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Introduction

Tephra layers in sedimentary records have been well established as tools for dating and synchronizing palaeoclimate and -environmental data (e.g., [START_REF] Lowe | Tephrochronology and its application: A review[END_REF], with numerous examples derived from European records. Those include records from the Eastern Mediterranean region which is characterised by intense and frequent explosive volcanic activity (e.g., Italian and Aegean Arc volcanoes) and widespread tephra dispersal (e.g., [START_REF] Keller | Explosive volcanic activity in the Mediterranean over the past 200,000 yr as recorded in deep-sea sediments[END_REF][START_REF] Narcisi | Quaternary stratigraphy of distal tephra layers in the Mediterranean -an overview[END_REF][START_REF] Bourne | Tephrochronology of core PRAD 1-2 from the Adriatic Sea: insights into Italian explosive volcanism for the period 200-80 ka[END_REF][START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF][START_REF] Giaccio | The late MIS 5 Mediterranean tephra markers: a reappraisal from peninsular Italy terrestrial records[END_REF][START_REF] Giaccio | Extending the tephra and palaeoenvironmental record of the Central Mediterranean back to 430 ka: a new core from Fucino Basin, central Italy[END_REF][START_REF] Wulf | The 100-133 ka record of Italian explosive volcanism and revised tephrochronology of Lago Grande di Monticchio[END_REF][START_REF] Wulf | The Marine Isotope Stage[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF][START_REF] Vakhrameeva | The cryptotephra record of the Marine Isotope Stage 12 to 10 interval (460-335 ka) at Tenaghi Philippon, Greece: Exploring chronological markers for the Middle Pleistocene of the Mediterranean region[END_REF][START_REF] Vakhrameeva | Eastern Mediterranean volcanism during Marine Isotope Stages 9 to 7e (335-235 ka): Insights based on cryptotephra layers at Tenaghi Philippon, Greece[END_REF]. To date, numerous tephra markers from Italian volcanoes have been established as reliable isochrones that provide precise and accurate absolute dates of the timing of their eruption (e.g., [START_REF] Giaccio | The late MIS 5 Mediterranean tephra markers: a reappraisal from peninsular Italy terrestrial records[END_REF][START_REF] Giaccio | High-precision 14 C and 40 Ar/ 39 Ar dating of the Campanian Ignimbrite (Y-5) reconciles the time-scale of climatic cultural processes at 40 ka[END_REF][START_REF] Giaccio | Extending the tephra and palaeoenvironmental record of the Central Mediterranean back to 430 ka: a new core from Fucino Basin, central Italy[END_REF]. However, dating of calc-alkaline tephras from Aegean Arc volcanoes (e.g., Milos, Santorini, Kos, Nisyros, Yali) still lack absolute dating, mainly because advanced radioisotopic dating techniques such as 40 K/ 40 Ar or 40 Ar/ 39 Ar are not suitable (e.g., [START_REF] Druitt | Santorini Volcano[END_REF][START_REF] Fabbro | Evolution of the crustal magma plumbing system during the build-up to the 22-ka caldera-forming eruption of Santorini (Greece)[END_REF]. One approach to overcome those dating problems is to interpolate tephra deposition ages from sediment core chronologies of distal archives, as recently demonstrated for Santorini tephra layers in Aegean Sea records (e.g., [START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF].

