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Section 1 — Stratigraphic background of Stajnia Cave
Marcin Zarski

Stajnia Cave (50°36°58"N, 19°29°04"E) is located on the northern side of the Miréw Elevation at an
altitude of 359 ma.s.l. between the villages of Miréw and Bobolice in the Krakow-Czestochowa Upland
(Poland). The cave is a rocky elevation on the Upper Oxfordian massive limestone with a narrow
morphology (length of ~23 m, width of ~2-4 m, and height ~6 m)* (Fig. S1). Archaeological fieldwork
at the site was carried out between 2007 and 2010, and the excavation covered an extension of ~16 m?
in the rear of the cave. In 2008 and 2009, geophysical analysis by resistivity-tomography indicated that
the thickness of sediments at the centre of the cave might reach ~6-7 mt.

Stratigraphy
The sedimentary sequence of Stajnia Cave is composed of 15 lithostratigraphic layers dated

from the Early Glacial (MIS 5c) to the Holocene and represented by cave loams containing limestone,
rubble, sand, silt, and clay® (Fig. S1). The stratigraphy is complicated due to post-depositional frost
disturbances, partial sediment sinking, and modern distortions (Fig. S1). At the top is unit A, composed
of a Holocene humus horizon with limestone rubble mostly removed during late Medieval times. In
some areas of the cave, the humus horizon is heavily reworked and classified as unit SH. Below unit A
lies unit B, composed of two layers (B6 and B7). Layer B6 is characterized by yellow sandy cave loams
with a great amount of limestone rubble and sandy lenses. The gravel fraction is dominant among the
other fractions (sand (26.1%, the average value for the layer), clay (19.8%) and silt (6.1%)). Below is
layer B7 described as yellow, silty-sandy cave loam with limestone rubble and sandy lenses (levels:
120 cm - 65 cm;). The silty fraction (67%) is more abundant than sand (20.1%), clay (8.1%) and gravel
(4.8%).

The next unit is unit C which includes several layers. On top is layer C6 (levels: 140 cm - 70
cm) composed of yellow sandy cave loams with rubble. This layer is found generally below layer A
and, in some areas, below layer B6. The granulometry of layer C6 is fairly uniform in vertical profile
and consists of sand (36.9%), gravel (25.9%), clay (19.7%) and silt (17.5%). In this layer, slightly
rounded rubble (82.5%), sharp-edged rubble (17.5%), and single pieces of rubble with pits and
manganese-irony inclusions on its surface are also observed. Below is layer C7 located close to the cave
wall (levels: 130 cm - 85 cm). This layer is discontinuous and consists of brown-yellow cave loams,
including fractions of sand (more than 40%), silt (more than 20%), clay (about 20%) and gravel (over
10%). The content of the humus in this layer is 0.74%. Layer C18 lies on complex D and is
discontinuous (levels: 130 cm — 95 cm). Layer C18 consists of light-grey, silty-sandy cave loams with
limestone rubble. The silty fraction (45.1%) is prevalent over other types of fractions (including sandy
(34.9%), clay (10.5%) and gravel (9.5%)) characteristic of this layer. The slightly-rounded limestone
rubble with a high content of the sharp-edged rubble is prevalent in this layer. The discontinuous layer
C19 lies on layer D1 (levels: 120 cm — 105 cm). The granulometry composition consists of grey cave
loams with red streaks and limestone rubble. The following types of fractions are distinguished: sand
(about 39.1%), silt (21%), clay (17.8%) and gravel (23.4%). Slightly-rounded rubble with pits of
chemical etching and sharp-edged rubble with different surfaces can be observed in this layer.

Unit D includes four layers (D1, D2b, D2 and D3) characterized by the highest content of
organic matter including numerous faunal and lithic remains. The average thickness of this unit is about
50 cm. During the excavation, four Neanderthal teeth were discovered in layer D1, and another three in
layer D2. The granulometry of layer D1 consists of light-brown, sandy-clayey-silty cave loams with
rubble (levels: 180 cm — 95 cm). Some differences in the proportions of the granulometric composition
in each level have been observed. The sandy fraction (38.7%) is dominant among the other distinguished
types of fractions (clay (17.6%), silty (16.1%) and gravel (16.3%)). Slightly rounded rubble (60%) with
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an admixture of the rounded rubble (13%), with magnesium-phosphorus precipitates in some areas and
a slightly higher content of sharp-edged rubble (27%), prevails in this layer. The local limestones (from
43.8% to 63.8% of the content) are prevalent in the mineral composition of the sandy fraction. The layer
D1 contains quartz (from 25.5% to 48.6%) and faunal remains (from 1.5% to 17.8%). The content of
humus in this layer is high (1.2%). Layer D2b was probably formed during the deposition of layer D2
and has a discontinuous structure. In terms of granulometry, layer D2b consists of light-brown sandy
cave loams with limestone rubble (levels: 190 cm — 175 cm). This layer includes the following types of
fractions: sand (from 71% to 49%), silt (from 9% to 18%), clay (from 17% to 21%) and gravel (from
3% to 9%). Among limestone rubble, the slightly-rounded rubble (79%) is prevalent over both rounded
rubble (10%) and sharp-edged rubble (11%). Corrosive pits and magnesium-phosphorus precipitates on
the surface of the rubble have also been observed.

Below layer D1 is located layer D2 composed of light-brown sandy-clayey cave loams with
rubble (levels: 220 cm - 155 cm). The granulometric analyses were not conducted for this layer. The
content of the humus in that layer is high (1.3%). The D2b structure is observed in the ceiling of layer
D2 and its geological characteristic is similar to that established for layer D2.

Layer D3 is of moderate thickness (about 30 cm) and is located at the base of layer D2 and
above layer E1 - described at some places as layer E (levels: 210 cm — 190 cm). Layer D3 consists of
dark-brown, sandy-clayey cave loams with an admixture of fine limestone rubble. The sandy fraction
is prevalent (its average percentage of the content of this layer is 38.2%) over the other types of fractions
(fraction clay - 24.9 % and silty - 23.1%).

