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10  Abstract

11

12  Recent fossil discoveries suggest that Neandertals and Homo sapiens may have co-existed in Europe
13  for aslong asfiveto six thousand years. Y et, evidence for their contemporaneity at any regional scale
14 remains elusive. In France and northern Spain, a region which features some of the latest directly-
15  dated Neandertals in Europe, Protoaurignacian assemblages attributed to Homo sapiens appear to
16  ‘replace’ Neandertal-associated Chételperronian assemblages. Using the earliest and latest known
17  occurrences as darting points, Bayesian modelling has provided some indication that these
18  occupations may in fact have been partly contemporaneous. The reality, however, is that we are
19  unlikely to ever identify the *first’ or ‘last’ appearance of a species or cultura tradition in the
20  archaeological and fossil record. Here, we use optimal linear estimation modelling to estimate the first
21  appearance date of Homo sapiens and the extinction date of Neandertals in France and northern Spain
22 by satigtically inferring these ‘missing’ portions of the Protoaurignacian and Chételperronian
23 archaeological records. Additionally, we estimate the extinction date of Neandertals in this region
24 using aset of directly-dated Neandertal fossil remains. The results suggest that the onset of the Homo
25 sapiens occupation of this region likely preceded the extinction of Neandertals and the
26  Chatelperronian by up to 1400-2900 years — raising the possibility of an extended co-existence of
27  these groups during the initial Upper Palaeolithic of this region. Whether or not this co-exisence

28  featured some form of direct interaction, however, remains to be resolved.
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29

30 Introduction

31

32  Between 50 and 40 thousand years ago (kya cal BP), the demographic landscape of Europe is
33  transformed as Neandertals are replaced by anatomically modern humans (AMH) and disappear from
34 the fossil record . Recent evidence from Bulgaria and the Czech Republic indicates that the first
35  AMH arrived in Europe by at least 47-45 kya cal BP >™. At a continental scale, this would suggest a
36 potential overlap of five to six thousand years between these human species °. Yet, little is known
37  about the nature, timing, and geographic areas of interaction between Neandertals and Homo sapiens
38  during thiscritical period in human evolutionary history.

39

40  Archeeologically, the first part of this period — the Middle to Upper Palaeolithic transition — is
41  characterised by so-called ‘Initial Upper Palaeolithic’ assemblages (e.g. Bacho Kiro, Temnata Dupka)
42  andisincreasingly interpreted as representing an initial, possibly unsuccessful migration of AMH into
43 Europe occurring around 47-44 kya cal BP *>®, The term ‘unsuccessful’ has been used as these initial
44 groups appear to have left no visible genetic contributions to subsequent populations in Europe 3°.
45  The onset of the Aurignacian techno-complex (sensu lato) across Europe at around 42 kya cal BP is
46  widely accepted as reflecting a second, more successful migration of AMH groups into Europe’'s
47  western extensions, and may signal the first major phase of European colonisation by our species *”.
48  In many regions, Protoaurignacian and Early Aurignacian assemblages appear to rapidly replace so-
49 cdled ‘transitional’ stone tool industries (e.g. Uluzzian, Chételperronian, Lincombian-Ranisian-
50  Jerzmanowician), some of which are considered to be products of Neandertals. Interestingly, genetic
51  research indicates there to be significant variation in Neandertal ancestry for the earlies AMHs in

52  Europe *%%°

and — athough sample sizes are limited — it is revealing that no late European
53  Neandertals have yet exhibited evidence of a recent modern human ancestor *°. One possible
54  explanation for this pattern is that, at least in some regions, AMHs Europe may not have directly

55 encountered Neandertals.

56
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57 At present, the Chételperronian stone tool industry of France and northern Spain shows the strongest
58  association between a ‘transitional’ industry and Neandertal fossil remains. Despite the continued use
59  of the ‘transitiona’ moniker, however, it is now understood that this industry represents a fully

115 Neandertal remains have been recovered from

60 ‘Upper Palaeolithic’ technological entity
61  dstratigraphic layers containing Chételperronian artefacts at the two key French sites of Saint-Césaire
62  and Grotte du Renne '**°. However, the validity of these associations is debated, and consensus
63  regarding both the makers of this industry and the reliability of the Neandertal associations is not
64  unanimous ""*"*. The other two French Neandertal specimens recovered from this period lack clear
65  Chételperronian associations (Les Cottés Z4-1514, La Ferrassie LF8), but have been directly-dated to
66  between 43 and 40 kya cal BP %, This is comfortably within the accepted chronological distribution
67  of the Chételperronian industry and overlaps substantially with the Saint Cesaire and Grotte du Renne
68  Neandertals 2!, Despite ongoing discussions, a Neandertal-attribution for Chételperronian
69  assemblages remainsthe most parsimonious and well-accepted model.