Compared to Santorini, the calc-alkaline Kos-Yali-Nisyros (KYN) magmatic system in the SE part of the Aegean Sea still lacks a detailed tephrostratigraphy. Volcanic activity at the KYN started approximately 3 Ma ago [START_REF] Bachmann | 40 Ar/ 39 Ar and U/Pb dating of young rhyolites in the Kos-Nisyros volcanic complex, Eastern Aegean Arc (Greece): age discordance due to excess 40 Ar in biotite[END_REF]. One of the largest, caldera-forming eruption occurred at 161.3 ± 1.1 ka resulting in the widespread dispersal of the Kos Plateau Tuff (KPT; e.g., [START_REF] Smith | Single crystal 40 Ar-39 Ar dating of a Late Quaternary paroxysm on Kos, Greece: Concordance of terrestrial and marine ages[END_REF][START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF][START_REF] Allen | Reconstruction of a major caldera-forming eruption from pyroclastic deposit characteristics: Kos Plateau Tuff, eastern Aegean Sea[END_REF]. Subsequently, the volcanic centres of Nisyros and Yali formed within the KPT caldera (Figs. 1a,c), which produced several large explosive eruptions during the last 160 kyr (e.g., [START_REF] Pe-Piper | Magma evolution in the Pliocene-Pleistocene succession of Kos, South Aegean arc (Greece)[END_REF][START_REF] Bachmann | Evolution of silicic magmas in the Kos-Nisyros volcanic center, Greece: a petrological cycle associated with caldera collapse[END_REF].

Nisyros activities in particular were characterised by alternating effusive and explosive cycles that erupted calc-alkaline basaltic-andesitic to rhyolitic lavas and pyroclastics (e.g., Di Paola, 1974;[START_REF] Limburg | Young pumice deposits on Nisyros, Greece[END_REF][START_REF] Longchamp | Characterization of tephra deposits with limited exposure: the example of the two largest explosive eruptions at Nisyros volcano (Greece)[END_REF]Tomlinson et al., 2012a). Two major Plinian, caldera-forming events, the Lower (LNP) and Upper Nisyros Pumice (UNP) eruptions, formed massive tephra deposits on land and ash layers in distal terrestrial [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF] and marine (e.g., [START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF][START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF][START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF] settings. The timing of the LNP and UNP eruptions were controversially constrained to 110 -28 ka (LNP; [START_REF] Rehren | Geochemie und Petrologie von Nisyros (Ostliche Agais)[END_REF][START_REF] Barberi | Explosive interaction of magma with groundwater: insights from xenoliths and geothermal drillings[END_REF][START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF][START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF] and >50 -35 ka (UNP; [START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF][START_REF] Limburg | Young pumice deposits on Nisyros, Greece[END_REF][START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Karkanas | Tephra correlations and climatic events between the MIS6/5 transition and the beginning of MIS3 in Theopetra Cave, central Greece[END_REF], prohibiting for a long time the use of these tephras as reliable isochrones. However, recent advances in U-Th disequilibrium dating of zircon crystals have provided first absolute ages for the LNP and UNP eruptions at 63.1 ± 4.7 ka and 58.4 ± 2.7 ka respectively [START_REF] Popa | U-Th zircon dating reveals a correlation between eruptive styles and repose periods at the Nisyros-Yali volcanic area, Greece[END_REF]; those, however, still need verification by other independent dating techniques.

In this study, a comprehensive tephra glass chemical dataset and sediment accumulation rate age interpolation of a cryptotephra layer in sediments from the Sea of Marmara (SoM) is used to establish robust correlation and independent age control for the UNP eruption. The new dataset is used to re-evaluate previously published distal tephra findings in the Eastern Mediterranean region, with special focus on Nisyros tephra findings in the Megali Limni lacustrine sequence from Lesvos [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] and in Aegean Sea cores [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF][START_REF] İşler | Late Quaternary chronostratigraphy of the Aegean Sea sediments: special reference to the ages of sapropels S1-S5[END_REF]. The results will help to develop a more robust tephrostratigraphical framework in the Aegean-Black Sea region for the last 70 kyr. [START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF] (site MC27), [START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF] (purple site TRI172-26 with undefined Nisyros tephra occurrence), and [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] (Megali Limni). White dots depict sites that lack Nisyros tephra (Tenaghi Philippon, [START_REF] Wulf | The Marine Isotope Stage[END_REF]LC21, Satow et al., 2015;KL49, KL51, Wulf et al., 2020). The red dotted line indicates the proposed dispersal area of the UNP (this study). b) GoogleEarth inlet map showing the detailed positions of cores MRS-CS18 and MRS-C27 in the SoM (red dots). c) GoogleEarth inlet map of the Kos-Yali-Nisyros volcanic complex with the inferred KPT caldera (dotted yellow line).

