were better than 0.1%o (16) for oxygen and 0.05%¢ (1c) for carbon on both
instruments. All "0 and §"°C values are calibrated against Vienna Pee-Dee Belemnite (V-PDB) and are
reported in permil (%o) relative to VPDB. The stalagmite was tested for isotopic equilibrium conditions
by carrying out Hendy tests (Hendy, 1971) at twelve different heights along the speleothem axis
(Appendix S3).

The Pentadactylos Cave showed insufficient active water seepage to sample during the fieldwork.
Therefore, nine seepage and water samples from nearby caves and springs were collected in December
2018 for §'80 and 8D measurements in hermetically sealed glass bottles. Isotope measurements were
performed at the Vrije Universiteit Brussel on a Picarro L2130-i analyzer using the cavity ring—down
spectroscopy (CRDS) technique (Van Geldern and Barth Johannes, 2012). All values are reported in
permil (%o) relative to Vienna standard mean ocean water (VSMOW). Analytical uncertainties (16) were
better than 1%o for 8D and 0.1%o for §'°0.

5.3. Fluid inclusions stable isotope (H-O) analyses

21 calcite samples, from 9 levels in Penta-1 and Penta-2 were measured using a custom-built extraction
line connected to a (Picarro L2130i) analyzer using cavity ring down spectroscopy (WS-CRDS). This
technique allows to simultaneously measure hydrogen and oxygen isotopes for minute water amounts
released from calcite. The extraction line follows the design of Affolter et al. (2014) and is described in
detail in WeiBlbach, 2020). In brief, the calcite samples were hydraulically crushed and the released fluid
inclusion water instantly vaporized in the heated extraction system and transferred to the analyzer.
Reference water injections with known §'®0 and 8D values were used for calibration and quality control.
ul-sized glass capillaries were used for high-precision water amount calibration (on the order of 10®]) and
isotopic control. The overall precision of fluid inclusion water analyses is 0.5%o for 'O and 1.5%o for
82H if fluid water amounts are 0.5-1pl and 0.25%o for 'O and 1%o for 82H for fluid water amounts >1ul
(WeiBlbach, 2020).

5.4. Clumped Isotopes

Clumped isotope measurements were performed on aliquots of the powder (>100 mg each) produced
during the fluid inclusion analysis of samples 7b, 6b, 4b and 3 (Table 2). The sample treatment follows
Weise and Kluge (2020). Calcite samples of ca. 3 mg were individually reacted with 105% phosphoric
acid (~1 ml / sample) in a stirred glass reaction vessel for 10 min at 90°C. The emerging CO, was
continuously collected with a liquid-N» cooled trap and subsequently cryogenically cleaned (separation of
volatile gases from this trap at liquid nitrogen temperature). Subsequently, water was separated from the
remaining gas using a dry-ice ethanol cooled glass trap. The water-free CO, gas was then passively
passed through silver wool and another trap filled with Porapak Q and held at -35 °C (transit time 33
min). The cleaned CO; gas was analyzed immediately or within a few hours.

Mass spectrometric measurements were performed on a Thermo Scientific MAT 253 Plus with a baseline
monitoring cup on m/z 47.5 and 10"Q resistors on m/z 47-49. The analysis protocol consisted of 8
acquisitions with 10 cycles each and an integration time for each cycle of 26 s. Each acquisition included
a peak center, background measurements and an automatic bellows pressure adjustment aimed at a 6 V



289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

signal at mass 44. The first acquisition additionally included a recording of the sample m/z 18 (water
vapor residual) and m/z 40 signal (Ar — indicator for air remainder). For each cycle the baseline signal on
m/z 47.5 was measured simultaneously to the actual sample and reference gas analysis on m/z 44-49. For
pressure-baseline (PBL) correction high-voltage peak scans were manually taken at the beginning and/or
end of a measurement run. The sample gas was measured against an in-house reference gas standard
(Oberlahnstein: §"°C = -4.42 %, VPDB, §'*0 = -9.79 %, VPDB). For establishing an absolute reference
frame and for interlaboratory comparability, we regularly analyzed community-wide distributed
carbonates (ETH1-4, Meckler et al., 2014), Carrara Marble and equilibrated gases (5°C, 25°C, 90°C).

All data were evaluated using a custom-written R script that includes an automatic PBL correction, taking
into account that the signal on m/z 47 is additionally influenced by a negative background potentially
induced by secondary electrons and broadening of the m/z 44 peak (He et al., 2012; Bernasconi et al.,
2013; Fiebig et al., 2015).The empirical transfer function (ETF) was determined based on PBL-corrected
A47 values and uses carbonate standards and equilibrated gases with agreed A4; values as reference
(Dennis et al., 2011). Updated isotope parameters following Daéron et al. (2016) were used for the
evaluation.

5.5. Data correction clumped isotopes and fluid inclusions

a) Clumped isotopes

Speleothem calcite isotopes may be influenced by disequilibrium effects. As; values are sensitive
recorders of kinetic or disequilibrium effects and can be used to assess its magnitude via the difference
from the equilibrium A4; value that is solely determined by temperature (Kluge and Affek, 2012).
Disequilibrium in A7 and "0 seems to be linked and leads to a co-variation that is at least consistent at
specific cave sites or experimental setups (Da&ron et al., 2011; Kluge et al., 2013). Deviations to smaller
A47 values and apparently too high temperatures indicate disequilibrium due to evolution of the mineral-
precipitating solution on top of the stalagmite (Hansen et al., 2019) related to prior carbonate precipitation
and/or CO; degassing (Guo, 2020). The knowledge of the disequilibrium in A4, thus, provides also the
disequilibrium in calcite "0 via the A47-6'*0 co-variation slope and allows for its correction (Appendix
S1), complementing thus Hendy tests (Daeron et al., 2011; Kluge and Affek, 2012; Kluge et al., 2013).
The A47-8"%0 correction as outlined in Kluge et al. (2013) for paleo-drip water 5'°0 determination is used
based on independent paleo-temperature estimates from Emeis et al. (2003) for the EM Sea surface and
scaled to the cave location. Together with the A47-6'%0 co-variation slope of -0.047 %d/%o of Kluge et al.
(2013), the observed disequilibrium in A47 is transferred into calcite §'*O offsets.