70

71  Technologica similarities between some Chételperronian and Protoaurignacian assemblages (i.e.
72 blade and bladelet-based lithic technology, bone tools, and personal ornaments) **#8%5% has |ed to
73 discussion concerning the potential interactions between Homo sapiens and Neandertals in this region
74  prior to the latter's disappearance around 40 kya cal BP 31418270 \ogt notably, it has been
75  proposed that the ‘Upper Palaeolithic’ character of Neanderthal Chétel perronian assemblages reflects
76  the influence of allochthonous AMHs producing Protoaurignacian assemblages. However, whenever
77  these two lithic indudtries are identified at the same site, Protoaurignacian assemblages are always
78  located stratigraphically above Chatelperronian assemblages 3. In combination with chronological
79  data suggesting an earlier ‘start’ date for the Chételperronian, models which posit an Aurignacian
80 influence as a causal mechanism for the emergence of the Chételperronian appear to be presently
81  unfounded. This does not, however, preclude the partial contemporaneity of these occupations at
82 some point in time. In fact, Bayesian modelling of radiocarbon ages for Protoaurignacian and
83  Chatelperronian assemblages in this region has already indicated that these occupations may have co-

84  existed for upwards of 1600 years *.
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85
86  From a methodological perspective, two recent developments in the dating of archaeological
87  phenomenaare relevant to these discussions. The first concerns improvements to the calibration curve
88  used to convert C14 measurements into reliable calendar dates *. The recently operationalised
89  IntCal20 radiocarbon calibration curve has significant implications for the chronology of the initial
90  stages of the Upper Palaeolithic in Europe *. Specifically, the identification of a radiocarbon time-
91  dilation during the 48 to 40 kya cal BP time window — during which the radiocarbon clock appears to
92  haverun amost twice asfast asit should - has led to the suggestion that the European transition from
93  Neandertalsto AMH may have been a more compressed process which took place slightly earlier than
94  previoudy thought (Fig. 1) (ibid.). This expanded C14 time scale was not accounted for in former
95 calibration curves, and is thought to be related to a significant rise in atmospheric **C production (on
96 the order of as much as a 700% increase) linked to the transition into the Laschamp geomagnetic
97  excursion, which reached its peak around 43-41 kya cal BP *.
98
99 (INSERT FIGURE 1 HERE)
100
101  The second methodological development isthe recent introduction of optimal linear estimation (OLE)
102  modelling to archaeology from palaeontological and conservation sciences *. OLE is a frequentist
103  modelling approach that can reconstruct the full chronology of cultural and biological phenomena by
104  datidtically inferring origin (‘origination’) and end (‘extinction’) dates. Unlike traditional estimates
105  which often use the earliest or latest known dated artefacts/fossils as a start or end point, OLE is able
106  to infer how much longer a phenomenon is likely to have persisted prior to, or after, these known
107  occurrences. In general terms, this method is underpinned by the assumption that we rarely, if ever,
108  find the ‘first’ or ‘last’ occurrence of a species, artefact, or cultural tradition *** Meaning that the
109  earliest and latest instances of a given archaeological (or fossil) phenomenon are unlikely to ever be
110  discovered and dated. OLE addresses this issue by using the temporal spacing of known artefact

111  discoveriesto statistically estimate the portion of the archaeological record that has not yet been, or is
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112 not able to be, discovered **. In turn, providing a more accurate account of a phenomenon’s
113  temporal presence.

114

115  These developments have potential to improve our understanding concerning the timing of the bio-
116  cultura transformations characterising the Middle to Upper Palaeolithic transition, and western
117  Europe serves as an ideal case study for their integration into discussions concerning the potential
118 regiona co-existence of Neandertals and AMHs. Of particular relevance is France and northern
119  Spain, aregion which features four Neandertal fossils directly-dated to between 44 and 40 kya cal BP
120  10%032 numerous well-studied and reliably dated Chatelperronian assemblages associated with late
121 Neanderthals “***** and some of the earliest well-dated AMH-attributed Protoaurignacian contexts
122 within western Europe *.

123

124  Dueto the sparsity of human fossil remains for this period, to address whether or not Neandertals and
125 AMHs may have co-existed in any given region of Europe it is also necessary to evaluate whether the
126  proxies used to define these groups in the archaeological record (assemblages, industries, techno-
127  complexes etc.) can be considered geographically and temporally contemporaneous “. Here, we use
128  the recently operationalised IntCal20 calibration curve to recalibrate a large selection of Cl14
129  determinations for Chételperronian assemblages, Protoaurignacian assemblages, and directly-dated
130 late Neandertals from France, northern Spain, and Belgium. Then, we analyse these data using OLE
131  modelling to statistically infer the appearance date of anatomically modern humans and the extinction
132  date of Neandertals in this region. Finally, we compare the results of this approach with Bayesian
133 models which rely on known dated occurrences as ‘start’ or ‘end’ points. By doing so, we provide a
134  novel, testable hypothesis for the duration of overlap between Neandertals and Homo sapiensiin this
135  key region of western Europe.