Material and methods

Sediment cores used in this study derived from the central and eastern part of the SoM. The SoM is a brackish water basin in the Eastern Mediterranean region that connects the saline Aegean Sea and the Black Sea brackish water basin via the Dardanelles and Bosporus straits (Figs. 1a,b). Cores MRS-CS18 and MRS-CS27 were retrieved in 2015 on board of the RV Pourquoi pas? from 291 m below sea level (b.s.l.) and 313 m b.s.l. at the northeastern and western edges of the İmrali Basin in the SoM, respectively (Çağatay et al., 2019) (Fig. 1b).

Sediments of both cores encompass alternating lacustrine and marine facies interrupted by a hiatus (Fig. 2) which indicates past major water level variations (Çağatay et al., 2019). Core MRS-CS18 is a 14.05 m long sequence that contains an 8-cm-thick brown tephra layer (CS18-MT2) at 2.03-2.11 mbsf and a 2-mm-thin ash layer (CS18-MT3) at 3.095 mbsf. Core MRS-CS27 comprises a 20.45 m long sediment sequences that shows three distinct tephra layers: the greyish CS27-MT1 (6.955-7.005 mbsf), the brownish CS27-MT2 (13.835-13.88 mbsf), and the mm-thin CS27-MT3 ash layer at 16.18 mbsf. Based on their similar stratigraphic positions and appearances in other SoM cores (Çağatay et al., 2015) the thick MT1 and MT2 tephra layers have been tentatively correlated to the Y-2/Cape Riva eruption of Santorini and the Y-5/Campanian Ignimbrite by Çağatay et al. (2019). The MT3 ash layer has been detected in cores MRS-CS18 and MRS-CS27 by studying sections of increased values in magnetic susceptibility and XRF-Calcium counts of sediments. Çağatay et al. (2019) roughly associated the MT-3 tephra with the marine X-1 tephra based on its chronostratigraphic position in both cores below the Campanian Ignimbrite (Çağatay et al., 2019). However, all these tentative tephra assignments still require verification by glass geochemical fingerprinting.

In this study, polished thin sections of tephra glass concentrate of the five tephra layers in cores MRS-CS18 (MT2, MT3) and MRS-CS27 (MT1, MT2, MT3) were used to determine the major element compositions of individual glass shards by electron probe microanalyses (Supplement A). Measurements were carried out at the GFZ Potsdam (Germany) using a JEOL-JXA8230 (WDS) probe with the following analytical setup: 15 kV accelerating voltage, 10 nA beam current and 8-10 μm beam size. Analytical count times were 20 seconds for the elements Fe, Mn, Ti, Mg, P, and Cl, and 10 seconds for elements Si, Al, K, Ca, and Na measured first. The natural Lipari obsidian [START_REF] Hunt | An inter-laboratory comparison of the electron probe microanalysis of glass geochemistry[END_REF][START_REF] Kuehn | The INTAV intercomparison of electron-beam microanalysis of glass by tephrochronology laboratories: Results and recommendations[END_REF] and artificial glass standards from the Max Planck Institute (MPI-glasses: ATHO-G, StHs6/80 and GOR-132; [START_REF] Jochum | MPI-DING reference glasses for in situ microanalysis: New reference values for element concentrations and isotope ratios[END_REF] were used for data quality insurance (Supplement A).

Correlation of MT tephras used bivariate elemental plots of MT glass data and published glass datasets (Fig. 3).

