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Abstract 24 

In this article, we propose an approach to reconstruct the timing of human activity at Points 25 

Cave, an Upper Palaeolithic rock art site located in the middle of the Ardèche River gorge 26 

(Rhône valley, France), based on the dating and characterisation of a stalagmite containing soot. 27 

Points Cave (“Grotte aux Points” in French), also called the “little sister of Chauvet 28 

Cave”, is famous for its parietal art including a series of dots made of palm prints. A large 29 

number of stalagmites formed in the cave during the last 500 ka. However, quarrying of the cave 30 

floors during historic times led to the partial destruction of the sedimentary deposits, and many 31 

of the stalagmites were found lying on the floor. In particular, one of them (STM-18-04) showed 32 

the presence of at least four dark layers in cross-section, which appeared as possible remnants of 33 

fire-related activities in the cave.  34 

Despite being present at the same site, no other specific link between STM-18-04 and the 35 

rock art has been documented. This stalagmite, however, allows us to identify phases of human 36 

presence, located at the cave entrance. In order to do so, we performed a series of analyses to 37 

determine its period of growth and the nature of the dark layers it contains. Scanning electron 38 

microscopy and Raman micro-spectroscopy confirmed that the dark layers include soot, and U-39 

series dating indicated that the fire events occurred respectively around 14,200-14,100 and 40 

12,500 years ago, in agreement with the radiocarbon ages of charcoal specimens recovered from 41 

the excavation areas nearby. We thus highlighted phases of human activity at the site during the 42 

Upper Magdalenian and/or beginning of the Epipalaeolithic. By comparing our results with the 43 

regional palaeoclimatic record, the soot layers trapped in the stalagmite appear to be synchronous 44 

with two cold periods, likely the Older Dryas, and the Younger Dryas. 45 

 46 
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 49 

1. Introduction 50 

Establishing the chronology of human and animal activities in Palaeolithic rock art sites in 51 

relation to natural phenomena (climate change, geological and environmental events) is a key 52 

issue in rock art research. Following the discovery of Chauvet Cave in 1994 and the publication 53 

of the radiocarbon ages obtained on the paintings (starting from ca. 36,000 years cal. BP, Clottes 54 

et al., 1995), there has been a major effort to unravel the chronology of events that took place in 55 

the Palaeolithic rock art sites of south-eastern France (Valladas, et al., 2001, 2017; Genty et al., 56 

2004; Ambert et al., 2005; Cuzange, et al., 2007; Azéma et al., 2012; Sadier et al., 2012; Quiles, 57 

et al., 2013; Monney et al., 2014; Guibert et al., 2015; Quiles, et al., 2016; Monney & Jaillet, 58 

2019). There is increased interest in understanding the climatic and environmental conditions at 59 

the time of human presence at the entrance and/or in the deepest parts of rock art caves during 60 

the Upper Palaeolithic, a period that broadly ranges from ca. 50 to 12 ka. In this regard, the 61 

analysis and dating of speleothems has proved an essential source of information, especially in 62 

the Ardèche River Gorge (Bourdin, et al., 2011; Genty et al., 2004). 63 

Uranium-series (230Th/U) dating is extensively used to date calcium carbonate deposits, 64 

in particular cave speleothems (Ivanovich and Harmon, 1992; Richards and Dorale, 2003). In 65 

stalagmites, U-series dating can be combined with palaeoclimatic and palaeoenvironmental 66 

analyses, including stable isotopes and trace elements. In addition to geochemical information, 67 

speleothems may also contain remnants of anthropic activities such as traces of fire, or use of 68 

manganese oxides (e.g., Genty, et al., 1997; Vandevelde, et al., 2017; Pons-Branchu et al., 2022). 69 
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However, applications are successful on well preserved samples, i.e., closed systems, and are 70 

limited in the case that U is remobilised due to diagenetic processes (dissolution, 71 

recrystallisation), which may distort the ages obtained. This is particularly restrictive when 72 

dating thin speleothems (“crusts”) covering rock art (e.g., Aubert et al., 2014; Hoffmann et al., 73 

2016; Pike et al., 2012), thus highlighting the importance of having a clear stratigraphic control, 74 

independent dating methods (e.g., radiocarbon) and archaeological context (Pons-Branchu et al., 75 

2014a; 2022). 76 

Here, we combined U-series and radiocarbon (14C) dating on calcite samples and material 77 

characterisation of dark particles trapped in a stalagmite collected on the floor of Points cave 78 

(STM-18-04), a rock art site located in the Ardèche River Gorge in France (Figure 1). Our study 79 

aimed at connecting chronological data obtained in STM-18-04 with the remnants of fire 80 

activities trapped in this stalagmite. These data were compared with the 14C ages obtained on 81 

charcoals collected from the stratigraphic context to reconstruct the timing of human activities at 82 

the entrance of the cave. 83 

 84 

2. Materials and Methods 85 

2.1. Site description and sampling 86 

Points Cave is a Palaeolithic rock art cave located in the central part of the Ardèche River Gorge 87 

(Aiguèze, Gard, France, Figure 1a). Since 2011, it has been subject to interdisciplinary research 88 

as part of the “Datation Grottes Ornées” (“Cave Art Dating”) project, coordinated by one of us 89 