136

137 Results

138
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139  The dataset consists of 56 uncalibrated radiocarbon age determinations from Chételperronian and
140  Protoaurignacian assemblages (n=28 and 28) from seven and ten archaeological sites, respectively.
141  Collectively, covering northern Spain and south-west, central and Mediterranean France
142  (Supplementary Table Sl1, Supplementary Fig. Sl1). In addition, to examine the temporal
143 relationship of Neandertal fossils with these assemblages, we included al available radiocarbon
144  estimations from directly-dated late (< 50 kya cal BP) Neandertal specimens within the surrounding
145  region (France n=4, Belgium n=6, total n=10) (Supplementary Table S1). In total, 66 radiocarbon
146  age determinations from 18 discrete, well-established archaeological sites are represented within the
147  dataset (Supplementary Table S1). A detailed summary of the samples used here and the OxCal
148  scripts used in the analysis, along with all accompanying information, is made available in full
149  (Supplementary Dataset S1, Supplementary Fig. S8).
150
151  Chrono-spatial patterning of known Chéatelperronian, Protoaurignacian, and directly-dated
152  Neandertal occurrencesin the region
153
154  The plots summarising the digtribution of the aggregated IntCal20 calibrated radiocarbon ages (at
155  95.4% confidence) for the Chatelperronian, Protoaurignacian, and directly-dated Neandertal datasets
156  areillustrated in Fig. 2 — including Bayesian start/end dates produced using the same datasets. The
157  probability digtributions show clear overlap between all three categories. Based on the aggregated
158  datasets (Supplementary Dataset S1, Supplementary Figs. S2-$4), Bayesian modelling suggests a
159  dtart date for to Chéatelperronian between 45,343 and 44,248 kya cal BP, and an end date between
160 41,081 and 40,138 kya cal BP. The dataset for the regional Protoaurignacian produces a modelled
161  dtart date between 42,873 and 41,747 kya cal BP, and an end date between 39,197 and 38,087 kya cal
162  BP. For the directly-dated Neandertal dataset, the modelled end date for Neandertal presence in this
163  region is predicted to have occurred between 41,757 and 39,859 kya cal BP. Taken together, the
164  chronological data for the regional Protoaurignacian, Chatelperronian, and directly-dated Neandertals
165 show a partial overlap. For example, calibrated age ranges produced for the Protoaurignacian
166  assemblages at Isturitz (n=4), Labeko Koba (n=2), Gatzarria (n=1), Esquicho-Grapaou (n=1), and
6
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167  L’Arbreda (n=4) overlap either entirely or near-entirely with three directly-dated Neandertals from
168  France — Saint-Césaire (42206-39960 ca BP, IntCal20), La Ferrassie (LF8, 41696-40827 cal BP,
169  IntCal20), and Grotte du Renne (AR-14, 42370-40778, IntCal 20).

170

171 (INSERT FIGURE 2 HERE)

172

173  Interms of which sites are accounting for this overlap, for the Protoaurignacian sites the calibrated
174  age ranges with the oldest potential ages derive from: Isturitz (OxA-X-2694-17, OxA-23435, OXA-
175 23436, OxA-23434), Labeko Kaoba (OxA-21766, OxA-X-2314-43), Gatzarria (OxA-22554),
176  Esquicho-Grapaou (OxA-21716), and L’Arbreda (OxA-21784, OxA-21665, OxA-21664)
177  (Supplementary Fig. $4) — forming a coherent geographic cluster at the southern limit of the study
178  region (Fig. 3, a-f). This pattern suggests that the early stages of the first modern human settlement of
179  this region likely followed a south-north pattern of occupation — with the Protoaurignacian
180  progressively appearing further north and replacing the Chételperronian in stratigraphic sequences
181  (Fig. 3,d-f).

182

183  (INSERT FIGURE 3 HERE)

184

185  Using OLE modelling to infer the ‘emergence’ time of the Protoaurignacian and the ‘extinction’ time
186  of the Chételperronian and Neandertalsin theregion

187

188 We had three objectives, with each requiring its own OLE model and respective sample (see

189  ‘Methods’):

190

191 1) Estimating the emergence date of the Protoaurignacian in France and northern Spain. The
192 nine oldest Protoaurignacian dates from nine discrete archaeological sites are entered into this
193 OLE model (Supplementary Table S2, Supplementary Fig. S7) which isrun in the reverse
194 temporal direction.
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195

196 1) Edtimating the end date of the Chéatelperronian in France and northern Spain. The eight
197 youngest Chételperronian dates from seven discrete archaeological sites are entered into this
198 OLE model (Supplementary Table S3, Supplementary Fig. S6) which isrun in the forward
199 temporal direction.

