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Abstract: Issues of chronology are central to inferences pertaining to relationships between both
contemporaneous and successive prehistoric typo-technological entities (i.e., archaeological cultures),
culture–environment relationships, and ultimately the mechanisms at play behind cultural changes
observed through time in the archaeological record. We refine the chronology of Upper Paleolithic
archaeological cultures between 35–18 calibrated kiloanni before the present in present-day France
by incorporating recently published radiocarbon data along with new 14C ages that we obtained
from several Gravettian archaeological contexts. We present the results of a Bayesian age model
that includes these new radiometric data and that, more importantly, separates Gravettian contexts
in regions north of the Garonne River into two successive cultural phases: The Northern Noaillian
and the Rayssian, respectively. This new age model places the beginning of the Noaillian during
Greenland Stadial 5.2. The appearance of contexts containing assemblages associated with the
Rayssian lithic technical system occurs immediately prior to the termination of Greenland Interstadial
5.1, and it is present throughout Heinrich Event 3 (GS-5.1) and into the following GI-4 climatic
amelioration. Despite the Rayssian’s initial appearance during the brief and relatively weakly
expressed Greenland Interstadial 5.1, its duration suggests that Rayssian lithic technology was
well-suited to the environmental conditions of Greenland Stadial 5.1.

Keywords: Middle Gravettian; Noaillian; Rayssian; chronology; hierarchical Bayesian age modeling;
ChronoModel; Heinrich Stadial 3

1. Introduction

Issues of chronology are paramount in efforts to make reliable inferences pertaining to
relationships between both contemporaneous and successive prehistoric typo-technological
entities (i.e., archaeological cultures), culture–environment relationships, and ultimately
the mechanisms at play behind cultural changes observed in the archaeological record [1].
This is especially true in contexts characterized by millennial and sub-millennial climatic
variability, such as the Middle and Upper Paleolithic contexts of Marine Isotope Stages
3 and 2, since past hunter-gatherer cultures operated within environmental contexts that
potentially influenced, to varying degrees, the cultural variability we observe [2–6].

In a previous study, Banks and colleagues [1] examined all radiocarbon measurements
from reliable archaeological contexts (i.e., radiocarbon ages with secure determinations of
archaeological association) in the region of Europe that is bounded to the south by the Pyre-
nees, the Atlantic Ocean to the West, and the Alps and Jura Mountains to the east. The goal
was to determine the chronology of the different typo-technological phases that make up the
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Gravettian, Solutrean, and Badegoulian technocomplexes and to correlate these different
archaeological cultures’ chronological intervals with documented paleoclimatic variability.
Their analysis could not provide a detailed examination of the typo-technological phases
that make up the Middle Gravettian due to a paucity of reliable radiocarbon ages from
such contexts, as well as uncertainties at that time with respect to the Middle Gravettian
phase attributions of archaeological levels and numerous sites. Analyses carried out by
Vignoles [6] have lent precision to the typo-technological attributions for a number of these
Gravettian archaeological contexts. These cultural attributions allow for the construction of
chronologies, or at least the exploration of potential chronologies, that differentiate certain
archaeological cultural phases that could not be reliably differentiated previously.

The objective of this article is three-fold. First, we present 23 new radiocarbon mea-
surements from five Gravettian contexts: the rock shelters of Le Facteur, Le Flageolet I,
and Le Callan, and the open-air sites of Les Jambes and La Picardie. Second, we eval-
uate the results presented by Banks et al. [1] against those obtained by injecting newly
obtained radiocarbon measurements into the previously published age model structure. A
number of these new data are the measurements presented here, and the remaining are
those published by others since the publication of Banks et al.’s model. Since the Bayesian
hierarchical method that we employ is based on the Event Date concept and allows for
the construction of a single age model that takes into account all radiometric observations
and their associated priors (described in detail below), we expect that the injection of a
large number of new radiocarbon measurements into the previously published model will
result in a cultural chronology that differs only slightly from the original. Last, we explore
the chronological relationship between the Noaillian and Rayssian phases of the Middle
Gravettian north of the Garonne River (France) via the creation of an age-model structure
in which relevant radiocarbon measurements are placed into one of the two successive
cultural phases.

This last aim was not possible previously since ages that could be unequivocally
attributed to either the Noaillian or Rayssian were insufficient in number. Following
recent evaluations of a number of Middle Gravettian archaeological assemblages [6] and by
employing an age-model structure that reflects the hypothesis that the Rayssian succeeds
the Noaillian in regions north of the Garonne River, we can propose chronological intervals
for these two cultural phases. The obtained chronological interval for the Rayssian will
also allow us to test the hypothesis that its characteristic technical system is correlated
with Heinrich Event 3 [ca. 30–29 calibrated kiloanni Before Present (cal ka BP); [7–11]], as
initially proposed by Banks et al. [1].

French Middle Gravettian

As one of the goals of this study is to evaluate the chronological relationship between
the two cultural taxonomic units (i.e., archaeological cultures) observed in the Middle
Gravettian archaeological record of present-day France, it is necessary to describe briefly
these two entities—the Noaillian and the Rayssian—and their associated archaeological
records (Figure 1). During the chronological interval situated between ca. 31–28.5 cal ka BP,
in present-day France, are the Noaillian and Rayssian archaeological phases, often referred
to as “faciès” by the French archaeological community, and they are defined principally on
the characteristics of their associated lithic industries [12]. The definition of the “Middle
Gravettian”, as well as its internal subdivisions (Noaillian and Rayssian) in northern
Aquitaine, is historically linked to the excavations of the Abri Pataud in Dordogne [13].
Under the term “Noaillian”, N. David and H.M. Movius chronologically subdivided the
various lenses of Level 4 into “Lower Noaillian” (Noaillian stricto sensu or Noailles burin
faciès) and “Upper Noaillian” (Raysse burin-core faciès) [14]. The term “Rayssian” was
proposed by other authors to designate the “Upper Noaillian” [15] and has been used
more widely since [16,17]. The inventory of Gravettian sites with Noailles burins (Noaillian
stricto sensu) includes 109 sites spread from Cantabria to western Italy, including a good
portion of southern France [12]. Only 26 sites attributed to the Rayssian are known and
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are located exclusively in France [18]. When encountered in sequence, the Rayssian lies
between the Noaillian stricto sensu and the Late Gravettian (e.g., Abri Pataud, Le Flageolet).
In two stratigraphic sequences (Taillis des Côteaux and Les Jambes), the Rayssian appears
to precede the Noaillian; however, post-depositional processes paired with the fact that the
results of these excavations have only been partially published likely explain this unusual
inversion [6,19].
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archaeological levels [6,16,17,21,22] (Figure 2). These associations have supported the hy-
pothesis of close functional and chronological links between the two [16,17]. However, 
complex taphonomic processes linked to the dynamics of rock shelter formation and ac-
cumulation, as well as periglacial conditions or even less rigorous excavation methods, 
can explain such associations [6,23–25]. There remains, however, a lack of consensus 
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Noaillian and Rayssian refer to two different archaeological realities [28]. The Noaillian is 

Figure 1. Geographic extents of the Noaillian and Rayssian typo-technocomplexes, in blue and
orange, respectively. Locations of archaeological contexts attributed to the Noaillian are indicated
with blue circles. Sites with Rayssian archaeological levels are indicated by orange circles. Sites
where both typo-technocomplexes have been observed are indicated with green circles. The sites
from which samples were selected for 14C dating in the context of this study are numbered: (1) La
Picardie; (2) Les Jambes; (3) Le Facteur; (4) Le Flageolet I; (5) Callan. Sea levels are depicted at −90 m
below sea level, corresponding to approximately 30 ka cal BP [20].