Unit E underlying complex D consists of two layers: E1 (archaeologically sterile) and E2 (with
a few Late Middle Palaeolithic flint artefacts). The presence of a great amount of large limestone rubble
is characteristic of these layers (levels: from 130 cm to 250 cm). Layer E2 underlies layer E1. In some
places, where both layers (E1, E2) are not distinguished, they were described as layer E. Layer E1
consists of a great amount of limestone rubble and its thickness is about 50 cm (levels: 225 cm — 110
cm). The results of the granulometry analysis indicated that 71.3% of this layer consists of rubble. In
terms of granulometry, layer E1 is composed of light-grey, sandy-silty cave loams with a significant
amount of limestone rubble. Within this layer, the percentages of the different types of fraction changes
significantly (clay fraction (10% - 25%), silty fraction (7% - 44%) and sandy fraction (14% - 75%)).
The slightly-rounded rubble (88%) with an admixture of the rounded and sharp-edged rubble is
prevalent whereas rubble with corrosive pits and magnesium-phosphorus precipitates on the surface is
also present. The dominance of the limestones (more than 55%) over quartzes (more than 30%) in the
mineral content of the sandy fraction of layer E1 has been observed. The content of humus in that layer
is not high - 0.89%. In terms of granulometry, layer E2 consists of brown-grey (at some places black)
silty cave loams with significant rubble. It includes the following types of fractions: silty and clay
(50%), sandy (from 23% to 37.7%) and gravel (from 5% to 8.8%). Dominance of the limestones (more
than 60%) over quartzes (more than 30%) in the mineral content of this layer has been observed.

Below unit E is layer F (levels: from 250 cm to 130 cm) composed of light-grey to brown sandy
cave loams. The sandy fraction (more than 40% of the layer content) is prevalent over the two other
types: silty (about 30%) and clay (about 15%). Numerous black calcium-phosphate concretions among
the limestone rubble are also documented. The rubble from this layer is characterized by its rounded
edges. The content of humus is low (0.43% and 0.53%).

At the bottom is layer G (levels: from 250 cm to 130 cm). Due to the discontinuities of the
upper layers in some areas close to the walls of the cave, layer G is also located under layers E1, E2
and D1. This layer consists of orange-brown sandy cave loam with a small amount of limestone rubble.
The sandy fraction is dominant over silt and clay, and limestone prevails over quartzes in the mineral
content.



Geological analyses

The average percentage of the clay fraction (0.01-0.001 mm) in layers distinguished in Stajnia
Cave varies from 18-19%. The lowest values of the clay fraction are recorded in layers B6 and C18 —
8.1 and 10.5% respectively. The highest values are recorded in layers D3 - 24.9% and G -19.1%. The
clay fraction arises mainly as a result of chemical weathering, which depends mainly on humidity and
temperature. At higher temperatures, there is a larger amount of chemical weathering. Differences in
values of the clay fraction are probably linked with small temperature variations. Layers B7 and C18
may have been deposited in colder temperatures than others. The percentage of the silty fraction (0.1 -
0.01 mm) in each layer varies from 6.1% in layer B6 and 13.8% in layer D2b to 67% and 45.1% in
layers B7 and C18 and 34.5% in layer E2. In all other layers, the average is more than 30%. A large
supply of dust was deposited in periglacial conditions during the cold climate. It correlates with greater
values of silt fraction in these layers. The smallest fraction of silt content is observed in layers C6, D2
and D2b, and is connected with ground vegetation cover and a warmer climate. The percentage of the
sandy fraction (2-0.1 mm) between layers varies from 20.1%-20.6% up to 60.1% in layer D2b. A greater
proportion of the sandy fraction may suggest a slightly wetter environment and water transport. Sand
can also be transported by C processes.

Analyses of the morphology of rubble limestone layers were carried out in layers C6, C18, D1,
D2b, E1, and F2 in two fractions: 10 mm - 20 mm and 20 mm. Slightly rounded rubble prevails in the
studied samples of limestone. Layers D1, D2b and E1 have an admixture of fine rounded limestone
rubble of about 10%. This indicates a slightly warmer climate during the accumulation of these layers
compared to the rest. The highest percentage of sharp-edged limestone rubble is observed in layer C18
- above 40%. The limestone rubble from these layers is covered with precipitations of phosphorus and
iron and manganese oxides. Manganese is a result of weathering of dark minerals such as amphiboles,
pyroxenes and biotite in humid and warm climatic conditions. In layer F2, limestone rubble is
characterized by a porous surface indicating chemical weathering. In the mineral-petrographic
composition, local limestone rocks dominate as a product of weathering, ranging from 70% in layer G
to 54.6% in layer D2. The content of quartz grains ranges from 28% in layer G to 34.8% in layer D2.
Quartz comes from outside the cave and was transported by water or aeolian processes. The admixture
of crystalline rocks does not exceed 2%. Manganese-iron concretions are very scarce with the exception
of layer E1- 3%. A significant admixture of animal remains is found in layers D2 and E1 (8.7% and
3%).

In all layers except layer G, rounded matt and half-matt (RM and EM/RM) quartz grains
dominate (70%), indicating strong aeolian processes in dry and cold climatic conditions. In layer G,
aeolian quartz grains only made up 30%. In this layer (52.1%) polished grains characteristic of fluvial
sedimentation predominate, which accumulate in warm climates. The content of polished,
intermediately-rounded, glossy quartz grains reaches 20% in the rest of the layers. The content of broken
grains (C) is about 10% in all layers. These grains are characteristic of mechanical weathering in a cold
climate (frost processes). Based on studies of the quartz grain surfaces, it can be concluded that the
sediments in the investigated layers were accumulated in a cold and dry climate.

The content of transparent (allochtonic) minerals in the heavy fraction is 28.3% in layer G,
increasing to 67.3% and 58.8% in layers D2 and D2b. Heavy minerals mainly come from the outside
as a result of weathering of sediments. Layers D2 to G are marked by a decreasing content of transparent
minerals, which may be associated with the processes of chemical weathering in warmer climates. The
decline of transparent heavy minerals is noted in layers C7 and B7. The content of transparent mineral
in layer C6 is 78.4%, indicating deposition from outside the cave in a cold climate.

The composition of heavy minerals is predominated by non-transparent minerals, mainly
carbonates (ca. 40%) in situ resulting from the dissolution of limestone rocks. The increasing content
of carbonates are from Layer D3 to layer F may suggest wetter conditions of sedimentation. The
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carbonate content in layer C6 is not recorded. The contents of primary and secondary oxides are
approximately 10%. Garnet is dominant among transparent minerals, as it is resistant to mechanical
damage but less resistant to chemical weathering. The content of garnet in layer C6 is 44.4%. Beginning
in layer D2b, garnet content declines (in layer F it is 4.8%). The decrease in garnet content in these
layers indicates chemical weathering in warm climates. Low garnet content (16%) is also recorded in
layer B7. In all layers, there are traces of the minerals least resistant to weathering: glauconite, biotite,
pyroxene and muscovite. Amphibole, which has weak chemical weathering-resistance, represents a
small percentage. It is noted that small fluctuations of amphibole content in layers may indicate small
temperature fluctuations. The highest amphibole content is observed in layer C6 - 10.4%. Higher
amphibole content may indicate cold climate conditions. The lowest amphibole content is observed in
layer E2 - 1.6% and layers D3 and C7 - 2.3%. The lower amphibole content may indicate more intense
chemical weathering in warmer climates.

