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ABSTRACT. The Chauvet-Pont d’Arc Cave is one of the most important sites for the study of the earliest manifestations and
development of prehistoric art at the beginning of the Upper Paleolithic. Different dating techniques have been performed
thus far (AMS "C, U/Th TIMS, *Cl dating) to model the chronological framework of this decorated cave. The cave yielded
several large charcoal fragments, which enabled the opportunity for obtaining multiple dates; thus, a First Radiocarbon In-
tercomparison Program (FIP) was initiated in 2004 using three charcoal pieces. The FIP demonstrated that those cross-dated
samples belonged to a time period associated with the first human occupation. One of the statistical interests of an inter-
comparison program is to reduce the uncertainty on the sample age; thus, to further assess the accuracy of the chronological
framework, the Second Intercomparison Program (SIP) involving 10 international “C laboratories was carried out on two
pieces of charcoal found inside two hearth structures of the Galerie des Mégacéros. Each laboratory used its own pretreat-
ment and AMS facilities. In total, 21 and 22 measurements were performed, respectively, which yielded consistent results
averaging ~32 ka BP. Two strategies have currently been developed to identify statistical outliers and to deal with them; both
lead to quasi-identical calibrated combined densities. Finally, the new results were compared with those of the FIP, leading
to the important conclusion that five different samples from at least three different hearth structures give really tightened
temporal densities, associated with one short human occupation in the Galerie des Mégacéros.

INTRODUCTION

The Chauvet-Pont d’Arc Cave (Ardeche, France) was discovered on 18 December 1994 by three
speleologists, J-M Chauvet, E Brunel, and C Hillaire. The following year, the French Ministry of
Culture put out an International scientific tender, which was won by Jean Clottes’ team’s proposal,
in May 1996. Since 1998, the Chauvet-Pont d’Arc Cave and its famous paintings have been contin-
ually studied by this multidisciplinary scientific team, led by J Clottes from 1998 to 2001 (Clottes

1. Laboratoire des Sciences du Climat et de I’Environnement (LSCE/IPSL) CEA-CNRS-UVSQ (UMR 8212), Avenue de
la Terrasse, 91198, Gif-Sur-Yvette, France.

2. Centre National de la Préhistoire, Ministére de la culture et de la communication, UMR 5199 CNRS, 38 rue du 26e R.I.,

24000 Périgueux, France.

. 11 rue du Fourcat, 09000 Foix, France.

. DRAC de Rhone-Alpes, Ministére de la culture et de la communication, CREPS, 07150 Vallon Pont d’Arc, France.

5. Laboratoire de Mesure du Carbone 14, CEA-CNRS-IRD-IRSN-Ministére de la culture et de la communication, bat 450
porte 4E, 91191 Gif-Sur-Yvette, France.

6. Oxford Radiocarbon Accelerator Unit, Research Laboratory for Archaeology, University of Oxford, Dyson Perrins
Building, South Parks Road, Oxford OX1 3QY, United Kingdom.

7. Laboratory of Ion Beam Physics, ETH Ziirich, Otto-Stern-Weg 5, 8093 Zurich, Switzerland.

8. NSF Arizona AMS Laboratory, University of Arizona, Physics Building, 1118 East Fourth St., Tucson, AZ 85721, USA.

9

1

W

. Radiocarbon Dating Laboratory, University of Waikato, Gate 9, Hillcrest Road, Hamilton 3240, New Zealand.
0. Centre de datation par le carbone 14, UMR 5138 CNRS, Univ. Claude Bernard Lyon 1, 40 Boulevard Niels Bohr,
69622 Villeurbanne Cedex, France.
11. Faculty of Physics, Isotope Research and Nuclear Physics, VERA-Laboratory, University of Vienna, Waehringer
Str. 17, 1090 Vienna, Austria.
12. Center for Isotope Research, Groningen University, Nijenborgh 4, 9747 AG Groningen, the Netherlands; and Faculty
of Archaeology, Leiden University, P. O. Box 9515, 2300 RA Leiden, the Netherlands.
13. CNRS - Muséum national d’Histoire naturelle UMR 7209 “Archéozoologie, Archéobotanique: Sociétés, Pratiques et
Environnements” USM 303 - Département Ecologie et Gestion de la Biodiversité, Case postale 56 (batiment d’anatomie
comparée), 55, rue Buffon, 75231 Paris Cedex 05, France.