Lithic diagnostics typo-characteristic of the Noaillian (Noailles burins, Gravette points,
microgravettes, and truncated-backed bladelets) and the Rayssian (Raysse burin-core,
la Picardie bladelets, and Raysse bladelets) are often found together within the same
archaeological levels [6,16,17,21,22] (Figure 2). These associations have supported the
hypothesis of close functional and chronological links between the two [16,17]. However,
complex taphonomic processes linked to the dynamics of rock shelter formation and
accumulation, as well as periglacial conditions or even less rigorous excavation methods,
can explain such associations [6,23–25]. There remains, however, a lack of consensus [26,27],
and the nature of the observed associations between Noailles burins, Raysse burin-cores,
Picardie bladelets, and Gravette points remains unresolved. Furthermore, the Noaillian and
Rayssian refer to two different archaeological realities [28]. The Noaillian is most typically
defined by the presence of a single lithic artifact type, the Noailles burin, which leads to it
being less well-characterized due to the fact that Noaillian burins have broad chronological
and geographic extents (Figure 1). On the contrary, the Rayssian is a more coherent entity
due to the fact that it is defined on the basis of not only diagnostic lithic elements—Raysse
burin-cores and Picardie bladelets—but also the lithic technical system particular to these
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two diagnostic elements, thereby making it a more coherent technical unity [16,17,22,29].
In addition to this is the fact that the Rayssian appears better constrained geographically
(Figure 1).
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Figure 2. Principal French Middle Gravettian typo-diagnostic lithic artifacts (Laussel, Dordogne:
Lalanne, Vésignié, and Daniel collections); n◦ 1 and 6: Raysse burin-cores; n◦ 2 and 3: La Picardie
bladelets; n◦ 4 and 5: Raysse bladelets; n◦ 7 and 8: Noailles burins; n◦ 9: Gravette point (Vachons sub-
type); n◦ 10 and 11: microgravette points (Vachons sub-type). Barred arrows represent the direction
of removal and a solid circle at the arrow’s origin indicates that the platform is present. Plain arrows
indicate a burin spall’s direction of removal. A series of three dots (n◦ 7 and 8) indicates retouch
meant to stop a burin spall’s propagation. Drawings by P. Gaussein. Photography by L. Klaric.
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Over the past fifty years, three interpretative hypotheses have been proposed to ex-
plain the relationship between Middle Gravettian lithic industries in present-day France
and immediately adjacent regions. First, some propose a continuity between the Noaillian
and Rayssian [13,30–32]. A second hypothesis proposes a degree of functional comple-
mentarity between the two [27,33–35]. The third is founded on the idea of a cultural break
between the Noaillian stricto sensu and the Rayssian [16,29]. None of these, however, are
particularly convincing since they all rely exclusively on the lithic archaeological record [17].
More recently, new avenues have been raised, suggesting possible environmental reorgani-
zations (faunal, permafrost extension, etc.) in northern areas during Heinrich Event (HE)
3, which occurred during Greenland Stadial (GS) 5.1 [1]. Perhaps such changes exerted a
non-negligible (but not exclusive) influence on the behaviors and adaptations of Middle
Gravettian human groups [6,36]. A cautious position at present is to consider that the
Rayssian (in Northern Aquitaine) is contemporaneous with the Pyrenean Noaillian and
that they are contemporaneous cultural expressions during the second half of the Middle
Gravettian. If there is any chronological phasing, it is only in the Northern Aquitaine
area that it is currently perceptible, even if it remains difficult to determine precisely in
terms of absolute chronology. Here, our operating hypothesis—founded on analyses of
archaeological contexts—is that the emergence of the Rayssian represents a technical rup-
ture with the Noaillian and that the Rayssian contexts postdate those of the Noaillian in
the area of present-day northern Aquitaine and in regions to the north, as is observed in
the sequence of lenses that make up layer 4 at Pataud shelter, for example. Based on this
hypothesis, we create an appropriately structured Bayesian age model in order to propose
a tentative chronology for the Rayssian technical system, which will allow for a better
understanding of its correlation with the chronology of millennial-scale climatic variability
and corresponding environments.

2. Materials and Methods
2.1. Chronological Data

A large portion of the chronological data employed in this study is composed of the
14C ages used in the hierarchical Bayesian age modeling analysis previously conducted by
Banks et al. [1]. Since the publication of that model and its results, numerous radiocarbon
measurements that fall within its chronological interval have been published [37,38]. To
complement these existing data and pursue the objectives of this analysis, we sampled a
number of Gravettian archaeological levels from five sites (Figure 1), two of which have
never been the subject of radiometric dating efforts (Les Jambes and La Picardie), in order to
obtain bone and charcoal samples for radiocarbon measurements, with the majority of the
former bearing anthropogenic traces (Table 1). Below, we briefly present the archaeological
contexts associated with our samples.

2.1.1. Le Callan

The site of Le Callan is situated in the commune of Blanquefort-sur-Briolance in the Lot-
et-Garonne Department of southwestern France. It is composed of four Gravettian levels,
with the upper two containing lithic assemblages that can be attributed to the Noaillian
phase of the Middle Gravettian. Recovered from the lower two levels are Gravettian lithic
assemblages dominated by microgravettes [39,40]. While a cultural attribution for the
lower two levels has not been formally proposed, due to their stratigraphic position below
the Noaillian levels, it is likely that they represent either Early Gravettian occupations or
transitional ones immediately preceding the appearance of the Noaillian faciès. Because the
upper levels, I and II, share the same Noaillian lithic industry and the lower levels, III and
IV, share the same unattributed industry, they have been grouped together into two broad
archaeological units, I–II and III–IV.
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Table 1. Archaeological samples from Gravettian contexts submitted to the Oxford radiocarbon accelerator unit for dating. Table also available at https:
//doi.org/10.48579/PRO/U1GKGW.

Site Arch. Level Unit/Square Sample ID Artifact
Code Material Taxon Anatomical

Element Portion Human
Modification Mass (g) %N Notes

Le Callan IV F4 Callan-1 76 bone Cervidae Possible
femur

diaphysis
fragment None 3.5 0.22 Sample withdrawn

Le Callan IV F4 Callan-2 211 bone Rangifer
tarandus femur diaphysis

fragment
Burned; green bone

break 1.2 0.34 Sample withdrawn

Le Callan I-II H4 Callan-3 77 bone Rangifer
tarandus

Radius or
femur

diaphysis
fragment Abraded; cutmarks 5.7 0.46

Radiocarbon
measurement

obtained

Le Callan I-II G4 Callan-4 224 bone Rangifer
tarandus Humerus diaphysis

fragment green bone break 6.5 0.60
Radiocarbon
measurement

obtained

Le Callan I-II G4 Callan-5 181 bone Cervidae
(Rangifer?) Cranium

possible
petrus

fragment

Burned; green bone
break 3.2 0.30 Sample withdrawn

Le Callan I-II H6A Callan-6 11 bone Rangifer
tarandus Right P3/P4 complete None 2.9 0.37 Sample withdrawn

Le Facteur J-11 Sond. 72 Facteur-1 78 bone Cervus
elaphus Left femur diaphysis Cutmarks; green

bone break 12.0 0.26 Sample withdrawn

Le Facteur J-11 Sond. 72 Facteur-2 23 bone Rangifer
tarandus Metatarsal proximal,

medial
Abraded; green

bone break 10.0 0.40
Radiocarbon
measurement

obtained

Le Facteur J-11 Sond. 72 Facteur-3 121 bone Rangifer
tarandus Metatarsal medial

diaphysis
Green bone break;
possible cutmarks 9.0 0.61

Radiocarbon
measurement

obtained

Le Facteur J-11 Sond. 72 Facteur-4 300 bone Rangifer
tarandus Long bone medial

diaphysis Green bone break 3.0 0.29 Sample withdrawn

Le Flageolet I VII C9 Flageolet-1 1881 bone Cervus
elaphus Left humerus medial

diaphysis Abraded 11.0 0.45
Radiocarbon
measurement

obtained

Le Flageolet I VII C10 Flageolet-2 1220 bone Cervus
elaphus Right femur diaphysis

fragment Cutmarks 13.8 0.29 Sample withdrawn

https://doi.org/10.48579/PRO/U1GKGW
https://doi.org/10.48579/PRO/U1GKGW
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Table 1. Cont.