MT3 tephra ages in SoM cores have been constrained by slightly revising the original agedepth models of cores MRS-CS18 and MRS-CS27 (Çağatay et al., 2019), which are based on a combination of wiggle-matching of the XRF-Ca-curves of both cores with interstadials of the NGRIP oxygen isotope curve [START_REF] Andersen | The Greenland ice core chronology 2005, 15-42 ka. part 1: constructing the time scale[END_REF][START_REF] Svensson | A 60000-year Greenland stratigraphic ice core chronology[END_REF][START_REF] Wolff | Millennialscale variability during the last glacial: The ice core record[END_REF], radiocarbon dates on fossil shell samples, and tephrochronology (Fig. 2, Supplement A, Supplement Fig. B1). The revised sediment chronologies used the newest INTCAL20 version by [START_REF] Reimer | The IntCal20 Northern Hemisphere Radiocarbon Age Calibration Curve (0-55 cal kBP)[END_REF] for radiocarbon age calibration as well as up-to-date published tephra ages (Supplement Table B1). Tephra ages were calculated as average values from the 2σ age ranges that were obtained by Bayesian modelling using the OxCal version 4.4.3 (Bronk Ramsey, 2021) (Supplement A). The revision of the original chronology of the Megali Limni lacustrine sequence ML01 [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] to estimate ages of potential Nisyros tephra equivalents used the same approach (see details in Supplement Fig. B2, Supplement C). MSAP represents typical sapropel layers in the Sea of Marmara, after marine re-connections during the interglacial periods.

Results

Tephras MT1 and MT2 in both SoM cores have rhyolitic and phono-trachytic major element glass compositions that confirm the proposed correlation by Çağatay et al. (2019) to the Y-2/Cape Riva and Y-5/Campanian Ignimbrite tephras, respectively (Fig. 3a,Supplement A).

Therefore, the published eruption ages for the Y-2 (22.02 ± 0.64 cal ka BP; Bronk [START_REF] Bronk Ramsey | Improved age estimates for key Late Quaternary European tephra horizons in the RESET lattice[END_REF] and Y-5 tephras (39.85 ± 0.14 40 Ar/ 39 Ar ka, 39.78 ± 0.14 cal a BP; [START_REF] Giaccio | High-precision 14 C and 40 Ar/ 39 Ar dating of the Campanian Ignimbrite (Y-5) reconciles the time-scale of climatic cultural processes at 40 ka[END_REF] were implemented as independent time markers for the construction of the revised agedepth models (Fig. 2).

The glass composition of the MT3 cryptotephra layer is high-silica rhyolitic with concentration ranges in SiO2 of 76.5-78.4 wt%, Al2O3 of 11.9-12.6 wt%, FeO of 0.6-1.6 wt%, CaO of 0.7-1.2 wt%, K2O of 3.6-4.9 wt%, and total alkalis (Na2O+K2O) of 7.1-8.3 wt% (normalised data) (Supplement A). This major element glass chemistry is typical for tephras from the eastern Aegean Arc and particularly from the Kos-Yali-Nisyros volcanic system. The MT3 glass chemistry clearly matches the glass composition of the proximal deposits of the Upper Nisyros Pumice (Tomlinson et al., 2012a), which can be well discriminated from the Lower Nisyros Pumices (LNP) by slightly higher mean values in SiO2 (77.2 vs. 76.1 wt%) and lower concentrations in Al2O3 (12.3 vs. 12.9 wt%), FeO (1.3 vs. 1.5 wt%) and Na2O (3.3 vs. 3.7 wt%) (Figs. 3b-c).

The timing of the MT3 tephra deposition in the SoM has been interpolated by the revised age-depth models of the MRS-CS18 and MRS-CS27 cores at 57,440 ± 1570 cal a BP and 56,710 ± 1420 cal a BP, respectively (Fig. 2). The mean age yields at 57,080 ± 1,500 cal a BP, which agrees well within its 2σ uncertainty with the U-Th disequilibrium (zircon) age of the proximal Upper Nisyros Pumice deposits at 58.4 ± 2.7 ka BP obtained by [START_REF] Popa | U-Th zircon dating reveals a correlation between eruptive styles and repose periods at the Nisyros-Yali volcanic area, Greece[END_REF]. Furthermore, the chronostratigraphic position of the MT3 tephra as inferred from wiggle-matching of the SoM Ca-curves with Greenland isotope data suggests a deposition in both cores at the termination of Greenland Interstadial GI-16 (Fig. 4b-c).