200

201 2) Estimating the extinction date of regional Neandertals. Ten direct dates of late Neandertal
202 individuals from France (n=4) and Belgium (n=6) are entered into this OLE model which is
203 run in the forward temporal direction (Supplementary Table $4, Supplementary Fig. S5).
204

205 OLE modelling infers the Protoaurignacian to have likely emerged in France and northern Spain by
206 42,269 to 42,653 years cal BP. The upper bound of this To date range is defined by the resampling
207  technique, while the lower uses the central tendency (mean) dates derived from the C14 date range.
208  Asexplained earlier, we consider the resampling estimates to better account for the range uncertainly
209  inherent to C14 dating. T dates, beyond which the Protoaurignacian only has a 5% chance of
210  preceding this point, provide a bracket of 43,394 — 44,172 years cal BP. Upper and lower bounds
211  were again defined by the resampling technique and central tendency dates (respectively). OLE
212  modelling estimates the Chételperronian to have disappeared by 39,894 to 39,798 years cal BP. The
213  upper bound of this To date range is defined by the resampling technique, while the lower uses the
214  central tendency (mean) dates. T¢, dates, beyond which the Chételperronian only has a 5% chance of
215  following this point, provide a bracket of 37,838 - 37,572 years cal BP. Again, upper and lower
216  bounds were defined by the resampling and central tendency dates respectively. OLE modelling infers
217  the localised extinction of Neandertals in France and Belgium to have occurred between 40,870 to
218 40,457 years cal BP. The upper bound of this Tg date range is defined by the resampling technique,
219  while the lower uses the central tendency (mean) dates. T dates, beyond which Neandertals only
220  have a 5% chance of following this point, provide a bracket of 39,688 to 38,752 years cal BP - with
221  the upper and lower bounds again defined by the resampling and central tendency techniques,

222 respectively. Across all OLE models, the resampling approach extended temporal ranges by several
8
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223 hundred years compared to the central tendency (mean) based estimates. The results of the 10,000
224 resampling iterations for each model are illustrated in Fig. 4 and the raw data is available in full
225  (Supplementary Data S2). Combined, OLE modelling suggests the Protoaurignacian to have
226  emerged around 1399 — 2196 and 2375 — 2855 years before Neandertals and the Chételperronian
227  industry (respectively) disappeared from the region.

228

229 (INSERT FIGURE 4 HERE)

230

231 Discusson

232

233  Based on OLE modelling of their respective ‘origination’ and ‘extinction’ dates, the Protoaurignacian
234 potentially appeared around 1400 — 2900 years before Neandertals and the Chételperronian industry
235  disappeared from France and northern Spain. These results raise the possibility of an extended period
236  of co-exigence between AMH and Neandertals in this region. Additionally, and as has been
237  previously suggested, the chronological overlap between these occurrences appears to be
238  geographically dsructured. The oldest calibrated age ranges from well-dated Protoaurignacian
239  assemblages initially form a cluster at the southern and northern limits of France and Spain
240  respectively, overlapping with dates produced for Chétel perronian assemblages in the central-northern
241  parts of France. This suggests that the chronological overlap may have been geographically
242 dtructured, with the Protoaurignacian following a south to north pattern of appearance. Moreover,
243 based on OLE egdtimates produced using directly-dated Neandertal fossil remains, the onset of the
244 regional Protoaurignacian is modelled to have preceded the extinction of Neandertalsin thisregion by
245  upwards of 2200 years.

246

247  These results are perhaps not surprising given the nature of probability ranges for calibrated
248  radiocarbon determinations produced for this period — which is temporally situated near the upper
249  acceptable limit of radiocarbon dating (circa 50 kya) . However, the fact that the OLE ‘extinction’

250 and ‘emergence’ estimates produced here do not go far beyond the ranges identified in the calibrated

9
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251  radiocarbon dates themselves is notable, and is directly related to the temporal spacings observed for
252  each of the occurrences. In each case the latest/oldest series of dates for each category
253  (Protoaurignacian, Chételperronian, Neandertal) reflect a narrow temporal band with little variation
254  and inter-date spacing (ie., the dates are chronologically close), after which no additional dated
255  occurrences are known. This has two potential implications. Firgtly, that the oldest and/or youngest
256  dates for each industry are likely close to the true emergence and/or extinction date of that industry **.
257  Secondly, and relatedly, the true emergence and/or extinction dates may in some cases be dightly
258 more conservative than the upper limits of the oldest and/or youngest calibrated dates themselves.
259  Thisis perhaps particularly relevant for the Chételperronian, which is widely acknowledged as largely
260  reflecting relatively ephemeral and short-lived occupations ** — with the exception of some notable
261  examples™*.