b) Fluid inclusion isotope ratios

Fluid inclusions are robust archives for paleowater and can be used to calculate the calcite formation
temperature from the fractionation "®gcaicite-waer. We determined the temperature from '*ecyicic-waer With the
kinetic-corrected calcite 'O (using As7; Supplementary S1) and the fluid inclusion §'°0, applying the
experimental calibration of Kim and O’Neil (1997) for "®&cacite-waeer. However, for some samples additional
effects need to be considered. Seasonal or temporary drying of the stalagmite surface can significantly
increase water 5'*0 and &°H values before full fluid inclusion close-off. The fluid 3'%0 value could
therefore be out of equilibrium with the surrounding calcite that was precipitated earlier from the non-
evaporated fluid. Evaporative influence becomes visible if isotope ratios significantly deviate from the
Meteoric Water Line (following an evaporation line towards higher 8'®0; WeiBbach, 2020;
Supplementary S3). We assessed the measured fluid inclusion §'®0 values for evaporative effects by
comparison with the Mediterranean Meteoric Water Line (MMWL). Note that the MMWL as reference
line for the infiltrating karst water may not be fully adequate during glacial periods. McGarry et al. (2004)
noted a shift towards the GWML in their fluid inclusion isotope study for some glacial samples. Some of
the glacial samples in our study are close to the GWML. Note, however, that the related "*ccaiciie-waer Of
those samples correspond to an unrealistically high nominal temperature (Table 4), indicating that effects
other than a shift in the meteoric water line (e.g., evaporation; Weillbach, 2020), may explain the
deviation from the MMWL. Thus, our approach of using the MMWL as reference is a first-order
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approach for separating fluid inclusions with likely undisturbed meteoric signal from samples influenced
by evaporation.

6- Results

6.1. Chronology

25 Uranium/Thorium ages were obtained from the stalagmite Penta-1 (Parts A and B) and Penta-2 (Part
C) (Table 1). The age distribution based on the COPRA age model indicates that the stalagmite Penta 2
grew from ca. 174.3 + 0.6 to 163.4 + 0.9 ka with a constantly decreasing growth rate (Fig 3). Penta-1
grew from 140.9 + 0.4 to 112.2 + 0.5 ka including two discontinuities. One noteworthy hiatus or period
with a much lower growth rate from 132.2 + 0.4 to 127.1 + 0.5, corresponds to discontinuity D2. The
discontinuity D1 covering the period 139.9 + 0.6 to 137.8 + 0.6 ka was not investigated further due to
stratigraphical disturbances between the 2 adjacent stalagmites. In the upper part of Penta-1 (Segment A),
dated between ~127 and ~112 ka, the age model, that was constructed with 8 ages (Fig. 3) displays two
distinct periods of relatively constant growth rates: an upper part from 40 mm to top with a lower growth
rate of less than 8 mm/ka and the part from 270 to 40 mm with a growth rate of 24 to 217 mm/ka. The
lower part of Penta-1 (segment B) covers from 140.9 + 0.5 ka to 132.2 + 0.4 up to the second
discontinuity D2. All ages in Penta-2 (segment C) are in good stratigraphic order and were used in the
calculation of the age model.
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Figure 3. Age model of the Pentadactylos record. Growth rate of the stalagmite is given next to the age model using COPRA
polynomial statistics model between two consecutive dates.

6.2. Stable isotopic composition of calcite

The 5'30 (=3.3%o0 to —9.2%o) and §"°C values (—4.2%o to —12.6%0) (Fig. 4) of the Pentadactylos stalagmite
roughly display distinct signatures corresponding to the three segments A, B and C as determined based
on the sedimentological profile with segments A (from ~110 to ~127 ka) and C (from ~163 to ~174 ka)
showing relatively lower §'*0 and §'°C values than segment B (from 132 ka to 141 ka). The overall
resolution of the isotope record is multi-annual (3 to 9 a/mm) to multi-decadal (15 to 60 a/mm), except for
the top most part (from ~122 to ~112 ka), which is at lower resolution (270 a/mm). Secondary centennial
negative 30 excursions of 2 to 3%, as for example at ~170 ka or ~165 ka (Fig. 4) are observed, mainly
in segment C, while 8"°C values are varying rather smoothly on a millennial scale without important
centennial excursions.
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The §"°C values generally co-vary, at millennial scale, with the 'O values. Growth rate generally vary
simultaneously with the §'*0 but especially with the §'°C values (Fig. 4). A high growth rate generally
corresponds to more negative 8'*0 and §'°C values. Noteworthy are the two growth rate peaks at ~126
and ~123 ka occurring together with more negative '*C values. After ~122 ka, the growth rate decreases
drastically to the top of segment A coeval with a slowly increasing trend in §'30 and §"°C values.

Hendy tests (Hendy, 1971) performed along twelve different growth layers show a variation of less than
0.5%o for 8'30 values and not more than 1%o for "°C values, without clear covariation (Appendix S3). A
potential exception could be the samples at 3 cm and 33 cm from top. Thus, kinetic isotope effect cannot
be completely excluded but likely have not overprinted important isotopic changes (cf. section 4.4).
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Figure 4. 6’80 and 5"3C profiles of micro-drilled samples along the growth axis of Pentadactylos Cave stalagmite (Cyprus)
reported with their radiometric age. The original isotopic data are presented with their moving average (black line) to clearly
show the general trend in isotopic variations from 163 to 174 ka (Penta-2) and from 112 to 141 ka (Penta-1). The period from
138 to 140 ka is not displayed as no isotopic measurements were made for this period. The isotopic changes are displayed
relative to V-PDB (Vienna Pee Dee belemnite) together with growth rate (mm/a) and stalagmite diameter (mm). The modern
680 and 63 C values represent calcite samples retrieved under active seepage water from the cave. Blue arrows show wet phases
and yellow arrows refer to dry phases.

6.3. Stable isotopic composition of modern water and calcite fluid inclusions

The average fluid inclusion value is -4.9%o for §'*0y and -26.5%0 for 6°H,. Replicate analysis shows
consistent results at each level, except for the Penta 1-1 samples (56.1 cm from top, 140.9 ka). During
MIS6e, 880, varies between ~-6.0%0 and -1.5%o, with least negative values at the end of MIS6 (140.9
ka). At 137.1 ka, more negative values are set around -4.0%o, leading up to the most negative values
during MIS5e: -4.8%o at 127.0 ka and reaching -8.6%o at 126.7 ka and -6.8%o at 125.6 ka. The 8’H., values
vary between -12 %o and -30 %o during MIS6 and TII, whereas 8*H,, values shift to ~-45.0 %o at ~126 ka
(Table 2). On a comparative basis, present cave and spring water were sampled in December 2018 along
the Kyrenian mountain range with -6.6%o for 5'*0,, and -32.9%o for 8*H. There is a general trend towards
more negative 3'®0y in spring and drip water with increasing altitude from the northern coast to the
Kyrenia summits. From the 21 fluid inclusions samples measured, 4 results are considered outliers. Fi-
Pental_1c; Fi_Pental_3b and Fi_Pental_8a gave insufficient water (below 0.3ul/g; Table 2) for reliable
analysis. Fi-Pental_1la is related to calcite that was taken at the outer flank of the stalagmite and may
therefore be biased due to evaporative enrichment along the flow path.