Figure 3: (a-d) Bivariate elemental plots of glass compositions of MT tephras of the Sea of Marmara cores (this study), compared with published tephra datasets (envelopes) and potential distal correlatives from the Aegean Sea [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF][START_REF] Vinci | A new ash layer 'Nisyros Layer' in the Aegean Sea sediments[END_REF][START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF][START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF] and Megali Limni, Lesvos Island, Greece [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF]. Tephra glass chemical datasets are retrieved from: Z-2/Minoan and Y-2/Cape Riva: [START_REF] Kwiecien | Estimated reservoir ages of the Black Sea since the last glacial[END_REF], [START_REF] Tomlinson | The major and trace element glass compositions of the productive Mediterranean volcanic sources: tools for correlating distal tephra layers in and around Europe[END_REF], [START_REF] Wulf | The Marine Isotope Stage[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF] 

Discussion

The comparison with distal tephra datasets shows that the MT3 tephra from the SoM correlates with the rhyolitic tephra δ identified in several Aegean Sea cores [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF][START_REF] İşler | Paleoceanographic and paleoclimatic evolution of the Aegean Sea since the last Interglacial (~130 ka BP) with special emphasis on sapropel formation[END_REF][START_REF] İşler | Late Quaternary chronostratigraphy of the Aegean Sea sediments: special reference to the ages of sapropels S1-S5[END_REF], with a Nisyros tephra in southern Aegean Sea core MC27 (301-307 cm depth; [START_REF] Vinci | A new ash layer 'Nisyros Layer' in the Aegean Sea sediments[END_REF][START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF], and with the ML3 and ML4 layers in the lacustrine core ML01 from Megali Limni, Lesvos Island, Greece [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] 

(Figs. 3b-c).

There is only a vague compositional overlap with a proposed Lower Nisyros Pumice tephra in Adriatic Sea core TRI172-26 (133.1-133.4 cm depth;[START_REF] Hardiman | Deep sea tephra from Nisyros Island, eastern Aegean Sea, Greece[END_REF] (Figs. 3b-c), and the MT3 glass chemistry is clearly distinct from the andesitic composition of the marine X-1 tephra in the Aegean Sea (Fig. 3a).

Notably, the previous lack of glass chemical data of Nisyros tephra land deposits has for long prevented reliable tephra correlations for the above-mentioned sites, and, in the case of Megali Limni, partly confounded the core chronology and therewith the proxy data interpretations.

Hence, the respective tephra datasets of these records have been re-evaluated within this study to allow for a direct comparison with SoM data (Fig. 4). Black Sea region by using mutual tephra isochrons (red dotted lines). a) Oxygen isotope curve of planktonic foraminifera from Aegean Sea core MAR03-28 (İşler et al., 2016) with timescale of Marine Isotope Stages (MIS); XRF-Ca-records of core MRS-CS27 (b) and MRS-CS18 (c) from the Sea of Marmara (Çağatay et al., 2019; this study) with positions of wiggle-matched Greenland Interstadials (GI). d) Total tree pollen percentages in the Megali Limni sequence, Lesvos Island [START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF][START_REF] Sánchez Goñi | The ACER pollen and charcoal database: a global resource to document vegetation and fire response to abrupt climate changes during the last glacial period[END_REF] on a revised timescale (this study; see also Supplement Fig. B2-B4 and Supplement C) and with positions of wigglematched GIs. e) Total tree pollen percentages of the Tenaghi Philippon peat sequence, Southeast Greece [START_REF] Müller | The role of climate in the spread of modern humans into Europe[END_REF][START_REF] Wulf | The Marine Isotope Stage[END_REF]; f) Oxygen Isotope record of Greenland ice core NGRIP [START_REF] Ngrip Members | High-resolution record of Northern Hemisphere climate extending into the last interglacial period[END_REF] with positions of Greenland Interstadials (GI).