262

263  Of course, there are limitations in this analysis which require consideration. The most obvious
264  concerns the sample size of archaeological sites included in this work — which was dictated by the
265  decision to employ strict, conservative sampling requirements for the radiocarbon datasets. And while
266  we acknowledge that the sample considered here reflects only a portion of known Chételperronian
267 and Protoaurignacian occurrences within this region, it does cover their known geographic
268  distribution. Moreover, OLE works best with limited datasets, such as this. A second potential
269 limitation concerns the radiocarbon determinations themselves. Any model is, of course, only as
270  reliable as the data entered into it. The assumption taken here is that the age ranges entered into the
271  models reflect meaningful datapoints for the chronological presence of these occurrences. This, in
272 time, may change as the duration of these indudtries is increasingly refined. At present however there
273  isno clear evidence to doubt the reliability of the radiocarbon determinations used in this study, but
274  future work may necessitate the revision of this model as more sites are dated - or re-dated - and
275  further methodological advancements are made.

276

277  From an archaeological perspective, of relevance to these results is the acknowledged presence of

278 bladelet technologies, osseus artefacts, and personal ornaments within a growing number of

10
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279  Chételperronian and Protoaurignacian contexts. Unanimously seen as a trademark of the
280  Protoaurignacian techno-complex (with the laterally retouched Dufour bladelet [sub-type Dufour]
281 fossile directeur commonly constituting a substantial portion of Protoaurignacian assemblages),

282  evidence for some form of intentional bladelet production and/or modification within the

12,15,48 14,40,48—

283  Chételperronian has now been reported from at least four open-air sites and six cave sites
284  °'. To what extent (if any) these similarities represent some form of connection between these
285 indudries remains unclear, but the potential contemporaneity of the groups producing these
286  assemblagesiscertainly of relevance.

287

288  Of course, the results presented here do not aid in answering the question of which human group(s)
289  were responsible for producing these industries, but the temporal and geographic proximity of
290  directly-dated Neandertal remains to both Chételperronian and AMH-attributed Protoaurignacian
291  assemblages in the region is — in the current state of knowledge — difficult to overlook. With this
292  being said, the recent chronological re-evaluation of late-dating Belgian Neandertals has convincingly
293  demonstrated that they are likely substantially older than previously thought (Fig. 5) *2. With this
294  development, the Neandertals from France included in this study are now among the latest directly-
295  dated Neandertalsidentified throughout the inferred geographic distribution of this human group. This
296  raises an important consideration: it is possible that future work employing emerging radiocarbon
297  dating techniques designed to further mitigate anthropogenic and/or natural contamination issues (e.g.
298  Compound Specific Radiocarbon Analysis) may, in time, either confirm or revise their currently
299  accepted ages.

300

301 (INSERT FIGURE 5 HERE)

302

303 Regardless, considering the rapidly evolving understanding of the European demographic landscape

3468 it is clear that more work is

304  preceding the onset of the Aurignacian techno-complex sensu lato
305 needed to evaluate the biological identity and the cultural connections, if any, between the makers of

306 archaeological industries across the European landmass during this period. However, at present, the

11
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307 only hominin speciesto as of yet be securely associated with Chételperronian assemblages, based on
308 both morphological and genetic evidence, is Neandertals. For the Protoaurignacian, the case is
309 reversed — with the only published hominin association in a Protoaurignacian context being two
310  deciduous teeth from Riparo Bombrini and Grotta di Fumane caves in Italy which have been
311  attributed as Homo sapiens based on morphological criteria and mitochondrial DNA, respectively >3.
312  Withthis said, at present, the reality is that most Protoaurignacian assemblages are serving simply as
313  well-accepted proxies for the presence of Homo sapiens — but the validity of this unilateral association
314 s, in the current state of evidence, far from certain. In fact, in many ways the same can be said for
315  Chételperronian assemblages and their unilateral association with Neandertals %>, With specific
316 reference to the ongoing proliferation of paleogenetic research (including sedimentary aDNA
317 analysis) and the enormous increase in efficiency for Zooarchaeology by Mass Spectrometry
318  (ZooMS), future work will undoubtedly shed new light on the biological makers of these industries.
319

320 Inasmilar vein, the ‘origins of the Chételperronian industry remains an open question — but it is
321  becoming increasingly evident that models which posit an Aurignacian influence as a causal
322  mechanism for the emergence of the Chételperronian are chronologically and stratigraphically
323  unfounded. The onset of the Chételperronian, in the current state of knowledge, appearsto clearly pre-
324  date the appearance of the Protoaurignacian - both regionally and at a European scale. However, the
325  gspatio-temporal overlap of these assemblages in France and northern Spain — and their potential
326  overlap with multiple directly-dated Neandertals from the region - lend credence to the idea that the
327  early gages of the Upper Palaeolithic in this region may have involved the proximal co-existence of
328  different human groups, likely irrespective of their biological classification.

329

330 Concluson

331

332  Optimal linear egtimation modelling predicts the appearance of Homo sapiens and the
333  Protoaurignacian in France and northern Spain by 42,269 to 42,653 years cal BP, and the ‘ extinction’

334  of the Chételperronian and regional Neandertals by 39,894 to 39,798 and 40,870 to 40,457
12
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335  respectively — suggesting a possible overlap of around 1400 to 2800 years between these human
336  groupsin the region. In addition, this chronological overlap appears to be geographically structured,
337  with the Protoaurignacian following a south to north pattern of appearance. Taken together, these
338 observations strengthen the proposition that the initial Upper Palaeolithic in this region likely
339 involved the extended co-existence of Neandertals and Homo sapiens. the precise nature of this co-
340 existence, however, remainsto be resolved.