(Monney, 2018a). The cave is a 110 m-long corridor (Figure 1c). It was successively occupied 90 

by cave bears during Marine Isotopic Stage 3 (MIS 3, ca. 57-29 ka, Lisiecki and Raymo, 2005) 91 

and modern humans, at least, since the Gravettian (since ca. 32,000 cal BP).  92 
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 93 

Figure 1. Location of Points Cave in the Ardèche Gorge (a), an example of palm prints produced 94 

by pressing pigment-covered palms onto the rock (b) and map of the cave with location of 95 

stalagmite STM-18-04 (c). 96 
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The rock art, which was discovered in 1993 (Brunel et al., 2008, 2018), is concentrated in 97 

an area located in the total darkness zone around 75 m from the entrance. It includes 72 red 98 

drawings and paintings, including five animal figures (three ibexes, one horse, one bison), five 99 

indeterminate tracings, two bilobed signs, one open-angle sign and 59 palm prints produced by 100 

pressing pigment-covered palms onto the rock (Figure 1b, Monney, 2018b). The rock art shows a 101 

high colorimetric homogeneity (Lafon-Pham et al., 2022) and is attributed to a single painting 102 

phase (Monney, 2018b). Its closest iconographic equivalent is to be found in the entrance sectors 103 

of Chauvet Cave, where we also find bilobed signs and palm prints clusters accompanied by 104 

small line drawings of animals (Baffier and Feruglio, 1998; Chauvet et al., 1995; Gély, 2005).  105 

Material uncovered in SU (Stratigraphic Unit) 1 during archaeological excavations at 106 

Points Cave entrance comprises flint, charcoal, faunal remains and colouring material. The 107 

preliminary typo-technological analysis of the lithic material revealed the presence of a Noailles 108 

burin, microgravettes, probable fragments of unifacial points, covering retouch, etc. (Boccaccio, 109 

2018), indicating that humans visited the cave, at least during the Gravettian (ca. 32,000-110 

26,000 cal BP) and Solutrean (ca. 26,000-21,000 cal BP) and possibly up until the 111 

Epipalaeolithic (ca. 14,000-12,000 cal BP). During historic times, the floors and sedimentary 112 

deposits of Points Cave were affected by extensive quarrying activities that led to the breakage 113 

and/or unearthing of speleothems. Archaeological surveys identified 21 stalagmites and 114 

one stalactite scattered on the floors and/or embedded in cave sediments (Figure 2).  115 

We focused our study on one of the stalagmites, PTS-STM-18-04, whose cross-section 116 

revealed a series of dark layers interbedded with calcite (Figure 3). This stalagmite was found in 117 

the penumbra zone, 38 m away from the entrance. Following F. Rouzaud (1978), the penumbra 118 

zone is described as an area with indirect natural lighting where it is possible to move around 119 
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without the aid of artificial lighting (grease lamp, torch, etc.). Unlike other speleothems attesting 120 

to ancient flood periods inside Points Cave up to the beginning of MIS7, ca. 241 ka (Genuite et 121 

al., 2022), STM-18-04 did not show any erosion marks indicative of transport processes, nor 122 

traces of burial processes (no red sandy sediments on its outer surface). On the contrary, 123 

although found lying on the floor and disconnected from its dripping area, STM-18-04 was 124 

found intact. Moreover, remains of the sediment on which it had precipitated were still trapped 125 

under its base. Similar sediments were observed under the remnants of a broken, albeit in situ, 126 

stalagmitic floor located about 3 m away from STM-18-04, suggesting that the stalagmite may 127 

have been initially in the continuity of the flowstone and that it would have precipitated close to 128 

its finding place (Figure 2). 129 

 130 

 131 

Figure 2. Location of STM-18-04 when found (1), context and floor state at Points Cave (2). 132 



8 

In cross-section, STM-18-04 showed a series of dark layers (Figure 3). Two of them, 133 

separated by a few millimetres, are located at the base of the stalagmite. A third layer is located 134 

less than a centimetre below the top of the stalagmite. A detailed examination of the latter 135 

showed that it resulted from the concatenation of at least two different dark horizons. The other 136 

dark traces, visible for example at the top of STM-18-04, are too diffuse to attest the presence of 137 

any other layer. 138 

 139 

Figure 3. The STM-18-04 speleothem and location of the sampling for U-series, vibrational 140 

spectroscopy and optical microscopy. U-series samples were taken from the base to the top of the 141 

speleothem: the number after 18-04 refers to the sample depth (in mm). 142 

 143 

These dark layers were observed using stereomicroscopy and characterised using Raman 144 

micro-spectroscopy, scanning electron microscopy (SEM), and thin section petrography 145 

(Figure 3). Six samples were also collected for U-series analyses to reconstruct the timing of 146 
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formation of the concretion, including the fire events (Figure 3). The crystalline phase of the 147 

samples was determined using Fourier transform infrared (FTIR) spectroscopy. Radiocarbon 148 

analyses were also performed on calcite and on charcoals from the immediate archaeological 149 

context (stratified deposits). 150 

 151 

2.2. Chronology 152 

Uranium-series dating and modelling 153 

U-series dating is based on the radioactive decay of 234U in 230Th within the 238U decay chain. 154 