Among the heavy minerals, a significant portion is very resistant to weathering. These are
zirconium (2-6%), tourmaline (2-6.7%), topaz (1-6%) and staurolite (7-10%). These minerals, together
with the garnet minerals, constitute the vast majority of the transparent minerals. A large amount of
very weathering-resistant minerals indicates redeposition of mainly sandy sediments before
accumulation in the cave.

Calcium dominates the main elements, reaching an average of 50% from a group of
distinguished elements. The highest value of calcium is noted in layer B6 - 85% - and the lowest in
layer E2 - 37%. Calcium dissolves easily in water. Low calcium content may correspond to drier
climatic conditions. The aluminium content ranges from 6% in layers B6 to 27% in layer E2. The
average aluminium content in the other layers is about 17%. Aluminium mainly originates from outside
the cave. Little variation in aluminium content values between the layers indicates similar sedimentation
conditions. Phosphorus accounts for a significant percentage of the group of main elements. Phosphorus
most likely originates from the destruction of skeletal remains. The highest phosphorus content is
observed in layers F and G - 20.6% and 19.2%. The lowest percentage of phosphorus is observed in B6
and C6, layers D3 and C7 - 2.3% and 2% respectively - and in layer C7 - 5%. The phosphorus content
in layer E2 is 11% and is lower than in the E1 layer - 16%. Similar phosphorus values are recorded in
layer D2. Increased phosphorus content in the sediments is probably associated with stronger chemical
weathering in warmer climates. The iron content in the cave sediments in the group of selected elements
ranges from 2.81% in layer B6 and 11.2% in layer C7. The content of iron in the other layers is about
8-9%. The content of Fe in cave loams is higher than in the surrounding rocks. Iron enters the cave
through water and aeolian transport. The potassium content ranges from 4% in layers G and F to 9.8%
in layer C6. The potassium content in other layers is 6-7%. Potassium comes from the weathering of
rocks and the feldspar and mica content originates from outside the cave from Pleistocene sediments.
Small fluctuations in potassium show similar sedimentation conditions represented in each layer.
Sodium content is about 2% in selected layers in the cave. Only layers C2 and B6 contain 0.8% and
1.5% sodium respectively. Sodium is also formed by the weathering of feldspars. The magnesium
content present in each layer is approximately 1%. The magnesium content in layer C6 is 3% and is
2.2% in layer C7. The lowest magnesium content is 0.6% in layer B6. Magnesium comes from the
leaching of limestone in an environment of high humidity.

Trace elements are present in the cave sediments in minute quantities - 500-3500 ppm. Titanium
is produced by the mechanical weathering of minerals, mainly iron. The highest percentages of titanium
are recorded in layers C6 - 62.3%, B6 - 53.3%, C7 - 50.5% and E2 - 42.5%. The lowest percentage of
titanium is present in layer F - 20.4%. The titanium content in the remaining layers is about 30%. Larger
guantities of titanium may indicate increased mechanical weathering in cool climates. Manganese is the
result of chemical weathering of limestone rocks in warm climates. The largest share of manganese is
observed in layer F - 55% and layer G - 39%. The lowest manganese content is recorded in layers B6 -
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15.8%, C6 - 13.8% and C7 - 19%, and is evidence of cold climatic conditions. The content of manganese
in the remaining layers is about 30%. Barium content in all layers is similar and is approximately 10%.
The content of zinc in different layers is variable and ranges from 5.3% in layer C6 and 8.6% in layer
C7. The zinc content is 20% in layer B6 and 19% in layer C9. Zinc content in the other layers varies
between 10% and 15%. Smaller amounts of Zn may indicate drier climate conditions and larger amounts
indicate wetter climatic conditions.

The highest carbonate content is observed in layer C9 - about 12%. In layers D2, D2b, D3, and
E1, carbonate content ranges from 4-6% and in layers E2, F and G it exceeds 4%. Low carbonate levels
are connected with relatively moist climates. The content of organic matter is low, less than 1% in most
of the cave layers. The organic matter content is only bigger than 1% in layers D1 and D2, probably as
a result of more recurrent human occupations.

Laboratory analyses confirmed differences in the types of sediments and their mineral and
lithological characteristics due to climatic fluctuations during the accumulation of sediments in every
layer. Sediments of layer A were accumulated in the Holocene and correlate with MIS 1. Sediments in
layers B6 and B7 were deposited in cool climates and could correlate with the Late Pleniglacial or the
Late Glacial (MIS 2 or MIS 2/1). Sediments in layers C6, C7 and C18 were accumulated in colder
climates compared with other layers and the age of these layers suggest a correlation with the Late
Pleniglacial (MIS 2) (Table 1). The sediments of layer C19 were deposited in a slightly warmer, but
still cool climate in the Middle Pleniglacial (MIS 3). The sediments of layer D1 were accumulated under
similar climatic conditions to those of layer C19 and correlate with the Middle Pleniglacial (MIS 3).
Slightly warmer climatic conditions prevailed during the accumulation of sediments in layers D2b, D2
and D3 and the age of these layers can be correlated with the Middle Pleniglacial (MIS 3). In fact, in
layer D2b, the dating of two mammoth tooth fragments by U-Th series yielded ages of ~52,900 BP, and
a radiocarbon date on an ungulate bone is >49,000 BP. In layer D3, two fragmented bones of a bear and
an ungulate are >49,000 BP (Table 1). The sediment of layer E1 suggests a cold and harsh environment
and is associated with the Early Pleniglacial (MIS 4), with a radiocarbon date on an ungulate bone from
this layer >49,000 BP (Table 1). The sandy-silty loam accumulation of layer E2 reveals warmer climatic
conditions possibly connected with the Odderade Interstadial (MIS 5a). Sediments in unit F could have
been accumulated in slightly cooler climates during the Rederstall Stadial (MIS 5b). Sediments in unit
G were accumulated in warmer climates than deposits in layer F and can be correlated with the Brarup
Interstadial (MIS 5c¢) (see also* and Table 1).