Synchronisation with distal terrestrial tephra archives

The comparison of the MT3 tephra data with the tephrostratigraphic record of the lacustrine record of Megali Limni [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF][START_REF] Pyle | Reply: Correlation of a widespread Pleistocene tephra marker from the Nisyros-Yali volcanic complex, Greece[END_REF] is quite complex and requires a thorough revision of the published dataset. [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] identified six visible tephra layers, namely ML1 to ML6, in core ML01 for which the age of the oldest tephra ML6 has been interpolated to ~57.6 cal ka BP. The sequence contains two closelyspaced Nisyros tephra layers, ML3 and ML4 [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF], with identical glass composition that is also comparable to that of the UNP proximal deposits (Tomlinson et al., 2012a) and the SoM MT3 tephra (Fig. 3c-d). The deposition ages of the ML3 and ML4 tephra layers have been originally extrapolated to ~46.0 and ~46.8 cal ka BP [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF][START_REF] Pyle | Reply: Correlation of a widespread Pleistocene tephra marker from the Nisyros-Yali volcanic complex, Greece[END_REF]; those, however, are considerably younger than the UNP age constrained from the SoM sequences in this study.

The original age-depth model of the Megali Limni sequence is based on a combination of tephrochronology and radiocarbon dating [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF]. When reviewing the tephrochronological dataset, it is apparent that the youngest tephras ML1 and ML2, correlated by [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF] with the Y-2/Cape Riva and Y-5/Campanian Ignimbrite eruptions respectively, are reliable time marker for the age-depth model. However, the two oldest tephras ML5 and ML6 have been miscorrelated, and their imported ages therefore significantly falsified the chronology. The younger ML5 tephra was previously correlated by [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF] to the Y-6/Green Tuff of Pantelleria (44.1 ± 0.6 ka; [START_REF] Scaillet | Millennial-scale phase relationships between ice-core and Mediterranean marine records: insights from high-precision 40 Ar/ 39 Ar dating of the Green Tuff of Pantelleria, Sicily Strait[END_REF]. However, FeO values of ML5 tephra glasses are too low to justify an assignment to the Y-6 tephra but rather suggest a correlation with the older Pantelleria P-11 tephra (133 ka; [START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF] (Fig. 3d). A correlation with the P-11 tephra has been also postulated by [START_REF] Vogel | A Paleoclimate record with tephrochronological age control for the last glacial-interglacial cycle from lake Ohrid, Albania and Macedonia[END_REF] and is strongly supported by the widespread dispersal of this tephra in the Balkan (e.g., [START_REF] Vogel | A Paleoclimate record with tephrochronological age control for the last glacial-interglacial cycle from lake Ohrid, Albania and Macedonia[END_REF][START_REF] Karkanas | Tephra correlations and climatic events between the MIS6/5 transition and the beginning of MIS3 in Theopetra Cave, central Greece[END_REF][START_REF] Leicher | First tephrostratigraphic results of the DEEP site record from Lake Ohrid (Macedonia and Albania)[END_REF] and southern Aegean Sea [START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF] regions. The ML6 tephra, on the other hand, has been previously assigned to an unknown Aegean Arc tephra [START_REF] Margari | Mediterranean tephra stratigraphy revisited: Results from a long terrestrial sequence on Lesvos Island, Greece[END_REF] despite its glass composition showing an unambiguous chemical match with the marine W-3 and the Kos Plateau Tuff (KPT; 161.3 ± 1.1 ka, [START_REF] Smith | Single crystal 40 Ar-39 Ar dating of a Late Quaternary paroxysm on Kos, Greece: Concordance of terrestrial and marine ages[END_REF] (Fig. 3b-c). The stratigraphic position below the 133 ka-Pantelleria tephra and the fact that the KPT is present in marine records from the Aegean-Black Sea region (e.g., [START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF][START_REF] Wegwerth | Major hydrological shifts in the Black Sea "Lake" in response to ice sheet collapses during MIS 6 (130-184 ka BP)[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF] additionally support a correlation of ML6 to the W-3/KPT eruption.