Site Arch. Level Unit/Square Sample ID Artifact
Code Material Taxon Anatomical

Element Portion Human
Modification Mass (g) %N Notes

Le Flageolet I VII C10 Flageolet-3 1185 bone Bovid 1st phalange distal Cutmarks 15.9 0.43
Radiocarbon
measurement

obtained

Le Flageolet I VI C8 Flageolet-5 877 bone Size IV
herbivore Long bone diaphysis

fragment Cutmarks 18.5 0.90

Radiocarbon
measurement

obtained; VSG–very
small graphite target

Le Flageolet I VI C7 Flageolet-6 763 bone Bovid Metatarsal diaphysis
fragment Cutmarks 41.6 0.39

Radiocarbon
measurement

obtained

Le Flageolet I VI C7 Flageolet-7 607 bone Rangifer
tarandus 1st phalange complete Cutmarks 9.6 0.84

Radiocarbon
measurement

obtained

Le Flageolet I VI C7 Flageolet-8 809 bone Rangifer
tarandus Metatarsal diaphysis

fragment Cutmarks 5.0 1.60
Radiocarbon
measurement

obtained

Le Flageolet I V C10 Flageolet-10 480 bone Equus ferus Left tibia anterior
diaphysis

Abraded; likely
retoucher 38.3 0.88

Radiocarbon
measurement

obtained

Le Flageolet I V C10 Flageolet-11 449 bone Rangifer
tarandus Left tibia diaphysis

fragment None 11.7 0.90
Radiocarbon
measurement

obtained

Le Flageolet I V C9 Flageolet-12 744 bone Rangifer
tarandus Right radius diaphysis

fragment Cutmarks 11.5 0.75
Radiocarbon
measurement

obtained

Le Flageolet I V C9 Flageolet-13 726 bone Rangifer
tarandus Radius anterior

diaphysis Abraded 9.8 0.80

Radiocarbon
measurement

obtained; Very small
reindeer

Le Flageolet I V C10 Flageolet-14 315 bone Rangifer
tarandus

Right
humerus

posterior
diaphysis Cutmarks; abraded 7.9 0.48

Radiocarbon
measurement

obtained
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Table 1. Cont.

Site Arch. Level Unit/Square Sample ID Artifact
Code Material Taxon Anatomical

Element Portion Human
Modification Mass (g) %N Notes

Le Flageolet I IV C9 Flageolet-19 415 bone Rangifer
tarandus Tibia posterior

diaphysis None 3.3 0.36 Sample withdrawn

Le Flageolet I IV C6 Flageolet-20 no number bone Rangifer
tarandus Right tibia lateral

diaphysis Possible cutmarks 7.2 0.52 Measurement failed

Le Flageolet I IV C6 Flageolet-21 no number bone Rangifer
tarandus Left tibia diaphysis

fragment Cutmarks 9.0 0.51

Radiocarbon
measurement

obtained; VSG–very
small graphite target

Le Flageolet I VI B10 Falgeolet-22 987 bone Cervus
elaphus Left humerus diaphysis

fragment None 0.46 Measurement failed

Les Jambes 3 B0 Jambes-1 no number bone Equus? Humerus fragment None 54.7 0.58
Radiocarbon
measurement

obtained

Les Jambes 3 B Jambes-2 no number bone Rangifer
tarandus Tooth complete None 3.5 0.42

Radiocarbon
measurement

obtained

Les Jambes 2 indet. Jambes-3 no number bone Rangifer
tarandus Scapula fragment None 16.9 0.36 Sample withdrawn

Les Jambes 2 indet. Jambes-4 no number bone Equus? Possible tibia fragment None 27.8 1.30
Radiocarbon
measurement

obtained

Les Jambes 3 B Jambes-5 B155 bone Rangifer
tarandus Left humerus distal None 21.0 1.09

Radiocarbon
measurement

obtained

Les Jambes 3 B Jambes-6 B157 bone Equus Radius proximal None 89.0 0.26 Sample withdrawn

La Picardie c2d3 F97D Picardie-3 charcoal Pinus n/a n/a n/a Measurement failed

La Picardie c2na1 G10A Picardie-4 charcoal Quercus n/a n/a n/a 5.5
Radiocarbon
measurement

obtained
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In an effort to establish the chronological age of the site’s two broad archaeological
units, we chose five bone fragments and a reindeer tooth for radiocarbon dating (Table 1).
Two of these pieces are from level IV and the remaining four are from the combined unit
I–II. Faunal remains from the site are few in number, and those that appeared to be most
promising for obtaining a 14C age were selected, although the scarcity of datable material
required that we include two burned bone fragments. We attribute the 14C ages from this
site to the Noaillian taxonomic unit of the Middle Gravettian.

2.1.2. Le Facteur

The Le Facteur rockshelter is situated within the commune of Tursac in the Dordogne
Departement of southwestern France. After having been investigated by various amateur
archaeologists, Elie Peyrony first conducted formal scientific excavations at the site in
1933 [41], and further fieldwork was conducted by Henri Delporte during the latter half of
the 1950s. These latter excavations were conducted with relatively modern techniques and
in his synthesis, Delporte [42] defined 22 archaeological levels. He assigned levels 10 and
11 to the “Périgorien supérieur à burins de Noailles”, now termed the Noaillian phase of
the Middle Gravettian. These two levels were defined on the basis of different sedimentary
characteristics, but they were in direct contact with one another and situated near the back
of the rockshelter, thus making it difficult to unequivocally demonstrate their individual
integrity. For this reason, they are often referred to as level 10/11. While Noaillian burins
are abundant in this archaeological unit, Deporte’s analytical method was not conducive
to recognizing lithic elements now known to belong to the Rayssian phase of the Middle
Gravettian. Analyses of this assemblage conducted during the 1980s [14] recognized
artifacts that are diagnostic of the Rayssian, and more recent, detailed examinations of
the assemblage [6,25] confirm that, in addition to Noaillian diagnostics, Deporte’s level
10/11 contains a small number of Raysse burin-cores along with a few Raysse and Picardie
bladelets, which are characteristic of lithic reduction sequences performed on Raysse
burin-cores. However, the blade reduction sequence is very similar to that of Noaillian
assemblages present in the Landes-Pyrenees area (e.g., Brassempouy) [16,43], and another
reduction sequence for the production of marginally retouched bladelets from burin-cores—
different from the Raysse method—is also present. In this context, the presence of elements
produced with the Raysse method is difficult to interpret.

While it is not possible to differentiate between the Noaillian and Rayssian occupations
represented in the combined “level” 10/11 at Le Facteur, we still deemed it worthwhile
to obtain radiocarbon measurements since they could provide useful chronological data
for the Middle Gravettian as a whole. To this end, we selected four faunal remains for
dating from Chantier J sondage (square meter test pit) 72 (Table 1), which was excavated in
1958 and for which excavation notes are available (curated in the archives of the Musée
d’Archéologie Nationale in Saint-Germain-en-Laye, France). All four samples are indicated
to be from the stratigraphically lower, and thus older, level 11, although as pointed out
above, reliably associating dated materials to one of the two levels is difficult. For this
study, this combined “level” 10/11 is attributed to the Noaillian phase.

2.1.3. Le Flageolet I

The site of Le Flageolet I is the westernmost of two neighboring rock shelters situated
in the commune of Bézenac in the Dordogne Department of southwestern France. The site
was excavated by Jean-Philippe Rigaud between 1968 and 1984 using modern excavation
methods [27,33,44]: artifacts larger than 1.5 cm were piece-plotted and excavated sediments
were sieved in order to recover smaller elements. Stratigraphic attributions were controlled
via on-site sagittal and longitudinal projections. It contains a stratified archaeological
sequence for the early Upper Paleolithic composed of three archaeological levels attributed
to the Aurignacian (XI, IX, and VIII) in lithostratigraphic unit I, and above these are six
levels attributed to the Gravettian (VII, VI, V, IV, I–III, and 0) contained in lithostratigraphic
unit II [27].



Quaternary 2024, 7, 26 10 of 28

A recent examination of levels I–III, IV, V, and VI permitted an update to their cultural
attributions [6]. Rayssian diagnostic artifacts are numerous in levels I–III, IV, and V, while
Noaillian fossiles directeurs are rare. In level V, blade and bladelet reduction sequences
are characterized by mixed characteristics between the Rayssian and the Pyrénées Noail-
lian [45]. As is observed in the sagittal projections, the presence of rare Noaillian and
Rayssian artifacts in levels VI and VII is more likely due to post-depositional processes
or to stratigraphic re-attributions of the remains. Furthermore, backed bladelet charac-
teristics differ between levels I–III/IV/V and VI/VII. The latter levels also yield more
typologically diversified assemblages that include lithic artifact types diagnostic of the
Early Gravettian (truncated elements, Tursac points, and alternate backed points). Sagittal
projections of piece-plotted artifacts and refitting analyses indicate the presence of two
main concentrations that correspond to levels I–III/IV/V and levels VI/VII. These two
stratigraphic groupings are separated by a layer in which artifacts are sparse. The former
ensemble corresponds to the Middle Gravettian, while the second can be attributed to the
Early Gravettian. In this context, the association of backed points together with Rayssian
artifacts and a handful of Noaillian elements in the upper levels is difficult to interpret but
is likely due to the palimpsest nature of the deposits and post-depositional processes [6].