Proceedings of the Radiocarbon and Archaeology 7th International Symposium
Ghent, Belgium, April 2013 | Edited by Mark Van Strydonck, Philippe Crombé, and Guy De Mulder
© 2014 by the Arizona Board of Regents on behalf of the University of Arizona



834 A Quiles et al.

et al. 1995; Clottes 2001), then by J-M Geneste (2003). This team is currently undertaking research
on climatic, geomorphological, paleontological, and biological studies, as well as archaeological
rock art context studies, to get a better understanding of the well-preserved and very vivid animal
representations (engravings, red and black paintings). In order to get thorough and relevant chrono-
logical information on the Paleolithic human occupations in the Chauvet-Pont d’Arc Cave, different
dating techniques like accelerator mass spectrometry (AMS) "“C analyses of organic material (Val-
ladas et al. 2004), U/Th by TIMS on speleothems (Genty et al. 2004), and **Cl on the rock collapse at
the entrance of the cave (Sadier et al. 2012) have been carried out and a large spectrum of results is
already available. In particular, a broad set of '“C dates has been obtained on ground charcoal, wall
drawings, charcoal parietal spots, and animal bones (especially cave bear remains). Dating results
from charcoal on the ground show that the human occupation within the cave occurred during two
main periods: the first (with ~45 *C dates) ranges from 33 to 29.5 ka BP, and the second one, a
few millennia later, extends from 27 to 25 ka BP (with ~15 '“C dates) (Valladas et al. 2005). Obvi-
ously, the Chauvet-Pont d’Arc Cave is one of the most important sites for the study of the earliest
manifestations and the development of prehistoric rock art at the beginning of the European Upper
Paleolithic (Valladas et al. 2001).

Since the publication of the IntCal09 calibration curve (Reimer et al. 2009), *C dates older than
26 ka BP can be calibrated. This improvement has opened new prospects for the study of the chronol-
ogy of the Chauvet-Pont d’Arc Cave human occupations, and raised the possibility of modeling the
dates using a Bayesian approach, which significantly improves chronological precision. The cali-
bration and statistical modeling of the *C dates are presently in progress. Statistical treatment of
all the charcoal on the ground and samples from drawings linked to the first prehistoric occupation
suggests that this occupation dates from 37.4 to 33.2 ka cal BP (26) (Quiles et al. 2012).

The Chauvet-Pont d’ Arc Cave yielded archaeological remains including several large charcoal frag-
ments, which offer the valuable opportunity for obtaining multiple dates. To assess the accuracy
of the chronological framework, a First Intercomparison Program, involving six '“C laboratories,
was initiated in 2004. Successful results of this first program gave an average age of ~32 ka BP for
the three pieces of charcoal collected from one archaeological hearth structure in the Galerie des
Meégacéros (Cuzange et al. 2007). The comparison of the three samples’ calibrated combined ages
with all the ground charcoal calibrated dates shows that the cross-dated samples belonged to a time
period linked to the first occupation modeled phase, being more probably associated with the oldest
part of this occupation phase. This observation suggests two hypotheses:

1) Because those three charcoal pieces were associated with the same archacological entity, is this
observation a coincidence due to the sampling process? Or

2) Does this observation rely on archaeological evidence? It would mean that this part of the mod-
eled phase would correspond to the most probable period for the first human occupation.

In order to answer these questions, a Second Intercomparison Program was carried out for the
Chauvet-Pont d’Arc Cave in 2012, under the initiative of the Laboratoire des Sciences du Climat
et de I’Environnement and the Chauvet-Pont d’Arc scientific team. Its relevance stems from three
factors:

1) Interlaboratory comparisons involving old prehistoric charcoal pieces are rare due to the scarcity
of large specimens;

2) Dates obtained by several laboratories on a single archaeological entity make possible the statis-
tical modeling of the results and therefore reduce the associated temporal densities;
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3) The multiplication of modeled densities deduced from different archaeological entities randomly
chosen within the Chauvet-Pont d’ Arc Cave enables the building of a complex and robust model.