Uranium being soluble in water, it is incorporated to the calcite during the precipitation of the 155 

crystal. Thorium being insoluble, it is assumed that the 230Th content measured today is the 156 

product of the parent, 234U. However, contamination of exogenous Th is common and needs to 157 

be checked in order to assess the reliability of the age results. To do so, 232Th, which does not 158 

belong to the 238U decay chain, but has the same chemical behaviour than 230Th, is measured, and 159 

the 230Th/232Th used to assess the level of contamination and to correct the ages (see for example 160 

Hellstrom, 2006). The measurement of U and Th isotopes using mass spectrometry allows 161 

calculating ages for samples up to ca. 600 ka. Six samples were extracted from STM-18-04 using 162 

a dentist drill at the EDYTEM laboratory (Le-Bourget-du-Lac, France) (Figure 3). U-series 163 

analyses were conducted at the Laboratory of Science of Climate and Environment (LSCE, Gif-164 

sur-Yvette, France) using the chemical procedure for separation and purification of uranium and 165 

thorium isotopes described in Pons-Branchu et al. (2014b). Samples (100-200 mg) were spiked 166 

with a 236U-229Th solution and the U and Th fractions were extracted using U-TEVA resin 167 

(Eichrom®). Uranium and Thorium fractions were then recombined for measurements on a 168 

Multi-Collector Inductively Coupled Plasma Mass Spectrometer (MC-ICP-MS Thermo Neptune 169 
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Plus), fitted with a jet interface and an Aridus II desolvating system. 238U, 235U, 236U, and 229Th 170 

were measured on Faraday cups, and 230Th and 234U on ion counting following Pons-Branchu et 171 

al. (2014b). The ages obtained were modelled using stratigraphic and coevality constraints 172 

(STRUT, Roy-Barman and Pons-Branchu, 2016). An age-depth model was then computed from 173 

corrected U-series ages and depth measurements using MOD-AGE (Hercman and Pawlak, 174 

2012). 175 

 176 

Radiocarbon analysis of calcite 177 

Aliquots (ca. 10 mg) of the samples collected for U-series analyses were used for radiocarbon 178 

(14C) dating at Laboratoire de Mesure du Carbone 14 (LMC14, Gif-sur-Yvette, France). CaCO3 179 

samples were cleaned according to the procedure of Dumoulin et al. (2017). The samples were 180 

then hydrolyzed in CO2 with pure ortho-phosphoric acid (H3PO4) and converted to graphite prior 181 

to being measured following the standard protocols at the ARTEMIS AMS facility, LMC14 182 

laboratory (Moreau et al., 2013; Moreau et al., 2020). The 14C measurements were corrected for 183 

isotopic fractionation according to the 13C values measured at the Artemis facility, following 184 

international recommendations (Mook and van der Plicht, 1999). 185 

 186 

Radiocarbon analysis on charcoals 187 

For comparative purposes, 14C dating was also performed on five charcoals taken from the upper 188 

part of the stratigraphic sequences of the archaeological excavations previously carried out at the 189 

cave entrance. One of these charcoals (Charb-1223) comes from the natural stratigraphy visible 190 

in the background in Figure 2. It was collected at the interface between the stalagmitic floor and 191 

SU 1, in a stratigraphic position very similar to that of the two black horizons at the base of 192 
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STM-18-04. Two of the charcoal samples (Charb-1521 and 1525) were prepared in the “Centre 193 

de Datation par le Radiocarbone” (CDRC) in Lyon (France) and sent in gas form to the 194 

Laboratoire de Mesure du Carbone 14 (LMC14) in Saclay. The chemical pretreatment and the 195 

combustion to produce the CO2 of the three other charcoals (Charb-1140, 1223 and 1548) were 196 

done at the LMC14 according to the protocol described in Dumoulin et al. (2017). All the 197 

samples were converted to graphite and were measured at the ARTEMIS facilities. The 14C ages 198 

were then calibrated using Oxcal 4.4 (Bronk-Ramsey, 2001) and the IntCal20 calibration curve 199 

(Reimer et al. 2020). Note that there was not enough material to perform analyses directly on the 200 

black horizons. 201 

 202 

Stereomicroscopy and thin section petrography 203 

All speleothem fragments (A, B, C, D, and E, Figure 3) were analysed using a Leica 204 

stereomicroscope at different magnifications (up to 10x) to identify regions of interest for 205 

scanning electron microscopy and Raman micro-spectroscopy. One fragment of the speleothem 206 

was mounted on a glass slide and polished to a thickness of 30 µm to obtain a thin section. The 207 

thin section was analysed using a Leica DM2500 P polarising microscope at different 208 

magnifications (25x, 50x, 100x, 200x, 400x). 209 

 210 

Scanning electron microscopy (SEM) 211 

Fragment D (Figure 3) was selected for SEM to determine the nature of the black particles 212 

embedded in the dark layer. The sample was analysed using a JEOL JSM-IT500HR 213 

InTouchScope™ at 5 kV and various working distances using a backscattered electron detector 214 

for electronic mean density images and a secondary electron detector for topographic images. 215 
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 216 