When selecting samples for radiocarbon measurements, we targeted the C transect of
the site’s grid and focused on grid units situated in the southern portion of the excavated
area (e.g., C6–C10; see [27]). Since the archaeological levels are fairly thin and in close
proximity to, or in contact with, one another, we consulted the depth coordinates of
individual piece-plotted faunal remains and selected those that were situated towards
the middle portion of their associated archaeological level. This was done in order to
minimize the selection of samples from areas representing the contact zone between two
archaeological levels. We sampled three faunal elements from level VII, five from level VI,
five from level V, and three from level IV (Table 1).

As cited above, the diagnostics described from levels VII and VI lead us to attribute
them to the Early Gravettian, and based on the fact that elements diagnostic of the Rayssian
are predominant in le Flageolet I levels V and IV, we attribute these two levels to the
Rayssian phase of the Middle Gravettian.

2.1.4. Les Jambes

The site of Les Jambes is located in slope deposits in the northwestern sector of the city
of Périgueux on the right bank of the Isle River in southwestern France. It was excavated by
Guy Célérier from 1964–1968, and the excavated surface totaled 13 m2, although the only
published description of the work concerns the first two field campaigns for which only four
square meters were excavated [46]. Célérier describes three stratigraphic units, numbered
1–3 from top to bottom, with the lower two each containing a single archaeological level,
both of which he attributed to the Noaillian based on the presence of eight Noailles burins
and the frequencies of other tool types typical of other Middle Gravettian assemblages. A
previous examination of the recovered lithic assemblages [14] and a more recent assessment
based on Célérier’s published drawings [16], however, suggested that the Rayssian faciès
is strongly expressed. Vignoles [6] confirmed the Rayssian cultural attribution based on
the presence of diagnostics elements and lithic reduction strategies. Vignoles [6] also
demonstrates that of the 15 “Noailles burins” identified by Célérier, only one can be
classified as such, thereby indicating that the site’s levels are predominantly Rayssian.

With respect to Célérier’s interpretation that the site’s stratigraphy was inverted—a
hypothesis based on his identification of Noailles burins in level 2 and their absence in
the lower level 3—it has been proposed that this apparent inversion is the result of the
post-depositional processes of the site’s sloped deposits [14,16]. Following a revision of
the site’s assemblages and excavation notes, Vignoles [6] concludes that the available data
invalidate the inversion hypothesis. First, Célérier notes the presence of Noailles burins in
level 3 in his 1967 field report, which was not included in his subsequent publication [46].
Second, the so-called (and revised) Noailles burins are only present in level 3. The presence



Quaternary 2024, 7, 26 11 of 28

of the one true Noailles burin, the two atypical burins, as well as a busked burin typical
of the Recent Aurignacian, indicates that some intrusive elements from earlier, ephemeral
occupations at the site are present in these two purported Rayssian Middle Gravettian
levels. An examination of artifact distributions clearly indicates the sloped nature of the
deposits and suggests that the site may in fact only contain a single archaeological level
instead of the purported two [6].

We selected six faunal remains, representing a range of taxa (Table 1). Two of the
specimens are from Célérier’s level 2, and the remaining four were recovered from level
3. Unfortunately, while provenience data from the excavation records did allow us to
determine their archaeological level of origin, it was not possible to determine from where
in their respective levels they were originally recovered.

Despite a recommendation that dates not be attributed to a specific Middle Gravettian
faciès [6], we attribute the 14C ages from Les Jambes to the Rayssian phase. The reason
behind this decision is the fact that examinations of its two recognized archaeological
levels—which may, in fact, represent a single level—demonstrate that the lithic assemblage
is dominated by a lithic industry that is similar to that observed in the upper Middle
Gravettian assemblages at Le Flageolet I (levels V, IV, and III–I), which are predominantly
Rayssian in character with rare Noailles burins and backed points.

2.1.5. La Picardie

La Picardie is an open-air site located in the commune of Preuilly-sur-Claise in the
Indre-et-Loire Department. It was discovered in the late 1990s and subjected to several field-
work campaigns from 2003–2008, over which time 84 square meters were excavated [47,48].
La Picardie is a single-component site whose lithic assemblage is attributed solely to the
Rayssian phase of the Middle Gravettian due to the presence of this phase’s lithic diagnos-
tic artifacts, and it is also characterized by an absence of Gravette points, microgravettes,
and Noailles burins [16]. This is the eponymous site for the Picardie bladelet, which is a
marginally retouched bladelet—employed as a hunting armature—removed from a Raysse
burin-core [49].

Due to its open-air context and clay-rich sediments, no faunal remains are preserved,
making precise determinations of this site’s age challenging. In the framework of this study,
two small fragments of charcoal recovered from the archaeological level were submitted for
dating (Table 1) in the hopes that they would provide radiocarbon ages for an archaeological
context that is solely Rayssian.

2.2. Radiocarbon Sample Treatment and Measurement Methodology

All bone and charcoal samples obtained from the archaeological contexts described
above were sent to the Oxford Radiocarbon Accelerator Unit. The majority of our samples
were faunal skeletal elements from which collagen was extracted following the pretreatment
protocol described by Brock et al. [50]. The charcoal samples from La Picardie were pre-
treated with the relevant protocol. Following pretreatment, samples were graphitized [51]
and then dated on the ORAU HVEE AMS system [52].

Of the 34 samples sent for dating, 32 were archaeological faunal remains and part of
the pretreatment protocol to which they were subjected consisted of a %N screening. Only
nine of the samples have %N values above 0.7. Samples with such a value have a roughly
85% chance of having sufficient collagen for an ultrafiltration radiocarbon determination.
This represents less than a third of the submitted samples; therefore, we decided to pursue
obtaining non-ultrafiltered dates by also retaining samples with %N values between 0.4–0.7.
Based on the %N results, we also withdrew a number of samples: four from the site of Le
Callan, two from Le Facteur, two from Le Flageolet I, and two from Les Jambes (Table 1).

2.3. Hierarchical Bayesian Age Modeling with ChronoModel

During the past three decades, the archaeological community has increasingly relied
on Bayesian methods for constructing cultural chronologies as these methods allow one to
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take into account stratigraphic information (i.e., priors), which serves to render chronolo-
gies more robust and accurate [53–58]. Banks et al. [1] describe an approach that uses
the software package ChronoModel (Version 2.0) [58,59] to construct a nested hierarchical
Bayesian age model that allows all archaeologically reliable chronological data, from both
stratified archaeological sequences and single component sites, to be incorporated into a
single model structure in a statistically robust manner. Such a model structure overcomes
the statistical problems associated with the approach that consists of constructing separate
age models for individual sequences and injecting, into a new model, the a posteriori
probability distributions corresponding to the boundaries between phases that represent
a change in archaeological cultural traditions. Such a model is composed of chronologi-
cally ordered phases, each representing one of the archaeological cultural transitions in
question [60,61]. The problem with this approach is that the second-generation model is
populated with a posteriori probability distributions that are derived from the individual
site age models, thereby introducing additional unknown boundaries as priors. Such an
approach is statistically undesirable.

The age model and examination of cultural chronology described by Banks et al. [1]
targeted the portion of the Upper Paleolithic between 32–21 cal ka BP. They highlight the fact
that numerous, dated archaeological contexts (i.e., archaeological levels) are associated with
formation or post-depositional processes that make it difficult to examine the chronological
relationship between the two typo-technological units, the Noaillian and the Rayssian,
attributed to the Middle Gravettian in areas north of the Garonne River. They postulate
that, in these areas, the Rayssian post-dates the Noaillian and is chronologically situated
during the latter portion of the Middle Gravettian, an interval corresponding to Heinrich
Event 3, but that more data are needed in order to better establish the relationship between
these two technical systems.