Table 2. Pentadactylos fluid inclusions samples in chronological order (old to young) in comparison with modern cave drip and
spring water (bottom table). Measurements with an (*) are considered outliers.
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Sample ID cm/top U-Th age °’Hy loerror &0y 1lcerror volume mass Water amount

(ka) [%el [%el [%el [%ol [nl] [e] [ul/g]
Fluid inclusions
F1_Penta2_2a 17.5 174.5 -24.39 1.5 -5.43 0.5 226 041 5.52
F1_Penta2_2b -26.14 1.5 -5.46 0.5 0.83 041 2.02
F1_Penta2_2t -27.10 1.5 -591 0.5 1.14  0.30 3.79
F1_Penta2_4a 10 170.4 -29.81 1.5 -5.97 0.5 0.74 031 2.37
F1_Penta2_4b -27.61 1.5 -5.67 0.5 126 034 3.70
F1_Penta2_5a 1 163.9 -16.88 1.5 -3.72 0.5 145 030 4.84
F1_Penta2_5b -17.12 1.5 -3.86 0.5 0.84 0.24 3.48
F1_Pental_Ic* 56.1 140.9 -19.74 1.5 -3.77 0.5 023  0.30 0.78
F1_Pental_la* -20.57 1.5 -6.19 0.5 0.77 054 1.43
F1_Pental_1b -12.64 1.5 -1.79 0.5 0.78 048 1.62
F1_Pental_1d -11.36 1.5 -1.61 0.5 0.69 047 1.46
F1_Pental_1t -20.94 1.5 -4.02 0.5 043 030 1.42
F1_Pental_6a 40.5 137.1 -20.54 1.5 -3.60 0.5 0.31 0.28 1.11
F1_Pental_6b -21.39 1.5 -4.50 0.5 0.68  0.50 1.37
F1_Pental_9a 27.2 126.9 -2543 1.5 -4.83 0.5 0.65 031 2.11
F1_Pental_9c -24.59 1.5 -4.78 0.5 0.77 030 2.57
F1_Pental_7b 26 126.7 -45.45 1.5 -9.04 0.5 0.64 0.30 2.12
F1_Pental_7d -38.86 1.5 -8.29 0.5 0.58 0.33 1.75
F1_Pental_3b* 14 125.6 -48.47 1.5 -4.86 0.5 0.17  0.31 0.55
F1_Pental_3t -43.91 1.5 -6.81 0.5 0.31 0.31 1.00
F1_Pental_8a* 3 117 -43.99 1.5 -4.32 0.5 027 032 0.84
Modern cave & spring waters altitude (m asl)
Smoky cave (mix pool & drip) 756 -20.29 1 -5.24 0.1
Hot cave_1 (drip) 611 -36.49 1 -7.31 0.1
Hot cave_2 (drip) 611 -39.51 1 -7.58 0.1
Kalga spring 505 -33.97 1 -6.67 0.1
Karagaac spring 289 -32.52 1 -6.51 0.1
K.Evenkous spring -35.30 1 -7.08 0.1
Lepta spring (in-situ) 91 -34.77 1 -6.66 0.1
Sulfur spring 25 -27.77 1 -5.28 0.1

6.4. Clumped isotopes

Clumped isotope analysis of the four samples yielded apparent temperatures of 24-29°C (using the A47-T
relationship of Kluge et al., 2015) that are well above the current cave temperature of 15°C (Table 3),
suggesting significant kinetic effects. Offsets of A4;-related temperatures of 10-15°C are within the range
of previous studies (e.g., Daéron et al., 2011; Kluge and Affek, 2012; Kluge et al., 2013; Affek et al.,
2014). Following the method outlined in section 5.5, the correction for the kinetic contribution is
completed with an effect on the calcite 5'30 value of +0.4-0.9 %o. The kinetic correction of the calcite
580 value is relatively insensitive to the cave paleo-temperature estimates. A deviation of 3°C would
change the kinetic §'*0 correction by a maximum of 0.2%e.

Drip water 5'%0 values that are related to the formation of the corresponding growth layer were calculated
from the corrected calcite 3'*0 and an independent temperature estimate. These were scaled to cave
temperatures from Sea Surface temperature (SST) of Emeis et al., (2003): 14, 9, 13 and 16.7°C for 126.7,
137, 170.4, and 125.6 ka, respectively. The reconstructed water 3'°0 values range from -6.6 to -9.4 %o
(Table 3) using the oxygen isotope fractionation factor of Kim and O’Neil (1997). These values are
similar or more negative than the modern dripwater values (Table 2).

6.5 Paleotemperatures

Paleotemperature calculation is based on the fractionation 'ecuiciie waer Using the kinetic-corrected calcite
880 (using As7) and the fluid inclusion 8'®0 (section 5.5 and Appendix S1). "®ecacite-water is then converted
into temperature applying the experimental calibration of Kim and O’Neil (1997). Calculated
temperatures from "*gcacite-waer range from 14.7 + 2.7°C to 30.6 +2.7°C (Table 3). Warmest temperatures
are obtained for ~170 ka and ~126 ka, while coldest values are obtained for ~127-141 ka. In contrast to
mid- and high latitudes, inclusion §'*0,, and 8Dy, cannot be used for direct temperature calculation in the
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Mediterranean due to an inconsistent or only weak relationship of mean annual rainfall §'*0 and
temperature.

Table 3: Pentadactylos clumped isotope samples in chronological order (old to young). Calcite powder was retrieved from the
remaining powder of the fluid inclusion analysis. The apparent T is based on the A47-T calibration of Kluge et al. (2015). n refers
to the number of replicates measured per sample. 4b refers to Penta 2, 6b,7b and 3 to Penta 1. The paleotemperature related to
each sample was calculated based on "gcaicireuia following Kim and O’Neil (1997), including corrections for kinetics based on
the clumped isotope (see section 5.5 and appendix S1). Uncertainties are based on analytical uncertainties (6'3C, §'30, A47) or
Gaussian error propagation (calculated dripwater 6’30 and reconstructed paleotemperature).