This Second Intercomparison Program was carried out on two pieces of charcoal found inside two
different and independent archaeological entities in the Galerie des Mégacéros; they were chosen
because of their size. They have been analyzed by the 10 independent international '“C laboratories
listed below. Each one used its own chemical pretreatment and AMS facility:

1) Laboratoire des Sciences du Climat et de I’Environnement (Gif-Sur-Yvette, France; GifA);
2) Center for Isotope Research (Groningen, the Netherlands; GrA);

3) Oxford Radiocarbon Accelerator Unit (Oxford, UK; ORAU);

4) Centre de datation par le carbone 14 (Lyon, France; Lyon);

5) Museum National d’Histoire Naturelle (Paris, France; Muse);

6) Laboratoire de Mesure du Carbone 14 (Saclay, France; SacA);

7) NSF Arizona AMS Laboratory (Tucson, USA; AA);

8) VERA Laboratory (Vienna, Austria; VERA);

9) Radiocarbon Dating Laboratory (Waikato, New Zealand; Wk);
10) Laboratory of Ion Beam Physics ETH (Zurich, Switzerland; ETH).

The relationship between the two hearth structures from which the charcoal specimens were sam-
pled and the black paintings is fundamental for the understanding of the Chauvet-Pont d’Arc Cave
occupations. As it remains a crucial issue, this point is presently being rigorously examined by the
Chauvet-Pont d’Arc scientific team and will be thoroughly discussed in a forthcoming article, which
will complement the present one. Here, we closely focus on the radiometric results of the Second
Intercomparison Program and on the way to deal with them, using the presented statistical approach.
After having analyzed the *C results, we will develop a strategy to identify statistical outliers and to
deal with them. Those new results will then be combined and compared with those of the First In-
tercomparison Program, to finally model the human occupation phase in the Galerie des Mégacéros
of the Chauvet-Pont d’Arc Cave.

MATERIALS AND METHODS

The Second Intercomparison Program was carried out on two large pieces of charcoal, GC-12-01
and GC-12-04, sampled in March 2012 from two different structures at the lower part of the Galerie
des Mégacéros (Figure 1): the first (GC-12-01) comes from a hearth structure located to the right
of the footbridge (Figure 1a); and the second, from another charcoal concentration to the left of the
footbridge, a few meters forward (Figure 1b). These two pieces of charcoal have been identified
as Pinus cf. sylestris/nigra by I Théry (CEPAM, Nice, France); they were big enough to be split
into portions weighing between 120 and 250 mg (Figure 2) and sent to the 10 laboratories involved
in this program. Each laboratory followed its own chemical pretreatment and used its own AMS
facility.

Table 1 reports the chemical protocol applied by each laboratory and the AMS facility used (col-
umns 3 and 4). The 10 laboratories carried out acid-base-acid (ABA) pretreatment even if they
have used different acid/base concentrations. The ETH, ORAU, and LSCE laboratories also tested
the more aggressive ABOX pretreatment (Bird et al. 1999; Brock et al. 2010; Hajdas et al. 2007),
using potassium dichromate in sulfuric acid without precombustion for ETH, and with a 300°C and
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Figure 1 Archaeological hearth structures in the Galerie des Figure 2 Sample GC-12-04 lifted from an ar-

Mégacéros, from which GC-12-01 (a) and GC-12-04, GC-40, chaeological hearth structure in the Galerie des
GC-41, and GC-42 (b) were sampled. ©Centre National de la Mégacéros. ©Laboratoire des Sciences du Cli-
Préhistoire, France, 2013. mat et de I’Environnement, France, 2012.

a 630°C precombustion for, respectively, LSCE and ORAU. ETH also tested replacing HCI with
sulfuric acid treatment in the second acid step (2.0M H,SO,; ETH-46133b and ETH-46134b). The
heterogeneity of the charcoal samples makes some portions more exposed than others. For instance,
for GC-12-01, ABA or ABOX treatments have been performed by nine laboratories whereas Ox-
ford had to perform a “mild acid only” (as the charcoal dissolved in the base step and no yield was
obtained despite several attempts of their routine ABA treatment); we suspect they got an exposed,
and therefore degraded, piece of charcoal. VERA laboratory also dated the humic fractions resulting
from the alkaline pretreatment of the two samples as well as the ABA-treated sample GC-12-01.
Furthermore, most laboratories performed duplicate samples that give a direct assessment of their
repeatability. The Waikato laboratory pretreated and graphitized its samples, including standards
associated with the wheel. The unknown samples and standards have then been measured at the
University of California Irvine (UCI) laboratory in a single wheel. They apply corrections based on
backgrounds and moderns whereas Waikato applied a laboratory correction based on the in-house
standards that they use to monitor their repeatability.