Bayes theorem allows one to combine chronological probabilistic information (e.g.,
radiometric measurements) with probabilistic a priori information (e.g., stratigraphic
ordering of archaeological and/or sedimentary levels) observed at an archaeological site.
When Bayesian age modeling methods are applied to an archaeological context, the age
measurements (e.g., 14C) serve to improve, via the properties of conditional probability, a
priori information such that one obtains a result that serves to improve the understanding
of the timing and duration of associated archaeological events. The 14C measurements
produced in the framework of this study and those recently published and pertaining to the
target Upper Paleolithic archaeological typo-technological complexes are integrated into
two hierarchical Bayesian age models using the ChronoModel software package [58,62] and
the intersecting multiphase approach and chronological data described by Banks et al. [1].

One advantage of ChronoModel over other available and commonly used software
packages is its use of the Event date concept. This parameter represents the unknown
calendar date of a temporal event within a given chronology. Assuming that the Event can
be associated with one or more suitable samples from which an age or age measurements
have been obtained, the Event model combines these calendar dates in order to estimate the
Event’s unknown target date. It is important to point out that each unique sample, whether
it yielded one or more age estimates (e.g., multiple measurements obtained from a single
sample), is assumed to represent a unique event. Each archaeological level represents a
palimpsest of an unknown number of events and is defined as a phase in ChronoModel. A
phase is a group of archaeological events, represented by event dates, that one wishes to
situate chronologically. Due to the fact that it is difficult to determine with certainty the
rhythm with which events occurred through time, ChronoModel assumes that a phase’s
event dates are uniformly distributed within it and that the temporal boundaries of the
chronological framework are defined by the start and end times of the broad ‘study pe-
riod’ [60]. ChronoModel allows one to estimate the beginning, duration, and termination of
a phase based on the posterior event dates observed within it. This represents a significant
departure from and improvement over approaches that rely on the Naylor–Smith–Buck–
Christen (NSBC) prior [53–56]. For software packages that rely on this prior [57,63,64], it
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is applied to a group of dates placed within a phase that is situated between two hyper-
parameters (start and end) in the Bayesian hierarchical structure. Within a phase, dates
are assumed to be conditionally independent from these two boundaries and uniformly
distributed between them. Via the subsequently assigned uniform prior joint density, the
NSBC prior elicits an effect such that dates move closer to one another a posteriori [58].
ChronoModel’s use of the Event model and its application of start (Ta) and end (Tb) tempo-
ral boundaries to the broader so-called ‘study period’ prevent the temporal compression
observed in other commonly used Bayesian modeling software packages.

The intersecting multiphase approach that we employ consists of constructing an
individual phase model for each stratified archaeological sequence under consideration, in
which each archaeological level is a phase that contains event models each populated with
the individual 14C measurements from archaeological samples associated with that level.
Simultaneously, these same event models, along with those from single-component (i.e.,
non-stratified) archaeological contexts, are placed within a separate phase model in which
each phase represents a recognized archaeological culture (i.e., cultural taxonomic unit:
e.g., Recent Gravettian, Final Gravettian, etc.), such that a “cultural” phase may contain
multiple events derived from a number of archaeological levels from one or more sites.
This intersecting structure allows ChronoModel to take into account the stratigraphic priors
associated with each event along with the priors related to the succession of archaeological
cultures observed in a regional archaeological cultural trajectory when calculating the age
intervals for successive or contemporaneous archaeological cultures. This structure is ad-
vantageous in constructing regional cultural chronologies because it avoids the statistically
undesirable practice of breaking the Bayesian scheme into two separate steps, a statistically
undesirable practice that is required with OxCal in which a second-generation model is
populated with a posteriori probability distributions derived from first-generation age
models of individual stratified archaeological sequences [60,61].

We employ two hierarchical Bayesian age-model structures to examine the regional
chronology of archaeological taxonomic units. The first is the same intersecting, multiphase
structure published previously [1]. First, we run this model, which was produced with
IntCal13, using the same data published in 2019 and the IntCal20 calibration curve [65].
Next, using the same model and original data, we inject the radiocarbon measurements
obtained in the framework of this study, as well as those published recently. In this model
structure, the time period that is of particular interest to us, the Middle Gravettian, is
divided into two parallel typo-technological phases: The Pyrenees Middle Gravettian and
the northern generic Middle Gravettian. The latter groups together 14C measurements from
archaeological levels that are either Noaillian, Rayssian, or contain lithic diagnostics of
both. The purpose of re-running this same model structure with the most recent calibration
curve, as well as with newly published 14C ages along with those that we produced, is
to evaluate how the newly calculated age intervals compare to those published in 2019.
In order to be consistent with the modeling process employed by Banks et al. [1], after
the initial runs, chronometric measurements with a Markov posterior standard deviation
greater than 400 were considered to be outliers. These radiometric measurements were
removed from the model before running it a second time. It is the results of this second
model run that we present.

For the second age model, we maintain an intersecting multiphase structure in which
the phases are archaeological levels and the stratigraphic relationships for individual sites
or archaeological sequences, as described by Banks et al. [1] (Figure 1) make up one compo-
nent of the structure. The sites that compose this portion of the intersection, multiphase
model are Le Blot, Carane, Casserole, Cuzoul de Vers, Flageolet I, Fontgrasse, Gargas,
Laugerie Haute oust, Ormesson, Pataud, Petit Cloup-Barat, Peyrugues, St. Aubin, Talillis
des Coteaux, and Tarté (see Table S1 for details concerning their individual archaeological
levels). This component intersects with a separate cultural phase portion (Figure 3) in which
we organize the Middle Gravettian in the following manner: a Pyrenees Middle Gravet-
tian phase situated between the geographically broader Early Gravettian and the Recent
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Gravettian. We differentiate the Pyrenees Middle Gravettian from the Middle Gravettian
in contexts north of the Garonne River valley since, within the latter, we observe a strati-
graphic succession from the Noaillian phase to the Rayssian phase—a pattern not observed
in regions south of the Garonne. Therefore, parallel to the Pyrenees Middle Gravettian
phase (i.e., between the Early and Recent Gravettian phases) are two successive phases,
the Northern Noaillian and the Rayssian, with the former preceding the latter. Finally, we
establish a parallel Northern mixed Middle Gravettian phase for the single archaeological
level that cannot be attributed to either the Noaillian or the Rayssian unequivocally (i.e.,
Pataud level 4 middle).
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The reason for creating two successive phases for the Noaillian and Rayssian in regions
north of the Pyrenees is that it follows an existing hypothesis founded on a number of
elements. Based on various examinations of archaeological data, Banks et al. [1] and
Klaric et al. [17] postulate that in northern Aquitaine (France) and regions further north,
the Rayssian post-dates the Noaillian. Thus, it would logically have occurred during
Greenland Stadial (GS) 5.1, during which Heinrich Event (HE) 3 occurred. This postulate is
supported by several observations. First, in stratified archaeological sequences that contain
a continuous cultural record for the Gravettian, the Noaillian is present immediately
following the Lower Gravettian [6,16,23]. Unfortunately, the majority of archaeological
sequences (i.e., stratified sites) in areas north of the Garonne River are taphonomically
complex and their Middle Gravettian levels contain diagnostic Noaillian and Rayssian
lithic artifacts to varying degrees. The pattern observed at the Pataud rockshelter, which is
the only existing reference with stratified levels of high quality, is that in the lower Middle
Gravettian levels, Noaillian diagnostic artifacts (i.e., Noailles burins) are predominant with
only rare Rayssian elements (e.g., the lower subdivision of Pataud level 4). This trend
is reversed as one moves up the stratified sequence, such that lithic assemblages from
younger Middle Gravettian levels are predominantly Rayssian in character with occasional
Noaillian burins or pseudo Noaillian burins (e.g., the upper subdivision of Pataud level
4). Such a pattern is to be expected by a Noaillian–Rayssian succession in sites that have
been affected by post-depositional processes. Second, there is a clear technical rupture
between Rayssian and Noaillian lithic industries [16,17,23]. This rupture, in conjunction
with the fact that most stratified sequences that contain the two have been affected by
post-depositional processes, serves to weaken arguments that Noaillian and Rayssian lithic
assemblages are contemporaneous and represent functional differences [35,66] in northern
areas of the Nouvelle Aquitaine Region. Third, taking into consideration other elements
of Middle Gravettian material culture, one observes during the Rayssian that technical
methods to produce rods (baguettes in French) from reindeer antler and ivory that served as
blanks for the manufacture of formal tools, predominantly the tips of hunting weapons, are
more diverse than those used during the Noaillian or Lower Gravettian and are identical to
the panoply of rod extraction methods present during the Recent Gravettian [17], a pattern
suggesting a cultural relation between the Rayssian and the Recent Gravettian. Last, Klaric
et al. [17] point out that faunal remains recovered from Rayssian archaeological contexts
are dominated by reindeer and to a lesser extent horse, species that are arctic and steppic,
respectively, and that would have been predominant during the latter stages of GS 5.1.

