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Introduction

The Last Interglacial (LIG ~130-116 ka), equivalent to Marine Isotope Stage (MIS) 5e and considerably warmer than the current interglacial, is a useful test bed for the future course of the Holocene (Anthropocene). In the foreland of the European Alps, the LIG has been studied using pollen preserved in mires and lake sediments. While these records document the succession of tree and other plant species across the LIG, they are very poorly constrained chronologically. Speleothems in caves offer superior age control and a few records are already available from the Austrian Alps [START_REF] Spötl | Start of the last interglacial period at 135 ka: Evidence from a high Alpine speleothem[END_REF][START_REF] Moseley | Termination-II interstadial/stadial climate change recorded in two stalagmites from the north European Alps[END_REF] and the Swiss Alps [START_REF] Häuselmann | Timing and nature of the penultimate deglaciation in a high alpine stalagmite from Switzerland[END_REF][START_REF] Wilcox | Exceptional warmth and climate instability occurred in the European Alps during the Last Interglacial period[END_REF]. The aim of the project was to find speleothems of LIG ages in the French Alps and thus extend our knowledge about this period across the entire Alps. Mountains are of particular interest for climate science because they are highly sensitive and show higher amplitudes of climate change than surrounding regions (Mountain Research Initiative EDW Working Group, 2015). Site selection was based on previous work on the Vercors (e.g., AUDRA 1994;[START_REF]Recherches géomorphologiques sur les massifs karstiques du Vercors et de la transversale de Ronda (Andalousie) : les apports morphogéniques du karst[END_REF] and discussion with colleagues and local cavers. Criteria of this selection included the availability of high-quality sample material and whether the cave has been characterized previously (including geomorphological observations and speleothems of different age).

Sites description

The four study sites (6 caves) are presented from north to south (Fig. 1). At 1144 m a.s.l. the Antre de Vénus is a horizontal cave of 850 m length. It partially intersects the Croix Perrin anticline and at the time of its formation, it drained the vast Méaudre-Autrans depression. It is interpreted as one of the ponors of a vast paleo-poljé and is the witness of a higher base level of the hydrographic network during the Neogene (DELANNOY et al., 1998). The Coulmes karst, northwest of the Vercors, is a multilevel cave system that has recorded the landscape evolution since the Neogene. Pra l'Etang (1220 m a.s.l., 300 m length) is a cave marking a former higher perched base level. Three samples were taken there. Nearby, at a lower elevation, in the Gournier system (572 m a.s.l., 18 km length), an underground river which can be followed up to 680 m a.s.l. Six samples were collected in the first fossil gallery of this cave. Next to it, the Coufin/Chevaline network (580 m a.s.l., 32 km length) also hosts two underground rivers. Samples were collected in the socalled "gruyères" sectors. The Pabro cave (840 m a.s.l., 100 m length) is a decapitated cave facing the Coulmes karst and perched above the gorges de la Bourne. Six samples were taken in the main room. Finally, the Chuats system was the subject of preliminary investigations. It is an important and recently explored network of 43 km length [START_REF] Landry | Fédération française de spéléologie, Comité départemental (Drôme). Le réseau des Chuats : plateau de Font d'Urle -Vercors. Comité départemental de spéléologie de la Drôme[END_REF] that comprises 5 known entrances. Three samples were taken from the Chuats II chasm in the sectors near the base of the entrance shafts series. These are the first dated speleothems in this major cave system of the southern Vercors.

Materials and methods

Our sampling approach of taking drill cores instead of entire dripstones minimizes the impact on the cave environment (Fig. 2) [START_REF] Spötl | Scientific drilling of speleothems -a technical note[END_REF]. In order to search for LIG speleothems, we drilled small-diameter cores (Fig. 3) at the base of 21 speleothems (stalagmite and flowstone) and exclusively retrieved broken stalagmites (6 in total). We targeted the central axis of the stalagmites and sampled the innermost part of each core. The cores were then cleaned in an ultrasonic bath before being drilled and dated using the U-Th method. Between 30 and 70 mg were analysed at the University of Minnesota and the Xi'an Jiatong University following the same procedure [START_REF] Edwards R | Precise timing of the Last Interglacial period from mass spectrometric determination of Thorium-230 in corals[END_REF]. All measurements were performed on a ThermoFisher Neptune Plus MC-ICP-MS using the technique described by [START_REF] Cheng | Improvements in 230Th dating, 230 Th and 234 U half-life values, and U-Th isotopic measurements by multi-collector inductively coupled plasma mass spectrometry[END_REF].

Results

Among the 27 analyzed speleothem samples 5 are Holocene in age, and the others fell into Marine Isotope Stages 2 (5 samples), 3 (2), 5a (1) and5c (1), 8 (1), 9 (2), 11 (4), 12 (1), 13 (1), while 4 are beyond the U-Th dating limit (older than 650 000 years). The ages are given in year before present (BP) in table 1. 

Discussion and conclusion

When compared to the deep-sea δ 18 O curve based on benthic foraminifera (Fig. 4), the majority of the stalagmites commenced to grow during interglacial periods: 5 are Holocene in age, 2 are from MIS 9, 4 from MIS 11 and 1 from MIS 13. Some ages indicate growth during interstadials. On the other hand, one sample plots at the onset of the Younger Dryas, another sample plots into a glacial (MIS 12) but overlaps within error with the following major interglacial MIS 11 (Fig. 4). Another sample falls into MIS 8 but again its error bar overlaps with an interglacial, MIS 7. Interestingly, we found no speleothems that formed during the LIG. Regarding the confidence of the dating, the material originating from stalagmites had almost always a higher Uranium concentration and was cleaner (less detrital thorium) than flowstones from the same area in the cave. The high detrital content of the flowstone from the Coufin/Chevaline river were challenging to date and some samples had to be discarded. Samples with a small 230 Th/ 232 Th atomic ratio (on the order of tens) should be cautiously considered. We report these new dates to serve as (a) minimum ages for speleogenetic studies of these caves (e.g. to assess the minimum age of certain conduits), and (b) as pilot data for future paleoclimate studies of this part of France. Some of these dates will later be integrated in local studies on these cave systems. [START_REF] Lisiecki | A Pliocene-Pleistocene stack of 57 globally distributed benthic δ18O records[END_REF]. Interglacials are highlighted in purple.
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 1 Figure 1: Map of the Vercors region with sampled caves

Figure 2 :

 2 Figure 2: Sampling of a calcite core in a stalagmite with a hand-held drill and a water flushing unit.
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 3 Figure 3: Example of small core pieces used for dating. Both pictures: Serge Caillault

Figure 4 :

 4 Figure 4: Basal ages with 2 sigma error bars of sampled speleothems from the Vercors arranged according to their approximate elevation (cave entrance), compared to the deep-sea δ 18 O curve[START_REF] Lisiecki | A Pliocene-Pleistocene stack of 57 globally distributed benthic δ18O records[END_REF]. Interglacials are highlighted in purple.

Table 1 :

 1 U-Th dating results. Ages are reported in Year BP; the error is 2 sigma.

ADV: Antre de Vénus; COU: Couffin; GO: Gournier; PLG: Pra L'Etang; PB: Pabro; CHU: Chuat

Th Age (yr BP)***
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