RESULTS

8"3C, background values, and '“C ages for each measurement are reported in Table 1, columns 5-7.
In total, 21 analyses were performed on GC-12-01 and 22 on GC-12-04, on charcoal fractions ob-
tained after at least four different chemical pretreatments (ABA, ABOX, “mild acid only,” alkaline
fraction, according to the heterogeneity of the charcoal sample) and with seven different AMS fa-
cilities. In the Gif, Groningen, Lyon, MNHN, VERA, Saclay, and Zurich laboratories, 3'*C values
were determined during the AMS measurements (they are provided with an uncertainty of ~3%o),
whereas the Oxford, Tucson, and Waikato laboratories performed measurements by mass spectrom-
etry during the combustion process (in italics in Table 1, Column 5).

GC-12-01

The 21 '"C dates performed on GC-12-01 range from 32,670 + 380 to 31,120 = 180/170 BP; 6'*C
values ranged from —25.3 to —19.5%o.. Those 21 “C ages are compatible within a 2 range (Figure 3);
they are consistent and give an average value of 31,979 & 378 BP. We note that ETH-46133-a was
performed on a small sample containing 0.3 mg of carbon; consequently, the blank correction and
uncertainty are larger than the ones obtained for the other measurements, while remaining compati-
ble with the others. Alkaline fractions were also measured (VERA-5579HS and VERA-5779HS 2)
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and are in the same ranges as those measured on the purified charcoal samples; in particular, VERA-
5779 2 (purified charcoal specimen) gave 32,158 + 276/266 BP and its alkaline fraction 31,547 +
264/255 BP (VERA-5779HS_2). Such an agreement between both fractions shows that this sample
was not contaminated by modern carbon (Batten et al. 1986).

GC-12-04

Some 22 measurements were performed by the 10 laboratories on GC-12-04; '“C ages all fall within
the 26 range (Figure 4) and extend from 32,910 = 320/280 to 29,900 + 1000 BP. The '*C values ex-
tend from —28.1 to —22.2%o. As shown in Figure 4, those 22 measurements are compatible with a 20
range and yield an average value of 32,061 + 373 BP. Sample AA 98842 seems younger but much
of the sample dissolved during the treatment and *C measurement was performed on only 0.23 mg
of carbon, thus the larger uncertainty; however, it remains compatible with remaining results within
2c. As for GC-12-01, we note that both the alkaline fraction and various pretreatment protocols lead
to compatible results, and so the GC-12-04 sample has not been contaminated.

Conclusions

In terms of chemical pretreatment, it is truly informative to observe that the four applied pretreat-
ments lead to consistent results, despite the aggressiveness gradient of different agents involved. It
allows us to conclude that no modern or extraneous carbon has contaminated those charcoal pieces
and that the classical ABA pretreatment could safely be used since the Chauvet-Pont d’Arc Cave’s
environment preserves charcoal well.

In terms of “C measurements, we observe that average values per lab for GC-12-01 and GC-12-04
are close (Table 1, column 8) and that maximal dispersion between individual measurements and
the global average value (calculated with the 21 and 22 results) is less than 3%, except AA 98842
(29,900 + 1000 BP) which is 7% (& average are reported Table 1, column 9). Thus, analytical repro-
ducibility is confirmed whatever the pretreatment protocol and AMS facility.

In term of variations in age uncertainty, we report the variability of the uncertainty o, to the uncer-
tainty’s minimum c_. obtained, for each sample (Table 1, column 10):

(0,-min(o, :0y)

00 = abs *100

O,

i

46 can grow up to 79.07% for GC-12-01 (Lyon 9299/SacA 29721) and 76.20% for GC-12-04 (AA
9842). Such variability in age uncertainty can be explained both by the fact that these ages are close
to the detection limit of the method, resulting in a poorer counting statistics, and by different esti-
mations of the variability of the background, at different laboratories.