All of the Middle Gravettian archaeological levels and their archaeological culture
attributions for the second age model are indicated in Table S1. These attributions are
based on the evaluations of lithic assemblages carried out by Vignoles [6] on the sites of
Les Jambes, Le Facteur, and Le Flageolet I which are summarized in the site descriptions
above. Our attributions of the levels from the Pataud rockshelter are based on evaluations
of the site’s Gravettian level lithic assemblages by one of us (L.K.), and the same holds true
for the attributions for the site of Callan (A.M.) [40].

While we remove outliers from the runs of the original model in order to remain con-
sistent with the previous approach [1], we do not do this for the second model structure that
contains individual phases for the Noaillian and Rayssian. The reason is that the event date
model employed in ChronoModel automatically penalizes chronometric measurements
whose calibrated dates are far from the target event date or in contradiction with stratigra-
phy. This penalization eliminates the need for a dedicated outlier detection method [59].
The reason for removing outliers in the previous study was to test the efficacy of the au-
tomatic outlier penalization, and the comparison between initial model results to those
for which outliers had been removed showed that the results of the two were essentially
identical [1]. Therefore, we deem this supplementary analytical step unnecessary.

With respect to ChronoModel configurations, we employ the “Age Cal. BP” time scale
setting with a study period defined as 35–14 cal ka BP. We also use the default MCMC
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settings: 3 chains, 1000 burn iterations, 500 batch iterations with a maximum of 20 batches,
and 100,000 acquisition iterations with a thinning interval of 10 [62].

3. Results
3.1. Radiocarbon Measurement Results

Out of the 32 faunal remains and two charcoal samples submitted for radiocarbon
dating, 10 faunal remains were withdrawn following %N screening since their values
(≤0.38 %N) suggested that the chances of obtaining a date were poor. Out of the 24 main-
tained samples, three failed, resulting in a total of 23 14C measurements (Table 2) from
21 samples—two faunal samples (Flageolet-3 and Flageolet-12) were dated twice. Out of
the 20 dated faunal remains, age measurements for five were obtained from ultrafiltered
collagen samples, and the rest were measured from non-ultrafiltered collagen samples.

The only aberrant measurement is from the viable charcoal sample from La Picardie,
which is Holocene in age. Our ages from Le Flageolet I levels VII and VI, which we attribute
to the Lower Gravettian, correspond well to a number of ages obtained from the level
attributed to the same cultural phase at the Pataud rockshelter (various lenses in level
5) [37,67] (Table S1). Likewise, our ages for le Flageolet I levels V and IV, which we attribute
to the Rayssian, correspond well to one of the ages from level V published by Rigaud
et al. [27], as well as a number of the ages associated with level 4 upper at the Pataud
rockshelter [37]. The same is true for our ages obtained from Les Jambes, in that they
are comparable to those from Pataud level 4 upper. We do see inconsistencies, however,
between our ages from Le Callan and Le Facteur, whose dated levels we attribute to the
Noaillian, and those from the Noaillian level (4 upper) at Pataud. Our results from these
two contexts are younger than what we expected to obtain for Noaillian occupations. With
this dating campaign, we have added a large number of radiocarbon measurements to the
existing population of ages associated with Gravettian contexts in southwestern France. In
addition, it is important to have produced 14C ages for the site of Les Jambes, a site that
until now had not been the subject of chronological analyses.

3.2. Age Model Results

As described above, we ran a number of Bayesian age models. The first was the
exact same model and radiocarbon data published previously [1], re-run here with the
IntCal20 curve. The second age model used the same nested structure as the one published
previously. We injected our new radiocarbon ages into it and excluded ages that could be
considered outliers based on their posterior standard deviation values. Finally, for the third
age model, we modified the cultural phase portion of the model structure so that it included
two successive typo-technological phases, the Northern Noaillian and the Rayssian, that
were situated parallel to a contemporaneous phase for the Middle Gravettian Noaillian
assemblages from the Pyrenees (i.e., areas south of the Garonne River). Into this model, we
fed all of the radiocarbon ages employed in the 2019 study, those published by others since
2019, as well as those produced in the framework of this study.

The IntCal20 calibrated intervals and posterior event date Highest Posterior Density
(HPD) for all 14C measurements are presented in Table S1, and the modeled chronological
intervals (95%) for each model’s cultural (typo-technological) phases are contained in
Table 3.
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Table 2. Uncalibrated 14C measurements obtained from faunal and charcoal remains from Gravettian age site levels. Also provided are their taxonomic identifications,
C and N istotopic values, and percent collagen yields. Pretreatment codes (Pcode): AG–gelatin sample, AF–ultrafiltered collagen (gelatin), ZR–acid-base-acid. Table
available at https://doi.org/10.48579/PRO/U1GKGW.

Site Level Unit/Square Sample ID Pcode Lab Code Age Error δ13C δ15N %colY Genus/Species Human Modification

Le Callan c. I-II H4 Callan-3 AG OxA-37373 25,590 250 −19.5 6.1 1.3 Rangifer tarandus Cutmarks

Le Callan c. I-II G4 Callan-4 AG OxA-37225 25,020 220 −19.6 6.6 1.3 Rangifer tarandus green bone break

Le Facteur Chantier J, c. 11 sondage 72 Facteur-2 AF OxA-37413 24,740 190 −19.9 6.8 3.6 Rangifer tarandus scraping; green bone
break

Le Facteur Chantier J, c. 11 sondage 72 Facteur-3 AG OxA-37226 25,190 230 −19.9 7.4 2 Rangifer tarandus green bone break;
possible cutmark

Le Flageolet I c. VII C9 Flageolet-1 AG OxA-37374 27,630 330 −19.1 7.2 2.2 Cervus elaphus scraping

Le Flageolet I c. VII C10 Flageolet-3 AG OxA-37375 28,250 330 −20.1 5 2.3 Bovidae cutmarks

Le Flageolet I c. VII C10 Flageolet-3:
duplicate AF OxA-37415 28,110 280 −20 5.1 1.2 Bovidae cutmarks

Le Flageolet I c. VI C8 Flageolet-5 AG OxA-X-2778-13 * 27,850 700 −20.3 5.3 0.2 size IV cutmarks

Le Flageolet I c. VI C7 Flageolet-6 AG OxA-37376 27,560 300 −20.2 4.9 0.8 Bovidae cutmarks

Le Flageolet I c. VI C7 Flageolet-7 AG OxA-37228 25,870 250 −19.6 6.3 2.5 Rangifer tarandus cutmarks

Le Flageolet I c. VI C7 Flageolet-8 AG OxA-37229 27,460 300 −19.9 4.3 1.8 Rangifer tarandus cutmarks

Le Flageolet I c. V C10 Flageolet-10 AG OxA-37230 26,110 250 −20.8 6.3 1.2 Equus sp. retoucher

Le Flageolet I c. V C10 Flageolet-11 AG OxA-37231 26,230 260 −19.5 6.4 1.4 Rangifer tarandus none

Le Flageolet I c. V C9 Flageolet-12 AG OxA-X-2770-16 26,000 260 −19 7.9 0.9 Rangifer tarandus cutmarks

Le Flageolet I c. V C9 Flageolet-12:
duplicate AG OxA-X-2770-17 26,710 300 −18.8 7.7 0.6 Rangifer tarandus cutmarks

Le Flageolet I c. V C9 Flageolet-13 AG OxA-X-2772-36 25,900 500 −19.1 6.5 0.2 Rangifer tarandus scraping

Le Flageolet I c. V C10 Flageolet-14 AG OxA-X-2770-15 26,630 280 −18.4 6.6 0.8 Rangifer tarandus cutmarks; scraping

Le Flageolet I c. IV C6 Flageolet-21 AG OxA-X-2778-14 * 25,700 450 −19.2 7 0.2 Rangifer tarandus cutmarks

Les Jambes c. 3 B0 Jambes-1 AG OxA-37227 26,060 250 −20.6 5 2.8 Equus sp. none

Les Jambes c. 3 B Jambes-2 AF OxA-37414 25,450 200 −19.1 6.4 1.9 Rangifer tarandus none

Les Jambes c. 2 Jambes-4 AF OxA-37339 25,790 210 −20 7.2 2.4 Equus sp. (?) none

Les Jambes c. 3 B Jambes-5 AF OxA-38935 25,180 190 −19.5 5.6 2.7 Rangifer tarandus possible digestion

La Picardie c. 2na1 G10A Picardie-4 ZR OxA-41188 6621 21 −27.35 n/a n/a Querqus

* very small graphite target.

https://doi.org/10.48579/PRO/U1GKGW
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Table 3. Modeled intervals (calibrated calendar years BP) for typo-technological phases in the cultural
phase component of the various age models. Table also available at https://doi.org/10.48579/PRO/
ATD1RD.