341

342  Methods

343

344  Steand sample selection

345

346  The lack of adequate pre-trestment procedures for many of the radiocarbon age determinations
347  produced prior to the 2000s has led some to suggest that many, if not all, of these early dates should
348 be considered unreliable °. As a result, and in line with this proposition, we took a conservative
349  approach to the site and sample selection for this study. Only modern (year 2000 onwards)
350 radiocarbon dates produced on a) anthropogenically modified or unmodified bone samples, b) tooth
351 samples, and c¢) antler samples were included. In addition, all samples were prepared using the
352  ultrafiltration pre-treatment protocol > and all age determinations except for five directly-dated
353 Belgian Neandertals — dated using compound specific radiocarbon anaysis (CSRA) of
354  hydroxyproline (HYP) ** — were produced using the AMS radiocarbon dating method *. To further
355 ensure the quality of the dataset, all samples included here have reported and fulfilled the
356  requirements of well-accepted collagen quality control measures (C:N ratios, %C, %N, % of collagen,
357  d13C, and d15N) considered necessary to establish the lack of contamination and/or degradation of
358  collagen %,

359

360 IntCal20 calibration, chronological distribution summaries, and chrono-spatial patterns

13
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361

362  All 66 radiocarbon age determinations were calibrated in the OrAU OxCal software ® using the
363  IntCal20 calibration curve *® to produce age ranges in calendar years before present (BP) at 95.4%
364  confidence. We used Kernel Density Estimation (KDE) in combination with Bayesian start/end date
365 modelling — both included within the OxCal software (v4.4) * — to summarise the distributions of
366  each occurrence based on the available chronological data. Of course, radiocarbon age determinations
367 retain a degree of uncertainty that is expressed by a radiocarbon-date distribution. Bronk Ramsey®
368  has proposed an algorithm to incorporate that uncertainty into a KDE. This algorithm samples the
369 individua radiocarbon age ranges to produce a set of probable dates, one for each event in a given
370  database (calibrated age range). The algorithm then applies a KDE to the random sample of dates to
371  produce a smooth estimate of tempora event density. This process is repeated for ten thousand
372  iterations and the resulting average constitutes the final KDE model. While this method produces an
373  accurate summary of available chronological information, it does not necessarily provide a true
374  representation of through-time variation in occurrence-counts. This is to say, high and low points in
375 the density digtribution do not necessarily reflect a true increase or decrease in the through-time
376  presence of the occurrence in reality, as radiocarbon datasets always represent an incomplete sample
377  of aphenomenon. KDE and single phase Bayesian start/end date modelling were used to summarise
378 and compare the didribution of calendar age probability ranges for all Chételperronian and
379  Protoaurignacian assemblages (n = 28 dates each), along with the 10 directly-dated late Neandertals.
380  This approach synthesises and compares the aggregated chronological data for each occurrence, and
381  does not seek to establish multi- or single- phase Bayesian models for any given site. Instead, it seeks
382 to a) evaluate the general tempora trends within the chronological datasets for each category
383  (Protoaurignacian, Chételperronian, directly-dated Neandertals), b) identify the degree of overlap
384  between these occurrences based on their aggregated datasets, and ¢) frame the results of this more
385 traditional approach with those of the OLE modelling. Both the scripts used for this analysis and their
386  output isavailable in the Supplementary Information (Supplementary Figs. S2-$4, S8).

387
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388 To examine any geographic patterning within the chronological data, we created time-slice
389  visudlisations using the inbuilt ‘spatio-temporal modeller’ function in the QGIS software (v4.4)
390 (QGIS Geographic Information System, QGIS Association, 2021). The dataset used for this
391  visualisation consigts of all IntCal20 calibrated radiocarbon age determinations (at 95.4% confidence)
392  produced during the preceding step (66 dates from 17 discrete archaeological sites). The maximum
393  possible age range of each occurrence within a given site (i.e. Chételperronian, Protoaurignacian,
394  directly-dated Neandertal) is used as the unit of analysis. In other words, the oldest and youngest
395  possible date for each occurrence at a site act as the chronological boundaries for its presence at that
396 site. As aresult, these boundaries should not be taken as reflecting ‘true’ occupational durations at
397 any given site. The intention of this approach is not to propose occupational durations, but to a)
398 identify the geographic regions in which the earliest dates for Protoaurignacian assemblages appear to
399 occur and b) highlight where any chronological overlap between the Chételperronian,
400  Protoaurignacian, and direct Neandertal age determinations appearsto be manifested geographically.
401