Fourier transform infrared spectroscopy (FTIR) 217 

Fragments of speleothems (n=6) were analysed using FTIR to determine their composition 218 

(Figure 3). In addition, two of the fragments were dissolved in 1M HCl to analyse their insoluble 219 

fraction. Samples were powdered in an agate mortar and pestle and about 5 mg of each were 220 

mixed with 40 mg of KBr and pressed into 7-mm pellets using a hand press. Infrared spectra 221 

were collected in transmission mode in 32 scans within the 4000-400 cm-1 spectral range using a 222 

Bruker Alpha spectrometer operated via OPUS 7.2. Spectra were analysed using OMNIC 9.6 and 223 

Macros Basic 8.0, and phase identification was based on standard literature (Farmer, 1974; van 224 

der Marel and Beutelspacher, 1976) and on the infrared spectra library of the Kimmel Center for 225 

Archaeological Science (https://centers.weizmann.ac.il/kimmel-arch/infrared-spectra-library). 226 

The degree of atomic order of calcium carbonate crystals was determined following the methods 227 

of Regev et al. (2010) and Poduska et al. (2011). 228 

 229 

Raman micro-spectroscopy (µRaman) 230 

Fragments of speleothems (n=3, #B, D, and E, see Figure 3) were analysed using Raman 231 

spectroscopy with a Renishaw micro-spectrometer type RM2000 coupled to a LEICA type 232 

DMLM microscope equipped with a x50 large numerical aperture objective and a 633 nm laser. 233 

Under 1-2 µm laser spot radius and the chosen optical set, the spatial resolution can be estimated 234 

to be around 3 µm along the Z depth optical axis and 2x2 µm² at the XY perpendicular matter 235 

surface. All the spectra were acquired with a grating blazed at 1200 gr/mm and a 50 µm 236 

spectrometer entrance slit, ensuring a high spectral resolution. The acquisitions are a fixed 237 

combination between a laser power attenuation and time per point, systematically adapted so that 238 
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the most intense spectral component neither exceeds the detector saturation (approximately 239 

120,000 cts) nor damages the matter under the laser spot. Each spectrum is obtained by a 240 

summation of several consecutive acquisitions. Experimental data were processed with WIRE 241 

v1.3 Renishaw software for polynomial function background removal and curve fitting 242 

deconvolution of Raman spectral components. 243 

The archaeological samples were compared with modern reference material including 244 

charcoal, burnt carbon fibre, and pencil graphite. 245 

 246 

3. Results 247 

3.1. Characterisation 248 

FTIR shows that all the speleothem fragments are composed of calcite, as indicated by the 249 

absorption bands at 1420 (ν3), 875 (ν2), and 713 cm-1 (ν4) (Figure 4). Despite being the product 250 

of a long geological process, calcite crystals show a poor degree of atomic order, similar to the 251 

experimental ash and archaeological lime plaster reported by Regev et al. (2010), based on the 252 

intensity of the ν2 and ν4 absorptions normalised to the intensity of the ν3 absorption (Table 1). 253 

This phenomenon has already been observed in speleothems and is caused by large lattice strain 254 

in calcite crystals (Xu et al., 2015). These structural defects may be caused by porosity, 255 

inclusions, crystallite size, or morphology, which vary considerably in cave settings. Inclusions 256 

were indeed identified in thin section (Figure 5). The insoluble fractions include mainly clay 257 

minerals of the kaolinite and smectite groups (absorptions at 3697, 3622, 1037, and 521 cm-1) 258 

and quartz (1080, 797, 779, 695, and 468 cm-1), whereas organics related to soot were not 259 

observed, presumably because of their low concentration (Figure 4). 260 

 261 
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 262 

Figure 4. Representative FTIR spectra from sample D. 263 

 264 

Sample number ν2 ν4 

STM18-04A 424 110 

STM18-04B 469 120 

STM18-04B+C 435 106 

STM18-04C 438 98 

STM18-04D 452 108 

STM18-04E 456 117 

Tab. 1. Intensity of the ν2 and ν4 infrared absorptions of calcite normalised to the intensity of the 265 

ν3 absorption. 266 
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 267 

Figure 5. Photomicrographs of one of the speleothem fragments (thin section in Figure 3). Top 268 

row shows calcite layers in plane polarized light (left) and cross polarized light (right). The black 269 

spots are inclusions. Bottom row shows the outer portion of the fragment in plane polarized light 270 

(left) and cross polarized light (right). Red arrows indicate porosity. 271 

 272 

Dark particles identified by stereomicroscopy (Figure 6) were analysed using SEM and 273 

µRaman to determine their structure and composition. Fragment D exhibits a large black particle 274 

embedded within the dark layer, which is characterised by a regular structure typical of wood 275 

anatomy, as observed in SEM (Figure 6.d). µRaman revealed that this dark particle, like many 276 

others measuring a few microns across, shows two groups of peaks: the first ranges from 1000 to 277 
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1800 cm-1, the second between 2200 and 3400 cm-1 with an intensity ratio of 1/4 to 1/5 compared 278 

to the previous group of peaks (Figure 7, Table 2). The trapped black compound has the same 279 

Raman spectral components as burned pine charcoal rather than other carbon compounds 280 