Section 2 — Pollen Analyses
Hanna Winter

The study of the pollen of Stajnia Cave was carried on the sediments from layers D2, D2b/D, D2b, D1,
C19, C18, C7 and C6 (Table S1). The samples analysed yielded 8,092 pollen grains, of which 7,547
could be identified at the rank of family, genus, or species (Table S1). Laboratory sample preparation
included calcium carbonate dissolution in 10% HCI. Next, the sediment was boiled in 7% KOH, and
the separation of the mineral fraction was made with the use of heavy liquid (water solution of cadmium
iodide and potassium iodide, density c. 2.1 g/cm3). The maceration was conducted according to the
modified acetolysis procedure after Erdtman? The examination revealed different frequencies and
various degrees of preservations. Heavily destroyed and, thus unidentifiable grains, are present in every
sample. Some pollen could be identified only at the rank of family. Poor grain preservation is typical
for cave sequences, and the pollen spectra from Stajnia are relatively well preserved and rich in
comparison to other caves from the Czestochowa Upland®.

The spectra are dominated by pollen of NAP (dwarf shrubs and herbaceous plants), represented
mostly by Cichorioideae, whereas other pollen such as Helianthemum, Anthemis t., Asteraceae,
Apiaceae, Poaceae, Caryophyllaceae, Cirsium t., Brassicaceae, Artemisia, Ericaceae, Cheonopodiaceae
are present at a lesser percentage. The tree pollen includes Betula and Pinus sylvestris t. while pollen of
other tree species occurred sporadically. Polypodiaceae spores were relatively frequent. This data
indicates that the spectra from the studied archaeological layers are characterised by strong domination
of NAP, which suggests an open environment® (Fig. S2). This interpretation is supported by the
presence of Helianthemum and Artemisia, common in nearly all samples. Helianthemum is typically a
heliophilous genus, growing in full sunlight. Heliannthemum nummularia grows on dry soils, but other
varieties could appear on soils with different degrees of moisture. Since the species of Helianthemum
is entomophilous (self-pollinating), it produces a low amount of pollen and generally is
underrepresented in the pollen spectra®.

Several pollen types such as Cichorioideae, Cirsium t., Brassicaceae and Thalictrums represent
humid conditions. The grassland biotopes were a source of pollen of Potentilla t., Galium t., Apiaceae,
and Bupleurum falcatum t. (Table S1). Steppe flora is represented by Artemisia, Poaceae,
Chenopodiaceae, Helianthemum nummularia t., Asteraceae, Centaurea (Table S1). The presence of
Ericaceae, Polygonum bistortat., P. aviculare t., Polemonium, Valeriana, Plantago media, Ranunculus
acris t. is an indicator of meadow-tundra vegetation. The Arctic and alpine-type flora is represented by
Saxifraga hirculust., S. oppositifoliat., S. stellaris t., Polygonum bistora t. and Selaginella selaginoides
(Table S1).

Precise palaesoenvironmental reconstruction is difficult due to the limited value of pollen data.
The high percentage of NAP pollen, caused by the Cichorioideae overrepresentation, biases the AP to
NAP ratio, which could be an indicator of a forested environment (Table S1). Although open landscape
species dominate in the pollen record, it is worth noting the relatively high percentage of Betula, whose
grains are relatively heavy, suggesting the presence of trees in the direct vicinity of the cave during the
deposition of most of the analysed units. The presence of Pinus pollen is relatively low and could have
transported from a more distant source. However, some remains of pinewood were identified during
the charcoal analysis.

In conclusion, palynological data from Stajnia cave reflect the local environment, precluding a
broader vegetal reconstruction at the regional or micro-regional level. However, the analysis indicates
that during the deposition of sediments the climatic conditions were relatively cold with a continental
climate influence. The continental climate influence systematically increased starting from unit D2 and
continuing in units C19 and C18, which document the most severe conditions. These data are consistent



with the palynological record of trees, the shrub presence, and the geological observations (SI Section
1, see also?).



Section 3 — The faunal assemblage
Adrian Marciszak, Pawet Socha, Krzysztof Stefaniak, Adam Nadachowski

The detailed zooarchaeological study of the total faunal assemblage is published in“. It is worth noting
that the larger faunal remains consist of more than 31,000 determined teeth and bones of small
mammals, reptiles and amphibians. Only 13,500 bones, bone fragments and teeth belong to larger
mammals and birds. At least 26 species belong to carnivores (Carnivora) and herbivores (Artiodactyla,
Perissodactyla and Proboscidea) compose the larger mammal assemblage (details in the SI in*). Most
of the identified large mammals were found in the archaeological levels of unit D and older layers of
unit C. The Mammuthus-Coelodonta Complex is represented by nine different species and reindeer is
the most abundant species. The carnivore paleocommunity from Stajnia Cave consists of 18 species (in
Table S9 of Picin, et al.#). The bone assemblage is highly fragmented. Among the three canids present,
the most frequent is Vulpes vulpes (red fox) whereas Canis lupus (wolf) and Vulpes lagopus (Polar fox)
are documented in a lesser percentage. Bear remains are mostly assigned to Ursus spelaeus ingressus,
mostly present in units D and C. A typical steppe species, the steppe polecat (Mustela eversmanii) is
documented with a great number of stoat (Mustela erminea) and weasel (Mustela nivalis) remains. The
avifauna is dominated by the genus Lagopus (L. lagopus and less frequently L. muta) as well as corvids,
especially Corvus monedula, and the genus Tetrao with almost 600 bone remains.



Section 4 — The lithic assemblage
Andrea Picin and Andrzej Wisniewski

The lithic assemblage of Stajnia Cave is composed of 545 lithic items (Tables S2 and S3). The raw
material used for the knapping activities is Jurassic flint, gathered from outcrops located in the
neighbourhood of the site. Macroscopic examination of the assemblage reveals differing preservation
of the lithic artefacts. Several items are rounded and heavily patinated while others show fresher edges
and lighter desilication patina on the surfaces. This pattern is present throughout the sequence with no
clear differences between layers. Moreover, the reconstruction of the chaine opératoires indicates a
mixing of artefacts from different chronologies suggesting that post-depositional frost disturbances and
modern distortions displaced the lithic items between different levels. Because of these taphonomic
conditions, the assemblage is analysed as a whole, and the stratigraphic subdivision should be
considered cautiously.