Sample cm from U/Th age 6*Ccc (%0) 8'80cc A47 (%0) Apparent  Calc T (°C) from n
ID  top (ka) (%0) A47-T °C) 88Oarip (%0)  Bgealcite-water
4b 10 - Penta 2 1704 -7.1£0.1 -7.7+0.1 0.700 £0.007 24 +2 -8.5+03 255+28 3
6b 40.5-Pental 137.1 718 +0.02 -4.68+0.04 0.701+0.011 235+4 -6.6+04 17.2+27 2
7b 26 - Penta 1 126.7 -95+0.1 -8.5+0.1 0.686 £0.017 296 94+05 14724 3
3 14 - Penta 1 1256 -10.67+£0.03 -8.6+0.2 0.699 +0.004 24 +1 -84+03 Offset from 3
MMWL

7- Discussion

7.1. Age model

COPRA succeeded to produce a coherent age model, although in total seven points out of twenty-five
were considered as outliers. A few minor age inversions in growth phases with porous stalagmite parts
(Table 1) may be explained by a minor degree of open system behavior. In contrast, there are no
indications of detrital Th. Petrographical observation shows that section B (base of Penta 1) is the most
porous part of the whole record and where most of the age inversions occurs (Fig. 2). Porous calcite
structures are known to be subject of U-Th open-system behavior (Richards and Dorale, 2003; Borsato et
al., 2005) via dissolution and recrystallization processes of the primary carbonate (Frisia, 2015),
remobilization, or post-depositional filling of pores (Schwarcz, 1989), resulting in out-of-sequence ages
Dating points Pentad-2, -5, -14 and Pentad-18 were therefore excluded from the age model. Pentad-19
and 17 are closest to the D2 and D1 respectively, showing stratigraphic perturbations with porous
structures and were therefore discarded.

The age model reveals a rather continuous speleothem deposition with two hiatuses in agreement with the
observed discontinuities. Two growth stops are noted from ~163 to ~141 ka and from ~132 to ~128 ka.
The first growth stop covering the mid-to late penultimate glacial, although consistent generally with a
dry period, corresponds to a time gap between the two adjacent stalagmites Penta 1 and Penta-2. The stop
in growth may be related to a real climatic deterioration or to a local perturbation in the water routing
finally leading to the deposition of the second stalagmite adjacent to the first one. Without replication by a
second stalagmite to confirm the cause for this growth stop, one must remain cautious on the possible
reasons for this growth interruption. The second growth stop in Penta-1 stalagmite, from ~132 to ~128 ka,
corresponds to the discontinuity D2 and is considered as hiatus or period with a much lower growth rate.
The discontinuity D1 from 139 to 137 ka is clearly due to the stratigraphical disturbances of the interface
between the 2 adjacent stalagmites and is therefore not considered as a hiatus.

7.2. General climatic conditions of the last Glacial/Interglacial cycle in Cyprus

The isotope values of both stalagmites (Fig. 5) roughly suggest three ‘climate-related regimes: i) less
negative 8"°C (~-8%¢) and negative 5'®0 values (~-8%o0) during the early-penultimate Glaciation (with
exception for 173-170 ka and after 165 ka), ii) comparatively less negative 8"*C (~-6%0) and §'30 values
(~-5%¢) during the late-penultimate Glaciation and iii) negative 8"°C (~-11%0) and 80 values (~-8%o)
during the last interglacial period.

During the early-penultimate Glacial, despite large §'*0 variations (~-9.0%0 to ~-5.0%0), 8'°C values
remained almost constant around -8%o (Fig.6), suggesting a Mediterranean vegetation of C3 mixed with
C4 type, or the dominance of a C3 type vegetation under water stress due to colder temperatures and/or
reduced rainfall as previously suggested for speleothems growth during glacial cycles (Bar-Matthews et
al., 2019). However, the quite negative 5'O values (avg. -8%o) suggest rather wet conditions, supported
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by a higher growth rate at the onset of Penta-2 growth. The stalagmite grew continuously until 163 ka,
with sufficiently humid conditions to maintain drip water flow in the epikarst zone. After 165 ka, growth
rate and stalagmite diameter decreased drastically along with less negative 8'°C and &'®O values,
indicating unfavourable conditions for calcite precipitation. Therefore, the Early-MIS 6 glacial conditions
seemed unstable but less severe in Cyprus than the full glacial conditions of the MIS 3/4 period in the
Levant (Bar-Matthews et al., 2003; 2019). Speleothem studies from the Soreq, Peqiin, Tzavoa, and
Jerusalem Caves and recently form Kanaan cave, Lebanon (Nehme et al., 2018) demonstrated that the
climate dynamics from early-penultimate glacial in the EM were unstable with large §'80 variations.
Continuous millennial-scale variabilities extended to the mid-penultimate Glacial and were attributed to
D-O like events (Barker et el., 2009) (Fig.6). Climate conditions were relatively cold during the MIS6e,
but more humid than the last glacial MIS 3 (Ayalon et al., 2002; Bar-Matthews et al., 2003; Vaks et al.,
2006). These findings contradict with those of Cheddadi and Rossignol-Strick (1995), who argued that
conditions in the EM during early MIS 6 were very cold and arid, with precipitation below 200 mm,
similar to the last two glacial maxima (MIS 4 and 2).
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Figure 5. cross plot of the stable isotope values from Pentadactylos Cave covering the early-MIS 6, the late—MIS 6-TII, the MIS
Se (Eemian), the glacial Inception and modern (late-Holocene) periods. VPDB, Vienna Pee Dee belemnite.

From 141 to 134 ka, 8'®0 and §"C values reached the most positive values (Fig. 5) for the entire
Pentadactylos record. The average 5'°C value of -6%o is close to values reached in Soreq and Peqiin caves
during the last glacial, with calculated cold temperature of 14-16°C throughout the MIS 4-2 (Affek et al.,
2008). Less negative 8'°C in Pentadactylos, potentially caused by a decrease in soil CO, concentration, is
accompanied by a lower growth rate suggesting lower rainfall amounts or colder temperatures. Similar
conditions are noted in the Southern Levant with similar cold and arid climatic conditions in Soreq,
Peqiin and Jerusalem records even though with a continuous speleothem growth throughout the entire TII.
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Figure 6. Marine and global records from 110 to 176 ka excluding the period from 142 to 162 ka (white column) and compared
to the Pentadactylos 6'50 profile (this study). Marine and global records comprise 5'80 Greenland ice core (NGRIP, 2004 ;
NEEM, 2013) with the synthetic 6'0 record (Barker et al., 2010), Sambao-Dongge 6'80 profile in central China (Wang et al.,
2008, Cheng et al., 2016), SST (°C) in ODP 977 marine core (Martrat et al. 2004, 2014), §'0g.rup in LC21 marine core (Grant et
al., 2012, 2016) and Mediterranean 5'80q.ru» stack (Wang et al., 2010), Sapropels S6 and S5 (Ziegler et al., 2010) and the July
insolation at 30° N (Berger and Loutre, 1991).