As explained by Scott (2003), random variation makes the chance of outliers to be roughly 1/20;
that is why we expected to get 1 outlier in a set of 20 results. First, to deal with outliers, we have
manually looked for “C measurements that were not compatible with the average value with a 26
range. No such “C outlier was detected for GC-12-01 and GC-12-04. Then, we used the classical 2
test to determine if we needed or not to go further in outlier detection. These two tests failed and we
obtained for GC-12-01 a value of 48.9 (with an acceptance region of 31.4 for a significance level of
5% (31.4, 5%)), and for GC-12-04, a value of 34.1 (32.7, 5%).
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Figure 3 Radiocarbon results obtained for GC-12-01, with a 2c range. The 10 laboratories performed 21 measurements,
using their own chemical pretreatment (ABA, ABOX, “mild acid only,” alkaline fraction) and AMS facility (seven different
ones). They range from 32,670 + 380 to 31,120 + 180/170 BP with an average value of 31,979 + 378 BP; all are compatible
with a 26 range. Note that the large uncertainly of one ETH analysis is due to the small amount of C used (see text).

INTERPRETATION

Outlier Detection-Combined Results

14C ages were calibrated using the OxCal v 4.2 software (Bronk Ramsey 2009a) and the IntCal09
calibration curve (Reimer et al. 2009). To perform a more objective rejection, we applied Bayesian
statistical methods to identify outliers in a model averaging approach. The level at which we have
to reject or not samples requires analyzing the representativeness of the dated samples related to the
timing of the event to which they refer. Usually, random variation of the method as well as variabil-
ity of the samples’ representativeness make the measurements likely to be spurious. Nonetheless, in
our case, the two sets of measurements come from two independent pieces of charcoal (GC-12-01
and GC-12-04), so we consider that all measurements performed on the same charcoal specimen
are necessarily of the same age. In this case, to identify outliers, we do not have to deal with the
samples’ representativeness related to a precise archaeological event. The only difficulty would be
in individual *C measurements, which might be at fault.

GC-12-01

We first performed an outlier test of type “s” using OxCal v 4.2 (Bronk Ramsey 2009b), and we
chose a normal distribution law as Outlier Model: “SSimple”,N(0,2),0, “s”. We postulated for all
samples a 5% a priori probability of how likely these individual measurements are to be spurious,
in view of the 1/20 chance to be outliers due to random variation of the method. Then, we combined
the 21 dates to get a unique age density (Figure 5a). This weighted outlier strategy (WOS) allows
for down-weighting those measurements with lower acceptance criteria that are the least consistent.
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Figure 4 '"C results obtained for GC-12-04, with a 2o range. The 10 laboratories performed 22 measurements, using their

own chemical pretreatment (ABA, ABOX, alkaline fraction) and AMS facility (seven different ones). They range from

32,910 £ 320/280 to 29,900 + 1000 BP, with an average value of 32,061 + 373 BP. Note that the large uncertainty of the AA
analysis is due to the small amount of C used (see text).

Thereby, the deduced combined age remains more influenced by densities associated with a weak
outlier probability than to ones reaching the highest probabilities to be outliers. A posteriori outlier
probabilities calculated for each measurement are reported in Table 1, column 11. We observe that
Lyon-8930 is rejected with an a posteriori outlier probability of 100%, and the deduced R_Combine
age is 31,843 + 67 BP (36,782-36,278 cal BP, 20).

Secondly, we tested a rejected outlier strategy (ROS) to model our results by excluding one after
the other those samples that get the highest a posteriori probability to be outliers. Then, we ran the
model until obtaining a validated model that passed the y? test. For GC-12-01, this outlier test is
validated (24.2(5% 28.9)) if Lyon-8930 and ETH_46133Db are rejected. In that case, the R_Combine
age is 32,003 + 76 BP (36,766-36,324 cal BP, 20).

GC-12-04

We performed the same outlier tests on GC-12-04 measurements (Figure 5b). Using the WOS, we
weighted the measurements with an a priori outlier probability of 5% for each of them and combined
the 22 measurements. 4 posteriori outlier probabilities obtained so far are summarized in Table 1,
column 11. As a result, the model calculated a R_Combine age of 32,078 = 68 BP (36,767-36,325
cal BP, 95.4%). Using the ROS, only GrA 53610 was rejected and the resulting model passes the
¥ test (26.1 (31.4, 5%)); the R_Combine age is 32,033 + 69 BP (36,776-36,346 cal BP, 95.4%).
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Figure 5 Outlier tests (
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abilities are reported in Table 1. This model calculates a
combined age density by sample.
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Modeling of the First Intercomparison Results