The technological analysis indicates that most of the artefacts could be attributed to the Middle
Palaeolithic and, in particular, to the Central European Micoquian whereas the stone tools ascribed to
the Upper Palaeolithic are few (Tables S2 and S3). The number of cortical flakes indicates that knapping
activities were generally carried out outside the cave, and the artefacts were transported to the site as
components of the toolkit. The examination of the core collection shows that the main strategy of
reduction is centripetal using the discoid and the hierarchized centripetal methods (Table S3). Although
these reduction strategies are distinctive of the Middle Palaeolithic, several examples are also found in
units C (MIS 2-1), and in the dump. The examination of the lithic by-products shows the presence of
centripetal flakes and artefacts associated with the maintenance of the core convexities such as core-
edge removal flakes and pseudo-Levallois points (Table S2).

The use of Levallois technology is attested by one recurrent centripetal core in layer D2 whereas
the other examples documented in layers D1 and D3 are heavily rounded, making the identification of
the modality difficult. Some Levallois flakes are found in layers C18, D1 and D2, and were produced
using the modalities recurrent unidirectional, bidirectional and centripetal (Tables S2 and S3). The
remaining artefacts of the secondary operative chains are hierarchized bidirectional, simple
unidirectional and polyhedral cores. These reduction sequences were aimed at the production of
ordinary flakes of different sizes. A refitting between a hierarchized core and a centripetal flake is found
in layer C7.

The assemblage of retouched artefacts includes scrapers and notched tools (Table S2). It is
worth noting the presence of three exhausted bifacial tools, a fragment of a leaf-shape point, and few
bifacial preforms (Table S2). Some flakes show the occurrence of lipped platforms, a feature associated
with the use of a soft hammer and bifacial shaping. In the collection, a scraper on a cortical blank with
a Quina scaled retouch and one groszak were also found. Moreover, a point with inverse retouch and
hinge fracture near the tip stand out (Fig. S3 n°5). Although the lithic assemblage of Stajnia Cave is
highly fragmented and bifacial backed knives (Keilmesser) are missing, the presence of bifacial tools,
leaf point and groszak supports the association with the Central European Micoquian (see?).

In comparison with the Micoquian stone tools, the amount of Upper Palaeolithic artefacts is
smaller and comprises only 66 lithic items, of which nearly half are broken (Tables S2 and S3). The
high fragmentation of the chaine opératoires, the absence of diagnostic stone tools and the post-
depositional processes that displaced the artefacts between the different layers makes the cultural
discrimination of the laminar and lamellar by-products difficult. The results of the radiocarbon dating
indicate human occupations during the Early Aurignacian and Magdalenian (Table 1 and Sl Section 7).
In order to discriminate between the artefacts, the attribution to the Early Aurignacian or Magdalenian
is based on the technological features of the by-products.
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In the assemblage, three cores were found (Table S3). A lamellar core, discovered in layer E2,
is characterized by preparation of the striking platform with two unidirectional removals, bidirectional
detachments on the flaking surface, and preparation of a crest on the backside of the core (Figure S3 n°
4). The second prismatic lamellar core, found in layer D1, is probably made on a cortical flake or a
chunk (Figure S3 n® 7). The striking platform is prepared with a unidirectional detachment whereas the
flaking surface is narrowed by a lateral removal from the mesial-distal side. A hinged knapping accident
occurred during the bladelet production and the core was discarded. The latter bladelet core was found
in the dump and out of context (Figure S3 n° 6). The striking platform is prepared with two orthogonal
removals whereas the flaking surface is shaped in a triangular morphology by two invasive
detachments. During the production, a knapping accident removed a portion of the flaking surface
leaving evident only one bladelet removal. Although in the Western Early Aurignacian lamellar cores
are mostly carinated>’, similar approaches to the examples of Stajnia in the shaping of the core
convexities and the abrupt unidirectional bladelet production occur at the Aurignacian sites of Ksiecia
Jozefa layer 118 and Piekary I1 layer 6%°, Small prismatic cores are also documented at GeiRenkldsterle
AH 1111, On the other hand, the three cores are missing the careful preparation of the striking platforms
(e.g. en éperon technique) which is common in artefacts of the late Magdalenian??4,

In the assemblage, by-products attesting the management of the core convexities includes only
two core-rejuvenation flakes (core tablets) found in the dump (Table S2). Ordinary blades are common
whereas bladelets are few (Table S2). Unfortunately, retouched bladelets are missing, impeding a more
detailed cultural attribution. After a broad comparison with other Polish Upper Palaeolithic collections,
a large semi-cortical blade, a refitted Aurignacian blade, a crested blade, and three blade fragments with
plain platforms are attributed to the Early Aurignacian (Fig. S3 n° 1, 3; Fig. S4 n° 1, 6, 7, 14, 15).
Conversely, three blades with lipped platforms, typical of soft hammer percussion, and a bladelet
fragment are associated to the Magdalenian® (Fig. S3 n° 2; Fig. 4 n°4, 5, 16). The remaining artefacts
are regrettably broken or undiagnostic, making their chronological placement difficult.

In the assemblage, an endscraper, a dihedral burin on a core-edge blade, and probably a dihedral
burin on a blade were also found (Table S2). In Central Europe, burins occur together with endscrapers
in the Early Aurignacian assemblage of GeiRenklosterle AH 111** whereas in Poland they are found at
the Aurignacian site of Krakéw-Zwierzyniec'®. From this perspective, the large dihedral burin made on
a core-edge blade (Fig. S4 n° 18) is tentatively attributed to the Aurignacian although the association
with the Magdalenian could not be excluded'’. Conversely, the other burin is characterized by a curved
lateral removal that could also be produced after a fracture (Fig. S4 n° 22).

Contextualizing the lithic assemblage of Stajnia Cave

In Poland, the period between 50-40 ka BP was characterized by the succession and overlapping
of different cultural entities that have no comparison with the other European regions. These
archaeological evidences are scattered in rather small areas ranging between the neighbourhoods of the
city of Krakdw, the Krakow-Czestochowa Upland, the Western Carpathian Mountains, Lublin, and
Lower Silesia’®?', During the final Middle Palaeolithic, concurrent with the Central European
Micoquian, three transitional industries are documented: the Szeletian, the Jerzmanowician and the
Zwierzyniecian?*2%, While the Szeletian and the Jerzmanowician are renewed techno-complexes, the
Zwierzyniecian is generally less known in the European panorama. This industry is dated approximately
40 ka BP at Krakéw-Zwierzyniec site 1, and is composed of arch-backed points that morphologically
are similar to the Uluzzian lunates and Chatelperronian points?2, Similar artefacts are also found at
Mamutowa Cave and Obtazowa Cave??°,

The beginning of the Upper Palaeolithic is also heterogeneous and divided into three main
Aurignacian variants: 1) the Zwierzyniec Type - characterized by higher percentages of burins over
endscrapers and retouched tools; 2) the Piekary Type - characterized by higher percentages of
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endscrapers over burins; 3) the Gora Putawska Type - typified by the higher amount of end-scrapers,
Dufour bladelets and fewer burins?:?’. Following this typological subdivision, Gora Putawska was
associated to the Protoaurignacian (Krems-Dufour facies), and the Zwierzyniec and Piekary variants
were related to the Typical Aurignacian (nowadays known as Late or Recent Aurignacian)??7.
Recently, the assemblage of Gora Putawska Il has been ascribed to a new variant of the Evolved
Aurignacian named Gora Pulawska-type?® whereas the industries of Ksiecia Jozefa layer II and Piekary
Ila level 6 have been attributed to a non-Aurignacian UP rooted in the preceding Middle Palaeolithic
record®®. This latter interpretation disagrees with previous work at Piekary IIE where diagnostic
Aurignacian cores and stone tools were documented®.