The climate conditions during the last Interglacial in Cyprus mark a return to warm and wet conditions
with negative 8'*0 (-8%0) and 8"*C (-11%o) values starting from ~128 ka (Fig. 6) and supported by the
highest growth rates (217 mm/ka) related to a high effective and sustained infiltration in the epikarst. The
8"3C values of ~ —11%o indicate a significant contribution of soil biogenic CO» and thus relatively humid
(temperate to warm) conditions. Wet and warm climate conditions were recorded in most of the
speleothems of that time period in the Levant basin (Frumkin et al., 2000: Bar-Matthews et al., 2003,
Nehme et al., 2015). However, some discrepancies attributed to local and/or regional conditions arise
between the records and will be discussed hereafter in section 7.3.

7.3. Climate and &'*0 dynamics from the Pentadactylos record

The penultimate glacial MIS6 conditions, in Cyprus: regional vs local conditions

Between 185 and 135 ka BP, "0 values vary between ~ -8%¢ and ~-3%o in the Pentadactylos record
while 8"°C remains fairly constant between ~ -8%¢ and ~ -6%o up to ~165 kaAt 175.6 ka, 5'°0 values
reached -8.8%o (Fig. 7A) with a moderate growth rate (57 mm/ka), a large stalagmite diameter and the
most negative 8"°C signal (~-9.6%0) of MIS 6, in phase with the maximum 30°N June insolation peak
(Berger and Loutre, 1991) and a high SST stand (Martrat et al., 2014) (Fig.6). The onset of Penta 2
growth suggests favorable conditions for speleothem growth with active effective recharge, higher drip
rate and sufficient contribution of soil biogenic CO,. Similar conditions are noted in Soreq with more
negative 5'°0 values from 177 to 174.5 ka (Ayalon et al., 2002). An arboreal pollen (AP%) peak in the
Ioannina Basin (Greece) (Roucoux et al., 2011), further supports basin-wide wet conditions (Fig.7A).
From 174 to 171 ka, Pentadactylos shows a positive shift in 5'30 values for ~4 ka, indicating a brief
return to drier conditions, coinciding with a positive §'*0 shift at ~174 ka in the Soreq record, albeit
longer (3 ka in Penta record vs 8 ka in Soreq record) than in Pentadactylos. From ~170 - 165 ka, a more

14



532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

negative 3'*0 value corresponds to the maximum 30° June insolation. It occurs together with a moderate
growth rate (19 mm/ka) and is in phase with a gradual increase in the AP% in the loannina Basin
(Greece). In the southern Levant, the Soreq record displays negative §'*0 values at ~166 ka, slightly later
than in Cyprus or Greece. On larger and hemispheric scale, the negative Pentadactylos §'*0 values fall
within the large wet intervals identified in Argentarola, Italy (Bard et al., 2002) and Sanbao, China (Wang
et al., 2008) (Fig.7A).

The MIS6e period was known in the EM to be cold and wet (Emeis et al., 2003), during which Sapropel
layer S6 is deposited from 178.5 to 165.5 ka (Ziegler et al., 2010). The driver of negative 5'*O values in
speleothems would be ascribed to the Mediterranean depleted water source but also to some extent, to
enhanced pluvial conditions (amount affect) on land as shown in pollen assemblages in Mediterranean
marine records (Cheddadi and Rossignol-Strick, 1995) as well as in the loaninna (Roucoux et al., 2011),
Greece and Van records (Litt et al., 2014) in North-Eastern Turkey (Fig 7A). An alternative explanation
of negative §'®0 values only by temperature changes is rather unlikely, as the observed changes of
approximately 2.5%o at the wet peaks would require a change in temperature of 10-12.5°C, which seems
unreasonably high.

Minor discrepancies between the 'O signal in Pentadactylos and other speleothems in the Levant,
especially for the 170-165 ka period, lays probably in the local pluvial conditions, which were more
intense in the Kyrenia mountains and comparable to pluvial conditions at the Ioannina and Tenaghi-
Philippon basins. The persistent and negative §'°C values from ~175 to 165 ka in Cyprus indicate
however a continuous but moderate contribution of soil biogenic CO,. Speleothem records from the
Levant coast (e.g. Soreq, Peqiin, Kanaan) located at lower altitude (<600 m asl) showed §'*C values more
negative than -8%o for the same period. The §'°C values exceeding -8%o in Pentadactylos record can be
ascribed to the cave watershed altitude (>800 m asl) showing the altitudinal gradient effect on 8"*Ceatcite
(Johnston et al., 2015). After 165.7 ka, a significant change in oxygen and carbon values, growth rate (5
mm/ka) and stalagmite diameter point towards unfavorable growth conditions until a growth stop at 163
ka along with a clear deterioration of the vegetation cover.
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Figure 7. Paleoclimate records for the penultimate glacial in the Mediterranean basin. A) comparison of the paleoclimate
records between 150 and 180 ka showing the Pentadactylos record from 163 to 175 ka (this study) and the U/Th ages with 2¢
uncertainty, D-O like events from the Gl.synthetic record (Barker et al., 2009), SST (°C) in ODP 977 marine core (Martrat et al.,
2014) the July insolation at 30° N (Berger and Loutre, 1991), 6’30 profile of Argentarola speleothem (Bard et al., 2002), the
arboreal pollen (AP) % in the lonnina basin (Roucoux et al., 2011), Kanaan 5'0 profile (Nehme et al., 2018), Sapropel S6
(Ziegler et al., 2010) and Soreq 680 profile (Ayalon et al., 2002; Bar-Matthews et al., 2019). Orange rectangles indicate the
Chinese interstadials. B) Comparison of the paleoclimate records between 150 and 130 ka showing the Pentadactylos record
Sfrom 141 to 132 ka (this study) and the U/Th ages with 2¢ uncertainty, TCU (Regattieri et al., 2014) and Corchia (Drysdale et
al., 2004, 2009) 5'80 profile, Soreq 5’30 profile (Ayalon et al., 2002; Bar-Maithews et al., 2019), SST (°C) in ODP 977 marine
core (Martrat et al., 2014) and 5'3O0g.ru» in LC21 marine core (Grant et al., 2012). Blue arrows show wetting phase and yellow
arrows refer to dry phases.