The new combined results for GC-12-01 and GC-12-04 might now be compared with the three pre-
vious ones GC-40, GC-41, and GC-42, obtained from the First Intercomparison Program. They had
been sampled in an archaeological entity in the Galerie des Mégacéros (Figure 1b, Cuzange et al.
2007). Since publication of the first program’s results, new measurements were performed on those
three samples by both the LSCE and LMC14 laboratories. These additional results are reported in
Table 2. They were integrated in the statistical analyses and finally, respectively, 16, 15, and 11
analyses have been carried out on GC-40, GC-41, and GC-42. Figure 6 reports the “C ages obtained
for GC-40 (in blue), GC-41 (in red), and GC-42 (in blue). The three average values are, respectively,
32,034 + 324, 31,580 + 297, and 31,802 + 335 BP. GrA 27040 (GC-40), GrA 27316 (GC-41), and
GrA 27052 (GC-42) are not consistent with the average value within 2 and are clearly outliers, so
they were rejected from the modeling. As previously, the two same outlier tests (WOS and ROS)
have been performed on those three sets of results, in order to compare them to the GC-12-01 and
GC-12-04 results.

For GC-40, the WOS leads to the a posteriori outlier probabilities reported in Table 2, column 10.
GrA 27646 gives an a posteriori probability of 100%, and six samples obtained a value higher than
5%. The deduced R_Combine age is 32,087 + 69 BP (36,877-36,420 cal BP, 95.4%). Following
the ROS, GrA 27046 has to be rejected to find a validated model that passes the y? test; the deduced
R_Combine age is 32,156 + 72 BP (36,866-36,429 cal BP, 95.4%).

Results for GC-41 and GC-42 are gathered in Table 2. WOS leads to a R_Combine age of 31,828
+ 70 BP (36,724-35,719 cal BP, 95.4%) for GC-41 and 31,832 + 81 BP (36,641-35,599 cal BP,
95.4%) for GC-42. ROS leads to exclude GifA 70055 and to compute a R_Combine age of 31,875
+ 72 BP (36,700-35,705 cal BP, 95.4%) for GC-41. For GC-42, OxA 13976 has to be excluded;
the R_Combine age is 31,782 + 97 BP (36,652-35,610 cal BP, 95.4%). We note that GC-41 is very
close to passing the y? test (21.787 (21.0, 5%)), and we prefer to conserve a set of 13 values rather
than rejecting one more value. The y? test is validated for GC-42.

Modeled Results

To set up a model and to test its robustness, we can compare the results obtained from both outlier
strategies (Table 3). An average difference of —36 '“C yr is calculated between the two combined
14C ages deduced respectively from WOS and ROS calculations. To investigate if this offset could
be significant, we calibrated the deduced combined densities obtained from the WOS and ROS tests.
The calibrated densities are summarized in Table 3 and Figure 7 (WOS densities in green and ROS
ones in red) and we deduce that both WOS and ROS strategies lead to two quasi-identical densities,
despite the offset between the combined '“C ages. This means that whatever the strategy, the com-
bined calendar densities are the same, which demonstrates the robustness of the modeling. As we
had no chemical or physical arguments for rejecting samples, we decided to use the results of the
WOS to model our dates.

On average, '*C results so far obtained for the Chauvet-Pont d’Arc Cave are given with an uncertain-
ty of at least 150 “C yr, which can grow up to 500 *C yr, according to the scarcity of the sample,
its weight, etc. (Valladas et al. 2005). The statistical interest of an intercomparison program is in
particular to substantially reduce the uncertainty on the sample age. By getting ~20 measurements
per sample, we succeeded in reducing the uncertainty on the “C density to ~70 '“C yr. Thus, this
model shows that each time we performed multiple measurements on the same sample, we obtained
an average “C age close to 32 ka BP, with a reduced uncertainty.
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Figure 6 '“C ages obtained for GC-40 (blue), GC-41 (red) and GC-42 (green), with a 20
range (First Intercomparison Program, Cuzange et al. 2007). The three average ages are
respectively set to 32,034 + 324, 31,580 + 297, and 31,802 + 335 BP; one measurement per
sample is not compatible with this average value with a 2¢ range.