In the last decade, several works tried to shed light on this crowded succession of cultural
entities but the investigations yielded contradictory results. The Szeletian occurred at Obtazowa Cave
between 45-39 ka cal BP®, and Lubotyf 11 at some point between 49-39 ka cal BP3L, On the other
hand, the chronological reassessment of layers VI-V of Nietoperzowa Cave estimates a range between
44-42 and ~38 ka cal BP for the Jerzmanowician whereas layer 1V, dated ~30-31 ka cal BP, is instead
associated with the Early Gravettian®?. At Koziarnia Cave, new fieldworks point out that the
Jerzmanowician is dated between 46-41 ka cal BP and the Early Gravettian occurred in two distinct
events at ¢. 37-35.5 ka cal BP and c. 32-28.5 ka cal BP®. At Ksiecia Jozefa layer II, a UP lamellar
technology (non-Aurignacian) is dated c. 40 ka cal BP whereas at Piekary lla layer 6 an undetermined
UP industry is found at 32-26 ka cal BP?. Conversely, the beginning of the Aurignacian is mostly based
on the typological description of lithic artefacts from Krakéw-Zwierzyniec suggesting an age of c¢. 35
ka cal BP* and on the direct dates of two Mlade¢ points from Mamutowa Cave, a typical element of
the Recent Aurignacian, yielding a range between 38-35 ka cal BP3. These results reveal a large
contemporaneity of different cultural traditions in a relatively small area, a scenario that does not occur
in the neighbouring regions. This situation could be attributed to different factors: large chronological
uncertainty, conventional chronometric techniques, and/or poor sample selection for radiocarbon
dating.

Recent works in Stajnia Cave showed that post-depositional processes have severely affected
the sedimentary sequences of the cave, moving artefacts and human remains between levels?. This issue
could also have been common in other cave sites of the Krakow-Czgstochowa Upland and the Western
Carpathian Mountains because of the frequent climatic oscillations during the Late Pleistocene and the
relative proximity of the Scandinavian ice sheet during the Last Glacial Maximum?3-¥". Furthermore,
solifluction processes could have reworked the sediments in open-air sites, mixing lithic by-products
from different chronologies. In this complicated context, the discrimination of the occupation
palimpsests is problematic and the chronological determinations could have been severely biased.

The reconstruction of the technological strategies used in Stajnia Cave reveals a high
fragmentation of the chaine opératoires with few knapping activities carried out inside the natural
shelter (Tables S2 and S3). These characteristics are typical of short-term occupations when the site is
used as a logistical location during forays®®=°. During the Middle Palaeolithic, similar mobility tactics
are recognized in many Micoquian caves and open-air sites of Central Europe*®**. Low density finds
are also documented in the Szeletian layer of Lubotyf 1124, in the Szeletian and Aurignacian layers of
Obtazowa Cave®*, in the Aurignacian of Krakéw-Spadzista layer 74447, Deszczowa Cave layer V1l1a®,
Piekary Ila layer 6% and in the Upper Palaeolithic occupation of Ksiecia Jozefa layer IIS.
Unfortunately, most of the sites preserving Jerzmanowician and Zwierzyniecian assemblages, including
Mamutowa Cave***°, Nietoperzowa Cave and Koziarnia Cave®, were excavated during the late
XIX/early XX centuries with outdated methods. Wet sieving was not always applied, and the lithic
collections could have been biased by artefact selection and missing some by-product components. In
this context, the lithic assemblage of Stajnia Cave unveils that the site maintained a similar settlement
function both in the Middle and Upper Palaeolithic. In the lithic collection, diagnostic stone tools of the
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Szeletian, Jerzmanowician or Zwierzyniecian are absent. The morphology of one point with inverse
retouch is puzzling but could not be associated with any transitional industries. Although the lithic items
of the early Upper Palaeolithic are scanty and undiagnostic, the features and the direct radiocarbon dates
of the pendant and the awl document human occupation during the Early Aurignacian. Thus far,
evidence of bone and ivory artefacts have not been documented in any of other sites characterized by
these transitional entities'®**%2, Hence, the previous proposals that Homo sapiens entered Poland only
during the late phase of the Aurignacian®®® should be reviewed. A reassessment of the lithic materials
recovered during previous excavations at Mamutowa Cave and Krakéw-Zwierzyniec is in progress.
Thus far, the analysis of the Aurignacian assemblage of Krakow-Zwierzyniec trench 3 indicates
technological characteristics of the Early and Recent Aurignacian. The features of the Zwierzyniec Type
variant may only be an artificial construct of artefact mixture. Hitherto, the settlement of Poland during
the Early Aurignacian could have been seasonal and for short periods, explaining why the evidence are
so scattered and limited.
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Section 5 — ZooMS analysis
Virginie Sinet-Mathiot, Frido Welker, Geoff M. Smith

The MALDI-TOF MS spectrum obtained from R-EVA 2650 (awl) was taxonomically
identified as Equidae and the one from R-EVA 2651 (pendant) was determined as Elephantidae
(Table S4, Fig. S5). In both cases, peptide marker series are similar between closely related
species, which explain why ZooMS cannot be more taxonomically discriminant. Considering
the archaeological context, R-EVA 2651 is most likely a tusk fragment from a woolly
mammoth.
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Section 6 — NIR analysis
Christina M. Ryder, Matt Sponheimer