The late-penultimate glacial in the Pentadactylos record (Penta 1) includes the period from 141.01 + 0.56
to 132.25 + 0.44 ka and part of the Termination (TII), marked by the most less negative 50 (avg: -
4.6%0) and 8"*C (avg: -7.0%o) values of the entire record (Fig. 6). Overall, climatic conditions were colder
(Table 4) and drier than during the early-penultimate period and the record shows a relatively stable
maximum glacial state (Fig. 7B). A high growth rate (123 mm/ka) suggests however favorable humid
conditions at that time marking a short shift to more effective recharge with the reactivation of calcite
growth in Pentadactylos after a long hiatus from 163 to 141 ka. Noteworthy is also the good agreement of
Pentadactylos §'®0 with the small negative 30 offset in Soreq at ~140 ka. Nonetheless, mild climate
conditions prevailed after 140 ka, with lower growth rate (18 mm/ka) and low contribution of soil
biogenic CO» in Pentadactylos (i.e., less negative 3'*C), marking therefore a drier period consistent with
an SST lower than 15°C (Martrat et al., 2004) in the Mediterranean Sea and low insolation (Fig. 6).
Inland speleothem records show similar climatic trends with less negative §'*0 and §'*C in TCU, Corchia
(Italy) and the Soreq record (Southern Levant).

After 136 ka, two 'O negative excursion centered at 134.5 ka and 132.5 ka are noted in the

Pentadactylos record. Although the signal at 134.5 ka is not observed or resolved in other records (Fig.
7B), the 3'°0 negative peak centered at 132.5 ka agrees within uncertainty with a clear 8"*Og wber shift in

16



590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640

LC21 EM marine record (tuned with Soreq chronology) and is concordant with §'*0 negative shift in
TCU (Regattieri et al., 2014) and Corchia records. This 8'®Oguber negative shift in the Mediterranean
basin, prior to the onset of Sapropel S5 (128-120 ka) (Ziegler et al., 2010) has been related to freshwater
input to the Mediterranean basin (Rodriguez-Sanz et al., 2017), derived from the North Atlantic source
and combined with meltwater discharge from the surrounding mountain ranges (Grant et al., 2016). A
source-water control on 8'*Ospeleomem in southern Italy by the North Atlantic freshwater was also confirmed
by Marino et al., (2015) and Tzedakis et al., (2018) for the 135-130 ka period. The 80 negative
excursions at 134.5 ka and 132.5 ka in Pentadactylos is therefore potentially unrelated to changes in
precipitation in Cyprus. At the contrary, a hiatus linked to D2 occurring from 132 to ~128 ka indicates
less favourable conditions for speleothem deposition. This period of non-growth is in agreement with the
period of lower SST values in the W. Med. marine record and with a positive 5'*0 excursion in the TCU
(Regattieri et al., 2014) and Dim (Rowe et al., 2020) speleothem record, attributed to a C28 cold event
(Oppo et al., 2001) at ~129 ka. Indeed, the non-growth period in the Cypriot speleothem falls within the
Heinrich 11 (Heinrich, 1988; McManus et al., 1998), suggesting general cold/dry climate conditions
concordant with reduced moisture over the Mediterranean basin.

The G/IG shift in Northern Levant

The last G/IG shift in the EM basin is well-studied in the marine cores as well as in continental records in
the southern Levant. In the EM basin, marine E‘)“‘Og,mber curves (Emeis et al., 2003; Kallel et al., 2000,
Rohling et al., 2002; Grant et al., 2012, 2016) display a well-defined orbital modulation of G/IG MIS
cycles. Although the marine record follows the global pattern, the §'®Oguer is characterized by larger
variations, reaching up to 4.5%o for the MIS6/5 transition. This large shift reflects the amplification of
climate change effects in the EM, due to the contribution of significant inflow of '®O-depleted water
during the Sapropel S5 event (128-121 ka ; Ziegler et al., 2010), together with enhanced pluvial
conditions in the entire EM basin (Kallel et al., 2000). The effect of the source-water control on 8'®Oacic,
was largely demonstrated in Southern Levant speleothems for the last G/IG cycle (Bar-Matthews et al.,
2019).

The MIS6/5 transition is prominently recorded as a ~5.7%o shift affecting 8'"*Ocacice in the Pentadactylos
record. This shift is close to Peqgiin and Soreq oxygen shifts (5.5 and 5.7%o respectively) and larger than
the amplitude of the §'®Ogber change (source) of the Mediterranean Sea water (Grant et al., 2012) for the
last G/IG cycle (Fig. 6). Both Levant and Cypriot speleothem records show a common source of moisture
mostly coming from the Mediterranean Levant at the LIG onset. However, the last G/IG amplitude shift
in continental records, mostly accounting for the source effect, embed other factors controlling the shift in
the 8" Ocalcite, such as temperature change, rainfall amount, sea-land distance and sea-level. If the seawater
SlgOg.rub shift (4.5%0) accounts for the source effect (Grant et al., 2012) for the MIS 6/5 transition, the
remaining 1.2%o difference would be ascribed for temperature and rainfall amount change in the §"*Ocacite
signal of Pentadactylos (Table 4).

The wet and warm Eemian in Cyrpus

The last interglacial in the Pentadactylos stalagmite is recorded at high-resolution from ~127 to ~123 ka.
The stalagmite re-started its growth at 127.1 + 0.5 ka when interglacial conditions were fully attained at
the maximum insolation during the Eemian (LIG) period (Fig. 8). A clear negative shift in both §'*0 (avg.
-8.03%0) and 8"°C (avg. -10.6%0) curves seems to show a clear vegetation recovery of C3 type with a high
contribution of soil biogenic CO;, combined with enhanced pluvial conditions enough to reactivate
effective recharge in a high-altitude epikarst basin (1000 m asl) and to induce the onset of calcite
precipitation (growth 24 to 217 mm/ka). The Pentadactylos record shows the highest growth rate (217
mm/ka) at ~126-125 ka. From ~127 to ~123 ka, the record seems to show stable conditions with both
negative 8'°C and §'*0 isotope values and high growth rate, indicating favorable warm and wet conditions
for speleothem growth, together with developed vegetation cover along the Kyrenia range (Fig. 4).

On the regional scale, these warm and wet conditions in the Kyrenia range fall within longer wet/warm
periods identified in the Yammouneh lake record (Develle et al., 2011), the lake Van lacustrine sequence

17



641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685

(Litt et al., 2014), the pollen lacustrine record in southeastern Greece and in Soreq, Peqiin (Ayalon et al.,
2002; Bar-Matthews et al., 2003) and Kanaan speleothem records along the Levant coast. The pollen
records in the EM basin shows a sharp arboreal pollen increase at the onset of Interglacial Se (Fig. 8) in
agreement with a negative shift in the 5"°C signal of Pentadactylos record. The §'*0 negative shift is also
synchronous, within uncertainty, with the Tenaghi-Philipon (Tzedakis et al., 2003, 2009) and Ioaninna
pollen records (Roucoux et al., 2011) in Greece, albeit less clear with lake Van, located further East. The
particular increase of Sclerophylls pollen in the Greek record, characteristic of Mediterranean woodlands
and scrub, indicate a clear regional response to a climate wetting and warming phase.