(Figure 7). The positions and height ratios of the maxima around 1350 cm-1 called D band and 281 

around 1600 cm-1 called G band can be used as thermometric indicators (Theurer et al., 2021; 282 

Deldicque et al. 2023). The spectral curve-fitting of the STM18-04 main black inclusion is 283 

reported in SOM Table S1 for further developments. 284 

 285 

Figure 6. Stereomicroscopy (a, b, c) and SEM (d) images of fragment D. Scales are 2 mm (a), 286 

800 µm (b), 200 µm (c) and 10 µm (d). The SEM image shows the black particle highlighted 287 

with circles in a and c. The red rectangle shows the location of image 2. 288 
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 289 

Figure 7. Photomicrographs at increasing magnification (left) and Raman spectra of fragment D 290 

(solid line) compared to several reference standards (pencil graphite, burnt carbon fibre and 291 

charcoal). 292 

 293 

1000-1800cm-1 group 2200-3400cm-1 group 

Shift (cm-1) Shape Notation Shift (cm-1) Shape 

1078 cm-1 shoulder D4 2710 cm-1 very large band 

1212 cm-1 shoulder D4' 2950 cm-1 large band 

1355 cm-1 large intense band D1 3178 cm-1 large band 

1504 cm-1 added curve-fit form D3   

1596 cm-1 large intense band G   

1705 cm-1 shoulder D1700   

Tab. 2 Raman shift bands shown by the trapped dark particles in STM18-04 fragment D, with an 294 

occasional weak calcite peak residue at 1088 cm-1 (Fig.7). Notation from Deldicque et al. 295 

(2023). 296 

 297 
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3.2. Chronology 298 

As there was not enough material, we did not attempt to date the black soot layers directly from 299 

the stalagmite, instead concentrating on dating the calcite above and below these layers. 300 

Six U-series ages (2σ) were obtained on STM-18-04: they range from 15,139 ± 108 (18-04-03) 301 

to 13,170 ± 158 years (18-04-61) (uncorrected ages) (Table 3). Similar values of 238U content 302 

were obtained for the samples (~224-293 ppb), except for one sample (18-04-104) for which it 303 

was significantly lower (~148 ppb). Measured δ234U (δ234UM) values ranged from 22.7 ± 1.5 ‰ 304 

(18-04-104) to 57.2 ± 1.6 ‰ (18-04-03). 305 

There is a stratigraphic inversion at the top of the speleothem: the younger age was 306 

obtained for sample 18-04-61, taken more than 40 mm under 18-04-104 (14,101 ± 140 years) 307 

and 18-04-110 (14,790 ± 100 years). This can be explained by low 230Th/232Th ratios, 15.8 and 308 

10.6 respectively, for the two uppermost samples, which attest that exogeneous thorium 309 

contamination is significant. Indeed, the lower the 230Th/232Th value, the highest is the 310 

contamination with detrital Th, i.e. which is not the product of 234U. Ages were thus corrected, 311 

assuming an initial 230Th/232Th activity ratio of 1.5 ± 50%: corrected ages range from 14,437 ± 312 

456 years for the base to 12,859 ± 1056 years for the top (Table 3). A second correction method, 313 

based on stratigraphic constraints, the STRUTages algorithm (Roy-Barman and Pons-Branchu, 314 

2016), was used. Corrected values using this model did not significantly differ from those 315 

corrected using “a priori” values, with values ranging from 14,337 ± 218 (base) to 12,390 ± 544 316 

years (top), but the STRUTages algorithm reduces the error range (Table 3). We used the 317 

STRUT ages for interpretation and discussion of the stalagmite.318 
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Lab # 18-04 # 238U (ppb) 232Th 

(ppb) 

δ234UM 

(‰) 

(230Th/238U) (230Th/232Th) Age (years) δ234Uinitial 

(‰) 

 Cor. age† 

(years) 

 STRUT age‡ 

(years) 

8559 3 223.54 ± 1.79 3.18 ± 0.03 57.2 ± 1.6 0.1370 ± 0.0007 30.0 ± 0.2 15,139 ± 108 59.6 ± 1.6 14,437 ± 456 14,337 ± 218 

8561 7 249.61 ± 2.00 0.94 ± 0.01 55.4 ± 1.1 0.1303 ± 0.0005 108.1 ± 0.4 14,376 ± 75 57.6 ± 1.2 14,190 ± 168 14,161 ± 77 

8562 12 292.78 ± 2.35 0.33 ± 0.01 54.3 ± 1.2 0.1284 ± 0.0004 358.6 ± 0.2 14,165 ± 67 56.6 ± 1.2 14,109 ± 95 14,094 ± 51 

8635 61 283.49 ± 2.27 0.27 ± 0.01 40.4 ± 2.0 0.1183 ± 0.0011 374.4 ± 3.5 13,170 ± 158 41.9 ± 2.0 13,121 ± 183 13,111 ± 108 

8563 104 147.61 ± 1.18 3.63 ± 0.03 22.7 ± 1.5 0.1239 ± 0.0010 15.8 ± 0.1 14,101 ± 140 23.6 ± 1.6 12,857 ± 757 12,661 ± 396 