A material’s near-infrared (NIR) spectrum reflects its chemical composition and physical
structure®. Because key absorbance bands of amino acid functional groups appear within the
near-infrared range, NIR analysis has proven useful for quantifying collagen content in
archaeological bone®%, Multivariate calibration algorithms predict collagen yield by
modelling the sample’s spectral response to the collagen content of the calibration set. Since
near-infrared light penetrates deeply into biological tissues®”, NIR is an ideal spectroscopic
technique to prescreen bone as the outer surface may be more vulnerable to diagenesis®®®. We
use chemometric analyses using partial least squares regression from specimens of known
collagen yield to characterize the unknown specimens (see® for detailed methods) (Fig. S6).
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Section 7 — The use of Bayesian chronological modelling in Stajnia Cave and other
Aurignacian archaeological sites with evidence of punctate objects
Sahra Talamo and Andrea Picin

We base our discussion on models constructed for each site using Bayesian modelling software
(OxCal 4.4)%2 and the new IntCal20 curve®. For each model, a General t-type Outlier Model®
was computed to detect problematic samples with prior probabilities set at 5%. The ‘date’
command was used to establish the probability distribution functions (PDFs), e.g., start and
end boundaries, as well as to calculate the duration of archaeological divisions. Normally, when
outlier detection analysis is used to assess the robustness of the model, the generally accepted
limit of 60% for the model Agreement Index is not considered relevant®2. However, we think
that if an Agreement Index is very low (less than 40%) caution should be used in interpreting
the chronological boundaries of the site, and the results should be taken with a grain of salt.
Model codes are shown at the end of the Sl as CQL codes designed for OxCal 4.4%,

Stajnia Cave chronology

The calibrated dates (un-modelled) and the modelled ages obtained for Stajnia Cave
are shown in Table S5 and Fig. S7. We do not consider the model reliable due to poor agreement
between the radiocarbon dates and the stratigraphy at the site. See main text for more
information.

GeiPenklosterle Cave chronology

GeiRenklosterle Cave is located in the Ach Valley about 3 km away from the village of
Blaubeuren in Swabian Jura (Baden-Wirttemberg, Germany). The site was first explored in
1958 by G. Riek, and subsequently by E. Wagner in 1973, and by J. Hahn between 1974-1991.
The last fieldworks were carried out by N. Conard between 2000 and 2002%. The stratigraphic
sequence of the site is composed of 22 geological layers divided into several archaeological
horizons®. Starting from the bottom, horizons AH VIII-IV are attributed to the Middle
Palaeolithic. Above lies horizon AH Il associated with the Early Aurignacian and divided into
4 sub-layers (AH Ilic, IlIb, Illa, 111), and horizon AH Il ascribed to the Recent Aurignacian and
divided into 5 sub-layers (AH lid, Ilb, llc, lla, IIn). On top of the sequence is horizon AH |
distributed in several sub-units related to the Gravettian, Magdalenian and Mesolithic. The site
is renowned for the discovery of ivory beads in layer AH Illa, ivory figurines in layers AH Ilb-
Ila (one of which characterized by a punctate motive), and a flute made of a swan radius bone
in layer AH [16-68,

The Bayesian model constructed here follows the archaeological subdivisions and the
radiocarbon ages published in®7 (Table S6 and S14). The agreement index is 46.4% with two
outliers detected (higher than 31%) in 25 dates.

We are aware of the discussion regarding various Bayesian model constructions
between different scholars’"3. However, the authors of’>" do not dispute the structure of the
Bayesian model included here, but instead question the association of the dates to the diagnostic
artefacts. The only way to resolve the issue is to directly date the diagnostic artefacts, as
demonstrated in this paper.

Vogelherd Cave chronology

Vogelherd Cave is located in the Lone Valley, 4 km from the village of
Niederstotzingen in Swabian Jura (Baden-Wirttemberg, Germany). The site was first
excavated by G. Riek in 1931 and then explored by N. Conard between 2005-2012%. The
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sedimentary sequence is divided into four Middle Palaeolithic layers (1X-V1), followed by two
Aurignacian layers (V-1V), two Magdalenian layers (111-11) and a Holocene deposit (I). The site
is well-known for the Aurignacian figurines carved from ivory found in layers IV and V™.

The Bayesian model constructed here, following the archaeological subdivisions
published in”, shows the low agreement between the 26 1“C dates available in”>® and the poor
stratigraphic integrity of the site, which result in a model agreement index of just 0.4% with 12
detected outliers (higher than 18%, Tables S7 and S14). This confirms the conclusions of
Conard and Bolus™ concerning the mixture of samples between strata, concern over the
outdated excavation methods used, and the young age of some conventional dates caused by
the bulk sampling of many small bones of different ages. For these reasons, the boundaries
obtained should be treated with caution and the bars included in Fig. 4b in the main text need
to be considered as ‘hypothetical’ boundaries.

Abri Blanchard chronology

Abri Blanchard is located in the VVézere Valley in the commune of Sergeac, about 10
km from Les Eyzies-de-Tayac-Sireuil (Dordogne, France). The site was investigated by L.
Didon in 1910-1911, M. Castanet in 1911-1912, and by D. Peyrony in 1924-1925. New
fieldworks were carried out in the northern sector by R. White in 2011-201277. Two levels were
attributed to the Early and Recent Aurignacian (layers B and D). The site is renowned for the
discoveries in these layers of a bifurcated and punctate pendant in ivory, a punctate plague
carved from antler, engraved blocks, basket-shaped bone and ivory beads, and pierced animal
teeth’87°,

The Bayesian model is taken from® but is updated using the IntCal20% calibration
curve and using the only two dates from Sector 4/5 reported in”®, which belong to the Early
Aurignacian (Table S8 and S14).

Abri de Castanet chronology

Abri de Castanet is located in the Vézére Valley about 25 m from the Abri de
Blanchard. The site was investigated by D. Peyrony in 1911-1913 and 1924-1925. Fieldworks
were then resumed by J. Pelegrin and R. White in 1995-1998, and by R. White in 2005-20128,
The Aurignacian level lies directly on top of the bedrock. The site is well known for the
discovery of engraved blocks, basket-shaped bone and ivory beads, soft stone beads, and
pierced animal teeth. The Bayesian models from North and South sectors are from® (updated
with IntCal20%) using the radiocarbon dates and the stratigraphic information published in8!
(Tables S9 and S14).