2nd Generation Model [1] 2nd Gen. Model [1] 2019 Model Structure
with

IntCal13 Minus Outliers;
IntCal20

New Ages, Minus
Outliers; IntCal20

Modeled Interval (95%) Modeled Interval (95%) Modeled Interval (95%)

Typo-Technological
Phase Begin End duration

(yrs) Begin End duration
(yrs) Begin End duration

(yrs)

Lower Magdalenian * 21,182 17,978 * — 21,211 17,988 * — 21,195 17,985 * —

Badegoulian 23,090 20,777 2313 23,092 20,792 2300 23,117 20,799 2318

Middle & Upper
Solutrean 24,470 22,787 1683 24,440 22,836 1604 24,433 22,880 1553

Lower Solutrean 25,402 24,007 1395 25,387 23,951 1436 25,391 23,952 1439

Aurignacian
V/Protosolutrean 26,173 25,371 802 26,202 25,367 835 26,179 25,355 824

Final Gravettian 27,126 25,810 1316 27,140 25,836 1304 27,145 25,811 1334

Recent Gravettian 28,973 26,655 2318 29,165 26,670 2495 29,093 26,701 2392

Middle Gravettian
(north of Pyrenees) 31,520 28,589 2931 31,688 28,788 2900 31,135 28,743 2392

Middle Gravettian
Pyrenees 31,925 28,614 3311 32,116 28,821 3295 31,158 28,828 2330

Early Gravettian * 34,990 * 31,245 — 35,301 * 31,388 — 36,049* 30,753 —

Model w/new ages
IntCal20

Modeled Interval (95%)

Typo-Technological
Phase Begin End duration

(yrs)

Lower Magdalenian * 21,158 18,499 *

Badegoulian 23,119 20,798 2321

Middle & Upper
Solutrean 24,439 22,893 1546

Lower Solutrean 25,382 23,964 1418

Aurignacian
V/Protosolutrean 26,143 25,306 837

Final Gravettian 27,064 25,725 1339

Recent Gravettian 29,036 26,580 2456

Rayssian 30,519 28,518 2001

Northern Noaillain 31,205 29,995 1210

Middle Gravettian
(north of Pyrenees) * 30,797 * 29,916 * 881

Pyrenees Middle
Gravettian (Noaillian) 31,233 28,600 2633

Early Gravettian * 36,446 * 30,809

*—The beginning of the Early Gravettian and the end of the Lower Magdalenian are in italics and marked
with an asterisk because these two typo-technological phases were populated with a non-exhaustive sample of
radiocarbon measurements in order to reliably constrain the cultural phases targeted in this study. The same
is true for the Generic Middle Gravettian (north of Pyrenees) phase in the model structure with the successive
Noaillian and Rayssian phases due to the fact that this phase contained only a single radiocarbon age; therefore,
its calculated duration is not robust.

The cultural phase chronological intervals of the published 2019 model, originally cal-
culated using IntCal13, differ very little from those obtained by rerunning the same model
with the newest calibration curve, IntCal20. The same pattern is largely the case when the

https://doi.org/10.48579/PRO/ATD1RD
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2019 model run with IntCal20 is compared to the model using the same radiocarbon data
and model structure published in 2019, into which we injected the new radiocarbon dates
that we obtained in the framework of this study, in addition to those published since 2019.
For cultural phases posterior to the Middle Gravettian, one observes that the posterior
modeled age intervals for the different phases only differ by a few to several decades.
Larger differences, though, are apparent between the two models with respect to the Early
Gravettian and the two broad Middle Gravettian phases. In the model that incorporates the
newest ages, the Early Gravettian terminates a few hundred years more recently, around
ca. 31 cal ka BP. The northern Middle Gravettian phase has a slightly shorter duration due
to the fact that the beginning of its chronological interval occurs approximately 300 years
more recently than the 2019 model that uses the IntCal20 curve. It, however, still falls
within the span of time covered by the latter half of GS-5.2, through GI-5.1 and GS-5.1, with
a termination in the initial stages of GI-4. The biggest difference between the two models is
observed for the Pyrenees Middle Gravettian phase. In the newer model, this phase has
a shorter chronological interval of approximately 600 years, and this is because the latter
limit of the Lower Gravettian is younger, causing the Pyrenees Middle Gravettian to begin
after the onset of GS-5.2. This is in contrast to the interval modeled without the newest
dates, for which it begins during the preceding GI-5.2. In the new model, the Pyrenees
Middle Gravettian interval terminates during GI-4.

Concerning the model with successive typo-technological phases for Northern Noail-
lian and Rayssian archaeological contexts, we observe that these phases have modeled
durations of roughly 1200 and 2000 years, respectively (Table 3). The Northern Noaillian
phase begins at roughly 31.2 cal ka BP during the latter half of GS-5.2, which is roughly
the same as is observed in the preceding model in which these contexts were contained
in a single, broad phase. The Northern Noaillian terminates around 29.9 cal ka BP, which
is towards the beginning of HE3 (Figure 4). The beginning of the HPD for the Rayssian
phase occurs around 30.5 cal ka BP, just prior to the onset of GS-5.1, and its other extreme
is situated near the termination of GI-4, around 28.5 cal ka BP. The overlap between the
peaks of Northern Noaillian’s terminal HPD and the Rayssian’s initial HPD is situated
during the early stages of GS-5.1, and the peak of the Rayssian’s terminal HPD falls at the
midpoint of GI-4. This model structure indicates that the technical features associated with
the Rayssian are primarily concomitant with stadial climatic conditions and occur within
the timeframe of HE3. Finally, the model indicates that the transition between the Rayssian
and the Recent Gravettian occurred during GI-4.
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Figure 4. Phase interval results for each typo-technological (cultural) phase produced in the age
model structure in which specific and successive phases were included for the Noaillian and Rayssian
phases in regions north of the Pyrenees. (a) Modeled chronological intervals for the examined typo-
technological phases. The solid bars depict the shortest intervals within which fall the beginning
and end of each phase at the 95% confidence level. Highest posterior density distributions (95%) for
the beginning (dotted) and end (dashed) of each cultural phase are also illustrated. (b) NGRIP δ18O
record [68]. The chronological intervals for Heinrich Events (HE) 3 and 2 are depicted in blue. The
color-dashed interval preceding HE2 represents a period of North Atlantic cooling [69]. Greenland
Interstadials (GI) are depicted in grey.
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4. Discussion

The two age models containing new radiocarbon data presented in this study confirm
that the Middle Gravettian falls within a chronological window, 31.2–28.5 cal ka BP, that
encompasses Greenland Interstadial 5.1 and Greenland Stadial 5.1. In Western Europe,
this interval is a period during which a trend towards an opening of the landscape with
respect to vegetation is observed [70,71], even in southern alpine foothill contexts [72], a
trend replicated with dynamic global vegetation models [73]. This pattern is paired with
an increase in the frequency of loess deposition and periglacial features [74–77].