When considering the tephra ages of the revised ML5/P-11 and ML6/KPT correlations and re-evaluating the Megali Limni pollen record of [START_REF] Margari | Character of vegetational and environmental changes in southern Europe during the last glacial period; evidence from Lesvos Island, Greece[END_REF] by wiggle-matching with the Tenaghi Philippon pollen and the Greenland oxygen isotope records (Fig. 4d-f), it is evident that the basal sediments of the Megali Limni core date back to the penultimate glacial instead of MIS 4 (Supplement Figs. B2-B4, Supplement C). The new ML01 chronology also provides revised modelled dates of the ML3 and ML4 tephras at 55,970 ± 2040 cal a BP and 57,490 ± 2030 cal a BP respectively (Fig. 4). The ML4 age at ~57.5 cal ka BP in particular agrees well and within 2σ uncertainties with the UNP/MT3 extrapolated age in the SoM sediments (~57.1 cal ka BP) and with the U-Th disequilibrium zircon date of proximal UNP deposits at ~58.4 ka by [START_REF] Popa | U-Th zircon dating reveals a correlation between eruptive styles and repose periods at the Nisyros-Yali volcanic area, Greece[END_REF]. Furthermore, the ML4 tephra stratigraphic position in the Megali Limni pollen record confirms the occurrence of the UNP eruption at the termination of Greenland Interstadial GI-16 (Fig. 4, Supplement Figs. B3-B4). The revised chronostratigraphic information in combination with the lack of proximal and marine distal evidence for more than one UNP eruption suggest that ML4 is most likely the primary tephra layer in the Megali Limni sequence and that the younger ML3 tephra layer might have been derived from reworking processes which, however, needs to be further investigated.

Links with marine tephra archives and UNP dispersal

The majority of Nisyros tephra findings derives from the marine realm. For example, [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF] identified the thin 'tephra δ' layer in several sediment cores collected from across the Aegean Sea and north of Nisyros volcano (MAR-sites in Fig. 1a). Tephra δ is stratigraphically positioned between the Campanian Ignimbrite tephra layer and sapropel S3 and has been dated by extrapolation of the marine oxygen isotope stratigraphy to originally 42-44 ka BP [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF]. Higher-resolution δ 18 O records published by İşler et al. (2016) have corrected this age to 53-58 ka BP, therewith placing tephra δ at the onset of MIS 3 (Fig. 4a). A previous correlation of tephra δ with the Lower Nisyros Pumice by [START_REF] Aksu | Occurrence, stratigraphy and geochemistry of Late Quaternary tephra layers in the Aegean Sea and the Marmara Sea[END_REF] has been revised to the Upper Nisyros pumices by Tomlinson et al. (2012a), and the new SoM MT3 dataset corroborates this assignment (Figs. 3b-c). Therewith, the UNP tephra, together with the Campanian Ignimbrite and the Santorini Y-2, presents an additional valuable isochrone for the glacial period that allows for detailed palaeoceanographic reconstructions of the Aegean-Black Sea region (Fig. 4).

Other UNP tephra findings in the Aegean Sea include a 6-cm-thick layer in core MC27, located ~120 km south of Nisyros [START_REF] Vinci | A new ash layer 'Nisyros Layer' in the Aegean Sea sediments[END_REF][START_REF] Vinci | Distribution and chemical composition of tephra layers from Eastern Mediterranean abyssal sediments[END_REF]. The chronostratigraphic position of the MC27 tephra is only poorly constrained, hence impeding a direct comparison with the SoM and other Aegean Sea data. Nevertheless, the MC27 tephra plays an important role for reconstruction of the UNP tephra dispersal in the Aegean Sea region since its occurrence indicates an additional southerly dispersion alongside the predominant northerly dispersal pattern as evidenced from the MAR Aegean Sea, Megali Limni, and SoM cores. However, MC27 is to date the only distal core south of Nisyros containing the UNP tephra, while other nearby high-resolution tephra archives, i.e. cores LC21 [START_REF] Satow | A new contribution to the Late Quaternary tephrostratigraphy of the Mediterranean: Aegean Sea core LC21[END_REF], KL49 and KL51 [START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF] lack this tephra (Fig. 1a). Therefore, further investigations are required to demonstrate the primary character of the MC27 tephra prior to interpret this complex dispersal pattern.