At ~124-123 ka, a sharp drop in the 5'"*C signal lasted 1 ka and coincides with slightly less negative §'*0
values (Fig. 8). This early change in the stable isotope signal could be a response to enhanced seasonality
or a modification in moisture source or an early climate deterioration signal with a lower precipitation
amount above the Levant basin. This period with low humidity is imprinted in pollen records with a drop
in AP % in the Tenaghi-Philippon and Van basins (Fig. 8) at the same time interval, implying thus a
regional response to an early climate deterioration.

The Glacial inception in Cyprus vs regional records

The moderate change after 123 ka, with only slightly less negative §'°0 and 5"°C values contrasts with
most other speleothem records (Fig.8). Speleothem records along the Levant coast shows drastically less
negative 'O values after 123 ka, and was interpreted as i) a change towards drier conditions at the onset
of the glacial inception period and a reduced contribution of the direct Mediterranean moisture source
(Ayalon et al., 2002; Bar-Matthews et al., 2003; Nehme et al., 2015) over the central Levant coast or ii)
changes in atmospheric circulation pattern (Kolodny et al., 2005; Lisker et al., 2010). The Kanaan
isotopic trend, follows within larger chronological uncertainty the sharp §'*0 drop of Soreq and Pegiin
records, reaching significantly less negative values (~4%o) at 122 ka, while the oxygen isotope signal in
Cyprus maintains relatively constant negative values after 123 ka, approximately close to ~-7%o until 110
ka (Fig 8). This clear difference in the stable isotope curves after 123 ka indicate that the Pentadactylos
record is closer in amplitude and trend with Corchia and TCU records in northern Italy than the Levant
records (Fig 8) when entering the glacial inception.

At the LIG demise, the Pentadactylos record suggests less favourable conditions of growth (8 to 2 mm/
ka) and less effective recharge as seen in the drastic growth rate drop after 123 ka (Fig.4). Drier or colder
climate conditions might have prevailed from 123 to 110 ka. However, the isotopic values trend in
Pentadactylos show a less clear change. Indeed, even if a reduction in the rainfall amount is considered
after 123 ka, the 5'80 trend in Cyprus exhibits a clear offset (Fig. 8) from the §'®O.u (source) of the
Mediterranean Sea water (Grant et al., 2016), and does not mimic the §'®0 signal of the Levant
speleothems, which are mostly source-driven. Pluvial conditions might have been maintained at the LIG
demise as shown in the low 8'®0 signal by possible distal moisture sources (e.g. North Atlantic), as
proposed in studies on rainfall trajectories in the EM realm (Aouad-Rizk et al., 2005; Argiriou and
Lykoutis, 2005), with a longer trajectory bringing rainfall with a lighter isotopic signal over the island and
extensively over the Northern Levant basin. If the hydrological change at the LIG demise (the glacial
inception) between Cyprus and the Levant coast holds true, then the northern Levant basin would be more
open to distal and northern rainfall sources under a strong NAO index as noted in the large-scale A§'®O.
variability of the Yammouneh record (Northern Lebanon) during glacial intervals (Gasse et al., 2014) as
well as in the Jeita record during the LGM period (Cheng et al., 2015).
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Figure 8. Paleoclimate records for the penultimate glacial and last Interglacial records in the Mediterranean basin. Continental
paleoclimate records from 110 to 134 ka showing TCU and Crochia §'80 profile (Regattieri et al., 2014; Drysdale et al., 2004,
2009) in northern lItaly and Campanet 6'0 profile in Mallorca (Dimitriu et al., 2018), Dim §'0 and 6'3C profile, Turkey (Rowe
et al., 2020), Peqiin and Soreq 680 and 6°C profile (Ayalon et al., 2002, Bar-Matthews et al., 2003), Kanaan 6’0 and §'3C
profile (Nehme et al., 2018), the arboreal pollen (AP) % in Van lake (Litt et al., 2014) and Tenaghi-Philippon (Tzedakis et al.,
2004, 2009) and particularly the Mediterranean Sclerophylls pollen in the lonnina (Tzedakis et al., 2003).

7.4. Estimates of past temperature and rainfall shifts from MIS 6 to MIS 5

Interpretation of fluid inclusion 5D and 5'0

The changes in fluid inclusion 8D and §'80 along the current meteoric waterline with time (Fig. 9) are
likely caused by the interplay of three main factors: i) amount effect, ii) source effect and iii) evaporation
on the stalagmite top prior to final fluid inclusion close-off. Focusing first on i), the influence of the
rainfall amount is exemplified by the most negative D and §'®0 values at 126.3 and 125.6 ka. This time
period has been found to be very wet in the EM (Bar-Matthews et al., 2003; McGarry et al., 2004)
pointing towards amount-effect driven changes in the dripwater signal, which results in most negative
isotope values in both the Pentadactylos and the Soreq/Pequin/Ma’ale Efrayim data set. Note that the
difference of last Interglacial 5'O values relative to modern drip water 80 is comparable for
Pentadactylos and Israel (up to -2 %o).
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Figure 9. 630 and 5°H values of 17 fluid inclusion samples from Pentadactylos stalagmite along with present-day dripwater and
stream samples (this study) from the Kyrenia Range and rain water (IAEA/WMO, 2019) plotted on the MMWL (Gat et al., 2003)
and GMWL (Rozanski et al., 1993).

Positive §'%0 offsets from the MMWL/GMWL and less negative 8D values compared to today, may
indicate an influence of evaporation processes. The most positive D and §'*O values, with significant
offsets from the MMWL or GMWL (Fi-1) suggests an evaporative enrichment in soil and epikarst (Vaks
et al., 2003) or significant inner-cave evaporation, both processes taking place preferentially during dry
periods. The shifts observed in fluid inclusion 5'®0 are up to +6 %o relative to modern cave and spring
water 80 (Table 2) and by far exceed those from equivalent records from Israel for the same time
periods (maximum shift: +2 %o; McGarry et al., 2004). There, glacial samples provided less negative fluid
inclusion 'O values, closer to the GWML and reflecting a reduced d-excess that may indicate a higher
relative humidity. The 8'®0 values of McGarry et al. (2004) were calculated from measured fluid
inclusion 8D and therefore do not reflect the typically strong evaporation effect on §'*0. This can explain
the difference to our data set where the positive shift in the measured §'*0 values away from the MMWL
cannot solely be explained by a change in the water source isotope values, but also requires an
evaporative component (Appendix S3).