In both the Pyrenees and regions to the north, archaeological assemblages containing
Noailles burins appear towards the end of GS-5.2. While the factors implicated in the
appearance of the Noaillian remain to be identified, its appearance towards the end of a
stadial phase would suggest that its genesis reflects more the influence of cultural factors
than environmental ones, and if the latter were implicated, it would seem to be to a lesser
degree. As stated above, our reading of the Middle Gravettian archaeological record leads
us to propose the hypothesis that the Rayssian post-dates the Noaillian in regions north
of the Garonne River. The output of our model, with a cultural phase structure reflecting
this relationship, places the appearance of contexts containing assemblages associated with
the Rayssian lithic technical system during the terminal portion of GI-5.1, and it is present
throughout GS-5.1 (which includes Heinrich Event 3) and into the climatic amelioration
of GI-4. Despite the Rayssian’s initial appearance during a brief and relatively weak
interstadial phase, its duration suggests that its lithic technology was compatible with the
environmental conditions of Greenland Stadial 5.1, and this compatibility could explain its
relative longevity.

The Rayssian lithic technical system is recognizable by its method of producing
highly standardized bladelets to be used as elements in hunting weapon tips. The highly
standardized system of lithic reduction used to produce Picardie bladelets was also flexible
in the sense that diverse blanks (e.g., thick flakes or blades, or fragments of such) could
be used to create the characteristic Rayssian cores used to produce such bladelets. This
flexibility and ability to quickly produce standardized hunting weaponry elements falls
within the definition of a maintainable system [78]. Such systems are typical of highly
mobile hunter-gatherer groups, including those whose subsistence system is focused on
the intercept hunting of migratory prey species during certain periods of the year. The
reason is that access to high-quality lithic raw materials needed to repair hunting weapons
cannot be fully predicted during prolonged periods of intercept hunting. The use of a
flexible system of core production and management provides the ability to use transported
lithic raw materials to manufacture lithic hunting weapon elements to replace those that
were broken or lost during use, and in areas where access to lithic raw material sources
was potentially limited or non-existent. Maintainability can be paired with the concept of
curation, with the latter being a measure of how much utility was extracted from a tool,
with reference to its maximum utility, prior to discard [79]. An analysis of Rayssian bladelet
cores from two sites, one close to quality lithic raw material sources and the other not,
demonstrates that Raysse burin-cores were heavily curated in the lithic-poor region [80].
These maintainability and curation characteristics of the Rayssian lithic system, or at least
components of it directly linked to hunting activities, fit well with expectations for mobile
hunter-gatherer groups in cold, open environments that would have contained a non-
diverse spectrum of highly mobile prey. Such is the case for the Rayssian, whose contexts
are dominated by reindeer remains [17,81]. This signature of subsistence specialization
and related technical innovations during the Rayssian is also reflected in analyses of
the ecological niche exploited by groups during this cultural phase. Vignoles [6] finds
that the Rayssian ecological niche, with respect to the Noaillian niche (both north of the
Garonne and for the Noaillian as a whole), contracts and is focused on a very specific set of
environmental conditions. Thus, its specialized production of hunting armatures appears
to directly reflect this focus on a relatively narrow ecological niche.
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This trend towards a differentiation due to specialization already existed to a certain
degree between Pyrenees Noaillian contexts and those situated north of the Garonne River,
with the latter being specialized in reindeer hunting and the former associated with the
exploitation of a more diverse spectrum of prey species [81,82].

Finally, both the Rayssian and the Pyrenees Noaillian terminate at the onset of or
during GI-4, and the subsequent appearance of the Recent Gravettian suggests that the
technological features observed with this latter phase were well-suited to the environmental
conditions of the roughly 500-year time period following Heinrich Event 3. It has been
proposed that the disappearance of the highly normative Raysse method for producing
hunting weaponry and the subsequent appearance of a more flexible method of making
backed lithic inserts for composite hunting weapons are likely related to human territorial
modifications resulting from environmental and resource reorganizations brought about
by the rapid and relatively marked climatic changes of the GS-5.1–GI-4 transition [6]. It
is probable that the Recent Gravettian lithic system was derived from Raysse burin-core
technology but accepted a wider range of variation in the lithic knapping process. We hy-
pothesize that this is related to changes in social transmission processes or the consequence
of less strict and more easily transmissible and maintainable cultural adaptations during
the Recent Gravettian as a result of the proposed territorial and mobility transformations.
This cultural transition between the Middle and Recent Gravettian was likely staggered,
with an appearance first in southern regions followed by a slightly later appearance in
higher latitudes. For example, Paris [83] describes radiocarbon measurements from the site
of Renancourt 1 (Northern France) that indicate Recent Gravettian occupations beginning
there as of GI-3, ca. 28 ka cal BP, which is several centuries after the transition indicated
by our age model (Figure 4). Such delays in the settlement of higher latitude regions in
our study area have been previously proposed [83,84] and are an expected pattern when
human groups begin using previously uninhabited regions [85].

With respect to this study’s objectives, we have added a number of new radiocarbon
ages from Gravettian contexts to the available corpus of chronological data. Unfortunately,
our expectation that newly obtained radiocarbon ages from the targeted sampling of specific
archaeological contexts would unequivocally improve our understanding of the Rayssian’s
chronological extension was not entirely met. For example, the 14C measurements obtained
from the site of Callan are younger than we expected for a purely Noaillian context, which
we propose precedes the Rayssian, as they overlap almost entirely with GS-5.1 when simply
calibrated and do not overlap (or at least minimally with respect to OxA-37373) with
the posterior interval obtained for the Northern Noaillian in our model that separates the
Noaillian and Rayssian into successive phases. The same holds true for the site of Le Facteur,
as our new ages are relatively young for what we interpret to be predominantly a Noaillian
assemblage. On the other hand, for the site of Les Jambes, which we interpret to represent
Rayssian occupations, the ages that we obtained, with the exception of one (OxA-37227),
fall within GS-5.1 when calibrated. We were unable to date the purely Rayssian open-air
archaeological context of La Picardie as one of our charcoal samples failed to produce an age
and the other represents intrusive, Holocene-age charcoal. La Picardie effectively illustrates
the difficulties that we face in trying to obtain chronological data from open-air Rayssian
contexts in which organics are rarely or poorly preserved (e.g., La Picardie, Solvieux) and
also serves as an excellent example of our difficulty in grasping the chronology of Middle
Gravettian contexts situated in regions north of the Loire River. It is also important to
keep in mind the fact that we are attempting to evaluate the chronology of two typo-
technocomplexes that are defined differently—the Noaillian by the presence of a particular
type of burin and the Rayssian by a specific and recognizable lithic reduction technique for
producing bladelets—and this use of criteria that are not necessarily comparable renders
our understanding of the chronological relationship difficult.

However, based on our reading of the Middle Gravettian archaeological record and
our Bayesian age model structure that operationalizes our interpreted relationship between
the Noaillian and the Rayssian typo-technocomplexes, we propose that the Noaillian north
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of the Garonne River appears slightly after Noaillian contexts observed in the Pyrenees,
both during GS-5.2. Our model indicates that the Rayssian, based on the few dated contexts
available, appears during the termination of the relatively minor Greenland Interstadial 5.1
and covers the entirety of GS-5.1. Thus, it appears to represent a technology well-suited
to the environmental conditions of GS-5.1, during which we observe Heinrich Event 3.
Naturally, our chronological evaluation of the relationship between the Noaillian and
Rayssian is grounded on specific hypotheses, and our findings will need to be evaluated
further as new archaeological and chronological data become available.

Supplementary Materials: The following supporting information can be downloaded at: https:
//doi.org/10.48579/PRO/ATD1RD. Table S1: List of 14C ages, and their associated archaeological
contexts, analyzed with the two Bayesian age model structures described in the text. The ages
are organized by archaeological cultural phase. The unmodeled (calibrated) Highest Posterior
Distributions (HPD, 95%) are provided in columns H and I. Columns J and K contain the results
of Banks et al.’s [1] model run with the IntCal20 calibration curve [65]. Columns L and M contain
the posterior intervals for event dates and cultural phases obtained by employing the same model
structure as Banks et al. [1], including newly published ages as well as those obtained in this study.
Columns N and O present posterior intervals for event dates and cultural phases obtained with an
age model that separates the Northern Noaillian and Rayssian cultures of the Middle Gravettian
into distinct, successive phases. Outlier determinations were made by examining the median (Q2)
posterior standard deviations for the individual event dates; those with values greater than 420 are
considered outliers. Outliers were removed from the models by employing the 2019 model structure.
Since outliers are heavily penalized by ChronoModel, their removal was not necessary for the second
model structure that separated the Northern Noaillian and Rayssian into successive phases. Event
dates with median posterior standard deviations greater than 420 are depicted in bold, maroon italics
in columns N and O [86–121].
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