8564 110 238.18 ± 1.91 9.23 ± 0.07 34.4 ± 1.5 0.1311 ± 0.0006 10.6 ± 0.1 14,790 ± 100 35.7 ± 1.6 12,859 ± 1056 12,390 ± 544 

Tab. 3. U-series data (2σ) obtained from PTS-STM 18-04. The second column refers to the sample number (see Fig. 2) and is the 319 

depth of the sample taken from the base of the speleothem (in mm). Ages (before 2020) were calculated using the following decay 320 

constants: λ238 = 1.55125·1010 (Jaffey et al., 1971), λ234 = 2.82206·106, and λ230 = 9.1705·106 (Cheng et al., 2013). 321 

δ234UM = ((234U/238U)measured/(
234U/238U)equilibrium - 1)  1000. δ234Uinitial was calculated based on 230Th age (T): δ234Uinitial = δ234UM  322 

eλ234  T. 323 

†Ages were corrected using a 230Th/232Th initial value of 1.5 ± 50%. 324 

‡STRUT ages were corrected using stratigraphical constraints, assuming 30% of variability, resulting in a (230Th/232Th)0 of 1.318 ± 325 

0.213 (Roy-Barman and Pons-Branchu, 2016). 326 

  327 
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Lab Code STM-18-04# pMC Age BP Age cal BP  DCP (%) - (%) + (%) 

61118 03 18.86 ± 0.10 13,400 ± 45 16,298-15,975 11.9 0.9 1.6 

61119 07 18.58 ± 0.11 13,520 ± 45 16,495-16,145 14.4 0.6 0.6 

61120 12 18.87 ± 0.11 13,395 ± 45 16,293-15,967 13.6 0.4 1.2 

61121 61 21.25 ± 0.10 12,440 ± 40 14,921-14,309 14.2 1.3 2.2 

61122 104 23.42 ± 0.10 11,660 ± 35 13,530-13,455 12.5 6.2 1.3 

61123 110 24.46 ± 0.11 11,315 ± 35 13,300-13,155 11.0 6.5 1.6 

Tab. 4. 14C results on calcite samples (as pMC: percent of Modern Carbon) and DCP (%). Ages were calibrated using Oxcal 4.4 328 

(Bronk-Ramsey, 2001) and the IntCal20 curve (Reimer et al., 2020). 329 

 330 

Lab Code Sample Code Square 

meter 

Stratigraphic 

Unit 

x y z Age (BP) Age (cal BP) 

GifA13468/SacA37389 PTS-Charb-1140 G24 1 28 632 -153 12,360 ± 50 14,840-14,139 

GifA15486/SacA44412 PTS-Charb-1223 E37 1 -188.2 1994.45 -309.3 12,160 ± 190 14,930-13,608 

Lyon-19181/SacA-65113 PTS-Charb-1521 K25 2015-1 445 716 -158.5 12,040 ± 60 14,053-13,795 

Lyon-19182/SacA-65114 PTS-Charb-1525 J25 A 385 731 -182 11,300 ± 50 13,300-13,105 

Lyon-17823/SacA60975 PTS-Charb-1548 G22 1 (f.br.) 22 474 -142 12,850 ± 60 15,574-15,164 

Tab. 5. 14C results on charcoal samples from archaeological excavations at the entrance of the cave. Ages were calibrated using Oxcal 331 

4.4 (Bronk-Ramsey, 2001) and the IntCal20 curve (Reimer et al., 2020). 332 
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These ages fall within MIS2 (29-14 ka, Lisiecki and Raymo, 2005) and are coeval with 333 

the Bølling-Allerød, 14.6-12.9 ka, and the Younger Dryas, 12.9-11.7 ka (Rasmussen et al., 2014) 334 

(Figure 8). More specifically, samples were taken immediately above and below the dark layers 335 

(respectively 18-04-03 and 07; 18-04-07 and 12; 18-04-104 and 110) to bracket the age of the 336 

fire events, and thus human presence in the cave. Modelled STRUT ages and their sampling 337 

depth within the stalagmite were combined to obtain an age-depth model using MOD-AGE 338 

(Hercman and Pawlak, 2012). Using the normal distribution of the U-series ages and depth 339 

measurements, modelled ages and depth within the stalagmite were obtained from Monte Carlo 340 

simulation (Figure 8). According to our data, the age of the oldest fire event, located at the 341 

bottom of the stalagmite, is between 14,337 ± 218 and 14,161 ± 77 years, and the second event 342 

between 14,161 ± 77 and 14,094 ± 51 years. The third and the fourth events, at the top of the 343 

speleothem, are dated to between 12,661 ± 396 and 12,390 ± 544 years. 344 

The 14C ages on calcite allowed us to estimate the dead carbon proportion (DCP, 345 

Table 4). They confirm the stability of the dead carbon input over time and the good stratigraphic 346 

coherence of the sequence. The DCP was calculated using U-Th ages as “true age”, 14C 347 

measurements, and atmospheric 14C values from the IntCal20 calibration curve (Reimer et al. 348 

2020) following Genty et al. (2001). DCP display low variation (from 11.9 +1.6 -0.9 % to 14.2 349 

+2.2 -1.3 %). These values fall within the typical range of DCP values published for caves with 350 

thin soil (Genty et al., 2001; Griffiths et al., 2012; Noronha et al., 2014).  351 