OxCal v4.2.3 Bronk Ramsey (2013); r:5 IntCal13 (Reimer et al 2013)
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Figure 7 Comparison of calibrated combined densities deduced from the WOS (in green) and the
ROS (in red) statistical methods used to deal with outliers. Both WOS and ROS strategies lead to
two quasi-identical temporal densities despite the offset between combined “C ages.
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xCal v4.2.3 Bronk Ramsey (2013); 15

IntCal09 atmospheric curve (Reimer et al 2009)

33000

32500

[R_Combine GC40 [A:113 C:100]

[ R_Combine GC-12-04 [A:109 C:100]
32000 [ 3 <
FR_Combine GC-12-01 [A:115 C:100]
[R_Combine GC41 [A:117 C:100] N
[ R_Combine GC42 [A:125 C:100]

31500 [~

Radiocarbon determination (BP)

31000 [~

bl b b b b b bl

37200 37000 36800 36600 36400 36200 36000 35800

Modelled date (BP)

Figure 8 The five combined temporal densities deduced from the two intercomparison programs
are linked before the plateau age of the calibration curve (First Intercomparison Program in yellow,
Second Intercomparison Program in green). They give a calendar age focused on 36.5 ka cal BP. The
five densities are associated with a human activity that occurred in the Galerie des Mégacéros and
was associated with the first human occupation. This occupation phase, sequenced with an older and
a younger boundary, occurred sometime between 36.8 and 36.2 ka cal BP (20).

As aresult, it is truly informative to observe that five different samples from at least three different
and independent hearth structures give very similar results. They are associated with one human
occupation in the Galerie des Mégacéros. In order to model this occupation phase, we gathered
these five combined densities in a phase, which was sequenced with an older and a younger bound-
ary (boundary Start and boundary End) (Bronk Ramsey 2009a). Figure 8 shows the five WOS
combined densities obtained on the calibration curve; they are perfectly consistent. The Boundary
Start modeled an age extending from 36.8 to 36.4 ka cal BP (20) and the Boundary End from 36.6
to 36.2 ka cal BP (20) (Figure 8). These two modeled intervals are clearly consistent. Note that this
model integrates a set of 85 “C dates. This leads to the conclusion that human activity occurred in
the Galerie des Mégacéros of the Chauvet-Pont d’Arc Cave between 36.8 and 36.2 ka cal BP (20),
linked with the first human occupation.

CONCLUSION

This article reports the results of the Second Intercomparison Program for the Chauvet-Pont d’Arc
Cave. Two large charcoal specimens from two independent archacological hearth structures, sam-
pled in the Galerie des Mégacéros, have been independently dated by 10 laboratories. GC-12-01
resulted in 21 measurements, whereas 22 analyses were performed on GC-12-04. Those two sets
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of "C dates are consistent. Both average values are close to 32 ka BP and reach the same average
uncertainty (~300 "“C yr). In terms of average "“C measurements, they are close with a maximum
dispersion of 3%. Therefore, analysis reproducibility is confirmed, whatever the pretreatment pro-
tocol and facility used.

To deal with outliers, we tested two different ways to model the rejection of samples. First, we
manually rejected '*C measurements that were not consistent with the average value within a 2¢
range. Then, we used the OxCal Outlier detection model SSimple to identify the outliers. Using
the weighted outlier strategy (WOS), we weighted the probability to be an outlier by giving to
each measurement an offset in proportion to how likely the sample seemed to be an outlier. Using
the rejected outlier strategy (ROS), spurious results getting the highest outliers probabilities were
removed manually, one after the other, and the model was rerun until getting a model that validated
the ? test. We finally deduced one R_Combine density for each strategy and sample. Calibration of
these previous densities has shown that these two methods of dealing with outliers lead to the same
combined calendar densities.

The intercomparison programs allow for substantial reduction of the uncertainty in the *C density,
and, thus, the calendar range. Results of this Second Intercomparison Program were compared to
those of the previous program. The five combined ages show that every time we succeed in reducing
the age uncertainty, we obtain combined '“C densities linked on the calibration curve and close to
32 ka BP. Then, as those five calendar densities (which include 85 'C dates) are deduced from the
analyses of five different pieces of charcoal coming from three different archaeological entities, it
appears reasonable to consider that those densities are associated with a human activity that oc-
curred in the Galerie des Mégacéros sometime between 36.8 and 36.2 ka cal BP (25) and linked to
the first prehistoric occupation within the cave.
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