Although the amount effect seems to have had a significant influence on the Pentadactylos fluid inclusion
"0, a determination of paleotemperatures, based on the temperature dependence of the fractionation "o
between drip water and calcite is attempted. The temperature dependence of '®a(CaCO;-H:0) is known
from laboratory experiments or empirical studies and can be used as thermometer. Calculations using the
measured fluid inclusion 80 and surrounding calcite 'O values lead to reasonable temperatures in the
range between 14 and 30°C with typical uncertainties of 1-4°C (Fig. 10). However, calculated
temperatures for 140 and 160-175 ka appear to be unreasonable, being similar or higher than Interglacial
values. An increased influence of evaporative effects during glacial periods as explained previously, may
be a likely explanation for this discrepancy. As demonstrated by Verheyden et al. (2008c), low drip rates
enable evaporation in caves with increased 8'*0 and 8"C of the subsequent deposited calcite. Moreover,
comparing the e-based temperatures with SSTs (Fig.10) shows that the most reliable reconstructed
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temperatures correspond to known wet periods with the lowest speleothems &'®0 values. Therefore, our
estimate for the G-IG temperature shift has to be seen as a minimum estimate, with interglacial
temperatures close to current values and larger deviations for the glacial samples.

Regional comparison of G-1G temperature shifts
Besides the G-IG temperature shift derived from calcite and fluid inclusion §'®0, the difference in
apparent temperature derived from clumped isotopes, also yields a minimum temperature shift of ca.9°C
which is of the same order as from the "®&cacice-waer €stimate but smaller than independent estimates from
Villars cave speleothems, SW France (Wainer et al., 2011). The authors indicate a shift of 14 + 2.7° C for
the MIS 6 - MIS 5e transition. Noble gas fluid inclusion analyses from a western Germany stalagmite
yield 9 £ 5°C (lo) as a lower bound for temperature rise across TII (Scholz et al., 2009). Other
reconstructed temperature data, such as from pollen records from Monticchio Maar in Italy indicate a
similar shift with a maximum amplitude of 12°C between the end of MIS 6 and the Last Interglacial
optimum (Allen and Huntley, 2009).
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Figure 10. Paleotemperatures based on the fractionation 'Sa(CaCO3-H20) from fluid inclusion values (in blue) before 130 ka
with the apparent T from clumped isotopes analysis (grey squares) based on the A47-T calibration of Kluge et al. (2015).
Temperatures are plotted against the present-day cave temperature and the SST (blue lines) from the nearby marine cores (M40-
71 from Emeis et al., (2003) and ODP-977 from Martrat et al., (2014). Fluid inclusion T that are assumed to be influenced by
evaporation are shown as small grey triangles.

Rainfall amount estimates

Based on the inverse relationship between rainfall §'®0 and precipitation amount in modern observations
(IAEA/WMO, 2019; Gat et al., 2003; El-Asrag, 2005; Dirican et al., 2005; Nehme et al., 2019) in the EM,
a rainfall increase of ca. 290 mm/a is estimated to relate to a decrease in mean annual rainfall §'30 of 1%o
(Appendix S2). This value is comparable to the observation of Bar-Matthews et al. (2003) with ca. 200
mm/a per 1%o at the Soreq cave site. The quantification leads to annual rainfall reconstructions of
between <400 and ca. 1200 mm for Cyprus, with peak rainfall during the last interglacial optimum (table
4). Around 170 ka rainfall amounts seem to be <400mm. Rainfall reconstructions for the Last Glacial
Period are challenging and not quantitatively attempted here, because little is known on the rainfall §'*O-
amount relationship beyond the interglacial conditions.

Table 4. Temperature T(°C) from 8gcatcire-fuia after correction for A47 offset (2"column) and rainfall amount estimates (3"column)
following an EM relationship between mean annual rainfall 3'80 and amount (Appendix S2). Data were scaled based on modern
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day rainfall values in Cyprus. *Elevated or high apparent temperatures indicate that an evaporative effect has increased the fluid
6'80 value (*)an evaporative influence may exist. No rainfall amount has been estimated for the full glacial period due to an
unknown rainfall amount-6'80 relationship.

Age in ka BP Apparent T (°C) Estimated precipitation amount (mm)
125.6 20.8+2.5 650 + 170
126 232+42 1190 + 150
127 147 +£2.7 -
137.1 M172+2.7
141 ™17.6 £4.1
163.9 *27.6 2.7 -
170.4 *255+2.8 370 + 160
174.5 *30.2+14 300 + 160

8- Conclusion

The Pentadactylos stalagmite record from North-Eastern Cyprus gives new insights into climatic
variations during MIS 6 and 5 for the Northern Levant, a region with sparse records spanning the last
G/IG cycle. This study suggests moderately temperate and wet conditions in the early MIS6. These
conditions prevailed between probably before ~175, to ~163 ka with possibly a short return to dry
conditions at ~174ka. The wet period is followed by a stalagmite growth stop, coinciding with the coldest
and driest period of MIS 6, from 160 to 141 ka. After 141 ka, slightly more favorable conditions prevail
as indicated by slow stalagmite growth. A stop in growth between 132 and 128 ka suggests a short cold
and dry period contemporaneous with a Heinrich event.

The onset of the Eemian and along the whole LIG and glacial inception reveal similarities and
discrepancies between the Eastern-Mediterranean (EM) records regarding their sensitivity to regional
climate. The Pentadactylos 3'*0 record was driven mostly by the source effect (Sapropel 5) at the onset of
the Eemian, similarly to the Central and Southern Levant sites. Stable conditions during MIS Se were
however rather short in Cyprus compared to Soreq-Peqiin caves located further South. At ~122 ka, a
regional climate deterioration is visible in all sites but with different behaviour and isotopic shifts across
the glacial inception. A possible change in the regional circulation patterns under a higher NAO index
make the northern-Levant more open to distal and northern rainfall sources as noted clearly in the
Pentadactylos record situated further North. Other sites along the more Southern coastal Levant would be
englobed in the North Atlantic System but remain less influenced than Cyprus, due to the distal locations
of these sites.

The estimations of temperature and rainfall amount in Cyprus indicate a temperature shift of ca.9°C at the
MIS 6-5 transition and a drastic change in rainfall amount between MIS 6 and 5 (large shift in the
measured and calculated fluid inclusion §'*0O value - see Table 2 and 3). The paleotemperature difference
estimated from Pentadactylos cave compares well to similar changes in SST for MIS 6 and 5 and
confirms the notable marine influence on Cyprus.
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