Four of the charcoals from nearby archaeological excavations yielded results between ca. 13,105 352 

and 14,930 cal BP (Table 5). At 2σ, these results overlap with the period of growth of STM-18-353 

04. In particular two of them (Charb-1140 and Charb-1223) could be related to the same fire 354 

event or, at least, one of the two earliest soot horizons at the base of STM-18-04 (Figure 8). This 355 
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would be consistent, at least for Charb-1223, whose stratigraphic position is similar to that of the 356 

two dark horizons at the base of STM-18-04. 357 

 358 

Figure 8. U-series (based on STRUT method) and 14C age results and depth age model (MOD-359 

AGE, dashed line) presented as a function of the δ13C and δ18O variations recorded in the Chau-360 

stm6 stalagmite from the Chauvet Cave (data from Genty et al., 2006). The three plain black 361 

lines represent the approximate location of the soot layers identified in STM-18-04 and the black 362 

diamonds represent the U-series ages that bracket the soot layers. YD = Younger Dryas; B-A: 363 

Bølling-Allerød; OD = Older Dryas (ca. 14,150 years, see Figure 11 in Genty et al., 2006). 364 

 365 

 366 
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4. Discussion 367 

By combining characterisation tools with dating techniques, we were able to characterise and to 368 

reconstruct the timing of human presence during the Tardiglacial era and the Termination I.  369 

The hypothesis of an anthropogenic origin for the fire events recorded within STM-18-04 370 

is corroborated by the radiocarbon results obtained on the charcoals collected nearby in 371 

association with lithic remains in archaeological layers at the cave entrance. The calibrated ages 372 

of at least three of these charcoals overlap the timespan of the first two fire events as bracketed 373 

by the calcite dating. Assuming that the fire events were related to anthropic activities, human 374 

presence at the cave entrance is thus attested during at least two phases, the first one between 375 

ca. 14,337 ± 218 and 14,094 ± 51 years, and the second one between 12,661 ± 396 and 12,390 ± 376 

544 years. 377 

The first phase identified falls within the Bølling-Allerød (ca. 14.6-12.9 ka, Rasmussen et al., 378 

2014), and the second one within the Younger Dryas (ca. 12.9-11.7 ka, Rasmussen et al., 2014).  379 

These periods of human activity at Points Cave are contemporary with the radiometric 380 

results obtained at several archaeological sequences in the Ardèche Gorge. While data are well 381 

documented at the regional scale for the Bølling-Allerød, contexts attributed to the Late 382 

Tardiglacial are often poorly preserved and/or dated. For example, the site of the Colombier II 383 

rock shelter shows evidence of human occupations dated between the Older Dryas and Allerød 384 

linked with fireplaces and remains of lithic or bone industry, attributed to the Upper 385 

Magdalenian and the Azilian (Onoratini, 1992; Joris, 2002; Bazile, 2014; Beauvais, 2022). The 386 

continuous sequence of this site shows similarities with other contemporary contexts such as 387 

Saut-du-Loup (Gilles, 1976), which demonstrate recurrent occupations during the Bølling-388 

Allerød. In the Ardèche Gorge, several other sites lacking radiometric results also yielded lithic 389 
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remains attributed to the same technocomplexes, in particular the Baume d'Oulen (Beauvais et 390 

al., 2020) as well as Baou-de-la-Sello and Huchard caves (Combier, 1967). 391 

The results obtained at Points Cave thus fit well into the regional context of use of the central 392 

part of the Ardèche River Gorge by human communities at the end of the Upper Palaeolithic 393 

and/or beginnings of the Epipalaeolithic, possibly in connection with specialised hunting 394 

activities (Lateur et al., 2019). 395 

Our age results can be compared with those obtained on other speleothems for which 396 

palaeoclimatic data are available. For instance, palaeoclimatic analyses of some of the Chauvet 397 

Cave stalagmites (Genty et al., 2004), located upstream in the Ardèche gorges, enable 398 

reconstructing the climatic conditions at the time of the human occupation of Points Cave, since 399 

they precipitated during the same period. In particular, it is possible to match the ages obtained 400 

from STM-18-04 with Chau-stm6, dated between ca. 11,498-32,872 years (Genty et al., 2006) 401 

(Figure 8). δ13C and δ18O analyses of this stalagmite give some insights into the regional 402 

paleoclimatic record during the last deglaciation. In speleothems, an increase in both δ13C and 403 

δ18O values is interpreted as a cold event: the reduction of vegetation and soil activity due to a 404 

decrease in temperature leads to an increase in δ13C during cold periods; in turn, an increase in 405 

δ18O values reflects a decrease in temperature. The palaeoclimatic record of Chau-stm6 shows 406 

three peaks in less negative values of δ13C and δ18O: at ca. 14,150 years, 12,590 years, and 407 

12,200 years (Figure 8), indicating climate degradation for these intervals. A paleoclimatic 408 

record at Salamandre cave (Cèze Valley, a few kilometers away from Points Cave) confirms that 409 

the Younger Dryas in the region is marked by the degradation of soil activity (Drugat et al., 410 

2019). Interestingly, our U-series ages, which bracket the fire events between 14,337 ± 218 and 411 