402  Inferring ‘origination” and ‘extinction’ dates using optimal linear estimation modelling

403

404  OLE uses the timing and chronological spacing of known archaeological occurrences to statistically
405  estimate how much earlier or longer the phenomenon is likely to have existed beyond the current
406  known archaeological record (i.e. beyond known dated sites). It requires the oldest or youngest
407  currently known dated occurrences of a phenomenon to be entered into the model, depending on
408  whether it is being used to estimate an ‘origin’ or ‘end’ date. Estimated ‘origin’ and ‘end’ dates rely
409  on the assumption that the dates entered into the model display (at least roughly) ajoint distribution
410  with a*Weibull form’. The form (shape parameters) of the Weibull distribution in the OLE model is
411  estimated based on the chronology (spacing) of the dates entered into the model. From which an ‘end’
412 or ‘origin’ point can be produced, depending on the temporal direction of the model. Ten dates are
413  generally considered as optimal for OLE %% glthough it has been applied to lower sample sizes,
414  with datasets of five having demonstrated good accuracy 2.

415
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416 It is important to note that although first developed for conservation science **°, OLE has no
417  parameters specific to biological organisms and can be readily applied to cultural traditions ®’. The
418  robusticity of OLE has been repeatedly demonstrated within a variety of scenarios, including those
419  that vary in tempora scale, ‘sighting’ probabilities, and search efforts and trajectories ®®. This
420 means that OLE is likely reasonably accurate in providing ‘origin’ and ‘end’ estimates in most
421  archaeeological scenarios. As with any dtatistical modelling, results are only as accurate as the data
422  entered into the model, and if there is uncertainty in the archaeological records used then this will be
423  reflected in the security of the estimated dates. However, if there are securely dated sites to sample
424  and al of the model’s assumptions are met *, then “generally precise and accurate estimates’ can be
425  assumed %

426

427  OLE modelling is particularly amenable to dating archaeological phenomena as it works well with
428  sparse datasets and only needs to consider the most recent or earliest records of a cultural tradition. In
429  other words, the accuracy of the model’'s result is not increased through the inclusion of large
430 numbers of dated sites. As such, the datasets used for the models presented here consist of the
431  youngest and oldest (depending on the direction of the model) calibrated age ranges of a particular
432  archaeological occurrence. Each data-point included in an OLE model should represent a discrete
433 occurrence of the phenomena in question. Therefore, each cultural occurrence (stratigraphic layer)
434  was only represented by one datapoint (calibrated age range) as it is generally impossible to tell
435  whether other dates produced within the same context can be considered as representing a discrete
436  occurrence of that phenomenon. When overlap did occur, preference was given to the oldest or
437  youngest dated sample, depending on the direction of the model. Thisis arelatively conservative way
438  of defining discrete occurrences within OLE modelling *. Our objectives here were to use OLE
439  modelling to estimate the ‘origin’ date of the Protoaurignacian in France and northern Spain, the
440  ‘extinction’ date of the Chételperronian in the same region, and the ‘extinction’ date of Neandertalsin
441  the loca and surrounding region. The three objectives and their required datasets are summarised
442  here:

443
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444  Edimating the start date of the Protoaurignacian in France and northern Spain. This model requires
445  the oldest Protoaurignacian dates from the region, with the mode run in the reverse temporal
446  direction. The oldest available date for each well-dated Protoaurignacian site is used as a unit of
447  analysis. We chose to exclude the oldest radiocarbon determination from the Protoaurignacian at
448  |sturitz (OxA-X-2694-17) due to its low collagen yield (<1mg) and unclear depositional history *.
449  Additionally, we also chose to exclude two dates from Trou de la Mére Clochette (OxA-19622 and
450  OxA-19621) produced on fragments of split-based points (antler) due to the uncertainty of their
451  proposed cultural designation to the Protoaurignacian ®.

452

453  Edimating the end date of the Chéatelperronian in France and northern Spain. This model requires
454  the youngest Chételperronian dates from the region, with the model run in the forward temporal
455  direction. The youngest available date for each Chételperronian context is used as a unit of analysis.
456  We chose to include two radiocarbon dates from Grotte du Renne, as this site preserves multiple
457  Chéatelperronian layers %,

458

459  Edimating the localised extinction date of late Neandertals. This model requires all reliably-produced
460  direct dates of late Neandertal individuals from the broader region (France n=4, Belgium n=6) to be
461  entered into an OLE model run in the forward temporal direction.

462

463  To account for C14 dating producing date ranges with even likelihood, and in line with research that
464  has shown that mean values are an unreliable approach for summarising calibrated radiocarbon age
465  ranges °, we apply a resampling approach to the OLE modelling in which individual dates are
466  randomly drawn, with uniform distribution, between the upper and lower age limits for each
467  calibrated age range. These randomly generated datasets are in turn entered into the OLE model, and
468  this process is repeated for 10,000 iterations ®’. The mean value from these 10,000 iterations is then
469  used asthe origin or end date for this resampling approach. Given the large uncertainties produced for
470  calibrated radiocarbon dates belonging to this period, we consider this approach as being both more

471  satistically robust and inferentially cautious than the alternative (central estimate technique)
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472  approach, which utilises the mean date of each calibrated age range as a unit of analysis (i.e. the
473  resampling approach does not depend on a single [mean] value as a datapoint for a calibrated age
474  range which often spans multiple thousands of years) *.