Conclusions

The new findings of the Upper Nisyros Pumice as MT3 tephra in the Sea of Marmara in combination with high-resolution proxy datasets provided a new modelled age of the UNP eruption at 57.1 ± 1.5 cal ka BP. This tephra age confirms the radioisotopic date of the UNP by [START_REF] Popa | U-Th zircon dating reveals a correlation between eruptive styles and repose periods at the Nisyros-Yali volcanic area, Greece[END_REF] and agrees well with the revised modelled age of the UNP distal tephra equivalent ML4 in the Megali Limni terrestrial record. The stratigraphic position of the UNP in palaeoenvironmental records of the Aegean-Black Sea region suggests a deposition at the termination of Greenland Interstadial GI-16 (SoM, Megali Limni) and at the onset of MIS 3 (Aegean Sea cores).

The occurrence of the UNP tephra in the SoM represents to date the furthest finding in the north-eastern part of the Aegean-Black Sea region, suggesting likely a transport by strong prevailing southerly winds at the time of the eruption and implying the possibility to detect this tephra in even more distal positions than previously believed. It is therefore recommended that future palaeoenvironmental studies in this region implement detailed (crypto)tephra studies to take advantage of this new tephra isochrone.
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 1 Figure 1: a) Topographic map of the Eastern Mediterranean depicting the coring locations of MRS-CS18 and MRS-CS27 (blue stars) from the Sea of Marmara in relation to relevant volcanic provinces (red triangles) and other marine and terrestrial archives (blue dots) with Upper Nisyros Pumice occurrences. Tephra data are retrieved from Aksu et al. (2008) (MAR sites), Vinci (1985) (site MC27), Hardiman (1999) (purple site TRI172-26 with undefined
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 2 Figure 2: Lithologies and age-depth models of Sea of Marmara cores MRS-CS18 (a) and MRS-CS27 (b) for the interval of the last 70 kyr. The inlet graph (a) depicts the complete chronology of core MRS-CS18 as described in Çağatay et al. (2019). Core chronologies are based on a combination of radiocarbon dates (purple bars), imported tephra ages (red triangles) and wiggle-matching with the NGRIP oxygen isotope record (black bars). The MT3/UNP tephra ages (red dotted lines) derive from Bayesian modelling (Supplement A).

  ; Y-3:[START_REF] Albert | Revisiting the Y-3 tephrostratigraphic marker: a new diagnostic glass geochemistry, age estimate, and details on its climatostratigraphical context[END_REF],[START_REF] Wulf | The Marine Isotope Stage[END_REF][START_REF] Satow | Detection and characterisation of Eemian marine tephra layers within the sapropel S5 sediments of the Aegean and Levantine Seas[END_REF]; Y-5/Campanian Ignimbrite:Tomlinson et al. (2012b),[START_REF] Wulf | The Marine Isotope Stage[END_REF]; Y-6/Green Tuff: Tomlinson et al. (2015); X-1/Upper Scoriae 1: Wulf et al. (2020); P-11: Satow et al. (2015), Vogel et al. (2010), Leicher et al. (2016); Lower and Upper Nisyros Pumice (LNP, UNP): Tomlinson et al. (2012a); W-3/Kos Plateau Tuff: Satow et al. (2015), Wegwerth et al. (2019), Wulf et al. (2020).
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 4 Figure 4: Comparison of palaeoenvironmental records of the last 70 kyr from the Aegean-
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