14,094 ± 51 years and 12,661 ± 396 and 12,390 ± 544 years, match with two of these three 412 
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events of cold climate, ca. 14,150 years and 12,590 years. Moreover, the cold event observed at a 413 

maximum amplitude ca. 14,150 years, recorded within the Bølling-Allerød, is synchronous with 414 

the Older Dryas, ca. 14.1 ka (Hughen, et al., 2000) (see discussion in Genty et al., 2006; Genty, 415 

2012). We can thus conclude that the humans who produced the fires at Points Cave likely 416 

visited the cave during cold events (but sufficiently humid to allow speleothem growth), possibly 417 

the Older Dryas, and during the Younger Dryas. 418 

 419 

5. Conclusions 420 

The study of the stalagmite STM-18-04 showed that proxies such as speleothems are a 421 

significant source of information when reconstructing human occupation phases at a cave site. 422 

The combination of microscopy and spectroscopy analyses (optical microscopy, SEM, µRaman, 423 

and FTIR spectroscopy) proved to be a valuable toolset to reveal the presence of soot, which can 424 

be attributed to fire events within the cave during human occupation. At Points Cave, the analyse 425 

of STM-18-04 thus gave new insights into the human activities that took place at the entrance of 426 

the cave during the Upper Palaeolithic. Thanks to the characterisation of the soot layers and the 427 

dating of its calcite matrix, we showed that the cave was visited several times during the Upper 428 

Magdalenian and/or beginning of the Epipalaeolithic, respectively between around 14,200-429 

14,100 and 12,500 years, in agreement with 14C dating of charcoals recovered during the 430 

excavations. The comparison of our data with published regional palaeoclimatic records (Drugat 431 

et al., 2019; Genty et al., 2006) made it possible to assign these fire events, and thus human 432 

presence, to cold phases, likely the Older and Younger Dryas.  433 

Ultimately, all of this contributes to refining the overall timing, palaeoclimatic context, 434 

and recurrence times of human activities at Points Cave, during the Upper Palaeolithic. However, 435 
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the relationship between the entrance of the cave, where the fire activities took place, and the 436 

cave art, located in the depths of the cave, still needs to be investigated.  437 
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 684 

STM18-04 

 Center Area Height Halfwidth Shape 

Peak 
ID 

Shift 
(cm-1) 

Err. (cts) (%) (cts) Err. 
Rel. 
(%) 

Err 
(%) 

(cm-1) Err. %Lorz. Err. 

1 1077.5 * 1003765 6.6 8599 44 5.7 0.5 109.7 0.6 0.00 * 

2 1087.6 * 68578 0.5 8694 113 5.7 1.3 6.4 0.1 0.34 * 

3 1211.3 0.2 4450359 29.4 31195 140 20.6 0.5 134.0 0.2 0.00 * 

4 1356.0 * 22872960 151.2 120916 39 79.9 <0.1 171.0 0.3 0.11 <0.01 

5 1503.9 0.1 3762738 24.9 34831 103 23.0 0.3 101.5 0.3 0.00 * 

6 1597.0 * 15122838 100.0 151352 61 100.0 <0.1 83.2 0.0 0.32 <0.01 

7 1703.0 * 658751 4.4 10880 58 7.2 0.5 56.9 0.3 0.00 * 

8 2698.3 2.0 12923965 85.5 33096 181 21.9 0.6 366.9 2.6 0.00 * 

9 2943.4 0.9 6994966 46.3 27495 425 18.2 1.5 239.0 3.2 0.00 * 

10 3175.0 1.9 2873275 19.0 13097 160 8.7 1.2 206.1 2.6 0.00 * 

             

PBC (Pine Burned Charcoal) 

 Center Area Height Width Shape 

Peak 
ID 

Shift 
(cm-1) 

Err. (cts) 
Rel. 
(%) 

(cts) Err. 
Rel. 
(%) 

Err 
(%) 

(cm-1) Err. %Lorz. Err 

1 1077.5 * 3077136 32.0 13306 303 14.4 2.3 175.3 1.3 0.83 0.03 

2 1087.6            

3 1224.7 1.8 5133637 53.3 30817 789 33.4 2.6 156.5 1.6 0.00 0.06 

4 1356.0 * 12854727 133.5 79791 763 86.5 1.0 151.3 2.3 0.00 0.02 

5 1498.8 0.7 5496466 57.1 40297 687 43.7 1.7 128.1 3.1 0.00 * 

6 1592.6 0.2 9629756 100.0 92280 695 100.0 0.8 89.6 0.2 0.24 0.01 

7 1703.0 * 704219 7.3 9193 114 10.0 1.2 72.0 0.8 0.00 * 

8 2682.8 3.0 9994655 103.8 17679 105 19.2 0.6 535.9 3.5 0.00 * 

9 2951.2 1.4 1818503 18.9 5862 255 6.4 4.4 291.4 6.6 0.00 * 

10 3177.5 1.3 197192 2.0 2088 64 2.3 3.1 88.7 3.3 0.00 * 

Tab. S1. Curve fitting results for STM18-04 black included matter and PBC burned 

charcoal reference shown in figure 7. Relative areas and heights by reference to 1592-

1597cm-1 peak id 6. * Fixed shift and/or shape. 
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