475

476  The model’s formulaic expression is available in the original articles describing OLE "%, along with
477  more recent open access archaeological articles ®”™. All models were run in R (version 4.0.3) using
478  the sExtinct software package . For the ‘origin’ dates the models were adjusted to run in the reverse
479  temporal direction to those provided by Clements ®. The 10" youngest or oldest dates were used as
480  the beginning of the period, dependent on the direction of the model. Two estimated dates were
481  produced by each model. One represents the estimated origin (To) or end (Te) date of the phenomenon
482  inquestion. The other represents the upper bound of each model’ s confidence interval (T¢)). To and Tg
483  dates are the main output of the OLE models and are represented here as years before present (BP).
484  T¢ dates represent the point beyond which the probability of the phenomena existing prior to or after
485  this point in time, depending on the direction of the model, has a 5% or less probability (i.e.,
486  0.1=[0.05).

487
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696

697  Figure 1. The effects of the recently operationalised IntCal20 radiocarbon calibration curve on C14
698  measurements produced for human remains between 50 and 37 kya (bottom) - compared with both
699 the uncalibrated measurements (top) and the ages obtained using the previous generation curve
700  (IntCal13, middle) (redrawn and adapted with permission after Bard et al., 2020). Note the ‘time-
701  dilation’ causing a compression of dates centred around the 43-42 kya cal BP mark (black arrows). 1 —
702  Les Rochers-de-Villeneuve (France), 2 — Vindija Cave Vi-33.26 (Croatia), 3 — Bacho Kiro (Bulgaria),
703 4 —Ust'-Ishim (Siberia), 5 — Bacho Kiro (Bulgaria), 6 — Goyet Q57-1 (Belgium), 7 — Goyet Q305-4
704  (Belgium), 8 — Bacho Kiro (Bulgaria), 9 — Neander Valey NN4 (Germany), 10 — Neander Valley
705  Nean 1 (Germany), 11 — Les Cottés Z4-1514 (France), 12 — Goyet Q53-4 (Belgium), 13 — Neander
706  Valey NN1 (Germany), 14 — Goyet Q376-1 (Belgium), 15 — Goyet Q56-1 (Belgium), 16 — Goyet
707  Q55-1 (Belgium), 17 — Bacho Kiro (Bulgaria), 18 — Grotte du Renne AR-14 (France), 19 — Saint-
708  Césaire (France), 20 — Spy 737a (Belgium), 21 — Tianyuan Cave (China), 22 — Pestera cu Oase

709  (Romania). Figure was produced using Adobe Illustrator.
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710
711

712 Figure 2. Kernel Density Estimation plots and Bayesian start/end date probabilities summarising the
713  distribution of the aggregated calibrated radiocarbon ages for a) the Chételperronian assemblages
714  (n=28), b) the Protoaurignacian assemblages (n=28), and c) the directly-dated late Neandertals (n=10)
715  included in this study. Bayesian start and end dates are visualised in green and red, respectively.

716  Figure was produced in the OrAU OxCal software (Ramsey, 1995, v4.4).
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717

(a) 43400 - 43000 kya cal BP (b) 42650 - 42250 kya cal

() 41900 - 41500 kya cal BP (d) 41200 - 40800 kya cal BP
718
719

720  Figure 3. Geographic appearance of dated occurrences for the Chételperronian (black circles),
721  Protoaurignacian (white circles), and directly-dated Neandertals (blue diamonds) in the study region
722 between 43,400 (a) and 39,400 (f) years cal BP. Figure was produced using the ‘spatio-temporal
723  modeller’ function in the QGIS software (v4.4) (QGIS Geographic Information System, QGIS
724 Association, 2021) and compiled in Adobe Illustrator.
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727

728  Figure 4. Resampling results for the three OLE models. modelled Protoaurignacian regional
729  emergence time (left), modelled Chételperronian extinction time (centre), and modelled Neandertal
730  regional extinction time (right). The horizontal bar in each respective boxplot represents the mean
731  value of the 10,000 resampling iterations referred to in the text. Figure was produced using the

732 ‘ggplot2’ packagein R (version 4.0.3).
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742

743  Figure 5. Calibrated age ranges for the ten late Neandertals included in this study. The lower five
744 specimens were dated using compound specific radiocarbon analysis (CSRA) of hydroxyproline
745  (Deviese et al., 2021) while the upper five specimens were dated with the AMS method. All samples
746  were prepared using ultrafiltration. Figure was produced in the OrAU OxCal software (Ramsey, 1995,

747  v4.4) and compiled using Adobe Illustrator.
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