Abri de la Souquette chronology

Abri de la Souquette is located in the VVézére Valley about 10 km from the village of
Les Eyzies-de-Tayac-Sireuil (Dordogne, France). The rock-shelter is situated on the western
slope on the opposite side to the Abri Castanet and Abri Blanchard. The site was first explored
in 1902-1903 by abbé M. A. Landesque, ransacked by Costes and Letellier in 1903-1910, and
in 1910 sub-leased to Otto Hauser who carried out excavations in order to selling the flint
artefacts. In 1980-1982, a small area at the southern extremity of the rock-shelter was
investigated by A. Roussot®. The stratigraphy is composed of 11 archaeological horizons, and
layer 11, lying directly atop the bedrock, is attributed to Aurignacian®. The site is well known
for abundant ivory beads and pendants, talc, and the three carved “shell” facsimiles with
punctate decoration on the distal surface®?. We built a Bayesian model to determine the duration
of the Aurignacian phase (layer 11) using the radiocarbon dates and the stratigraphic
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information published in®. A little remark regarding the OxA code in Table 3 of®2: there should
be a typo error since the OxA code is the same (OxA-32198) but belongs to two different
samples numbers (SQT11,Z723 201 and one to SQT11,Z23 68). We maintain the same OxA
code in our model. The chronological resolution of the sequence is limited to four radiocarbon
dates in good agreement between each other (Tables S10 and S14).

Tuto de Camalhot Cave chronology

Tuto de Camalhot cave is located at Saint-Jean-de-Verges in the department of Ariége
in southwestern France. The site was excavated in 1927-1934 by Vezian® revealing a short
stratigraphic sequence composed of two Aurignacian layers (70-80, and 50) overlaid by a
Noaillian Gravettian layer. The two Aurignacian layers are clearly divided inside the cave but
they became undistinguishable on the terrace in front of the natural shelter®. Techno-
typological analysis of the lithic assemblages indicates that the lower layer 70-80 belongs to
the Early Aurignacian whereas the presence of carinated and busqué burins places the upper
layer 50 in the Recent Aurignacian®3. In the collection, split-based bone points and lissoirs,
decorated objects and personal ornaments are found. Pendants and pierced shells are numerous
and mostly associated with the upper layer 508. Within this group, it worth noting an ivory
pendant with striation and a regular punctate pattern®. The precise location of this object is not
documented but following Vezian® (page 118) it should belong to the Recent Aurignacian.

We built a Bayesian model to determine the duration of the Aurignacian phase of the
site using the radiocarbon dates and the stratigraphic information published in®#°.

Although the model agreement index of the Bayesian Model is higher than 60% (Tables
S11 and S14), it should be noted that the chronology is based only on two bone samples,
sampled from a bag without any stratigraphic information and stored at the Museum of Ariége®.
Thus, the boundaries obtained from the Bayesian model should be considered ‘hypothetical’
until further chronological work is carried out to contextualize the Aurignacian settlement at
the site in more detail.

Sungir

The open-air site of Sungir is located near the town of Vladimir (Russia) on the left
bank of the ancient Klyazma River, near its join with the Sungir stream. The site was excavated
by N. Bader in several field campaigns between 1957 — 1977, and 1987 — 1995%. The area
excavated exceed 4,500 m? and comprises four main dwelling structures and abundant
archaeological materials. In 1964, a single burial of an adult male (Sungir 1) and an isolated
skull (Sungir 5) on an ochre spot were found. In 1969, a second burial containing two juveniles,
a male (Sungir 2) and probably a female (Sungir 3), and an isolated human femur (Sungir 4)
were discovered®. The three burials were covered in red ochre, and the corpses magnificently
decorated with ivory beads, pendants and mobiliary arts®’.

The Bayesian model constructed here, to determine the ages the burials, follows the
archaeological subdivisions and the radiocarbon ages published in® (Tables S12 and S14).

Yana

The open-air site complex of Yana is located on the left bank of the Yana River in the
Siberian Arctic. It was discovered in 1993 and fieldworks were carried out between 2001 and
2008%. The site is composed of six localities distributed few hundred meter apart®. In three
localities (Upstream Point, ASN and SP), only surface finds were discovered whereas in the
others (Yana B, Yana RHS/NP and TUMS 1) in situ cultural layers were detected. These
cultural horizons are thought to be roughly contemporaneous and part of the same settlement
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during recurrent forays along the Yana River®®. Due to erosion processes, the summer water
level of the river is used a baseline for determining the measurement of the stratigraphic
succession®. The lower terrace, containing the archaeological occupation is frozen, and rises
to 16-18 m above water level (a.w.l.). The bottom layer is composed of bedded sandy loam,
and at 12 m a.w.l. silt replaces loam. The terrace deposit includes syngenetic ice wedges up to
2 m wide. The cultural horizon is located at about 7.5 m a.w.1.°%, The site Yana B is located
near a large accumulation of mammoth skeletal remains (site YMAM) and is characterized by
lithic micro-projectiles, bone and antler tools for working ivory®2. The site Yana RSH/NP
(Northern Point) is situated at small distance on the east. The fieldworks unearthed ivory
artefacts, preforms, semi-finished products, and by-products, together with micro stone tools,
backed artefacts and especially quartz-crystal implements®2. The site TUMS 1 is located at few
hundred meters east from Yana RSH/NP and includes lithic items and faunal bones®*. In these
three locations, beyond numerous processed carcasses of cold adapted species, more than 300
personal ornaments and decorated object were found®=L,

We built a Bayesian model to determine the duration of the cultural layers in RSH/NP,
RHS /B and RHS/TUMS 1 using the radiocarbon dates and the stratigraphic information
published in®-2 (Tables S13 and S14).
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Section 8 — Experimental data on ivory tusk
Marcin Diakowski and Marcin Binkowski

To investigate manufacturing technology of the decorated pendant from Stajnia Cave, a series
of experiments has been undertaken (Table S15). The several variants were considered,
referring to both raw material and technology, which could have influenced a mode of artefact
production. In the experiments, both fresh and boiled bones of domestic cattle were used,
because the cementum, from which the plate was made, has similar working properties to
cortical bone®*%4, Taking into consideration the possibility of secondary material use, a
cementum from a mammoth tusk deposited in cave environment for 15,000 years was worked
as well (Figs. S8-S10). The mammoth tusk used to experiment was provided by the Department
of Paleozoology Wroctaw University. To obtain similar technological traces of shaping and
making dots observed on the plate, in the course of the experiments, a variety of tools, such as
flakes, blades, burins and perforators were used. Moreover, several working techniques were
applied: scraping (plate shaping) and indirect percussion, single and double directional boring
(decoration). Particular dots were made with various intensity. Each experiment has been
performed three times what resulted in making 500 dots.

In the course of the experiments, it turned out the working prehistoric material did not
result in making similar traces as the ones observed on the plate from the Stajnia Cave. Due to
the state of preservation, such as numerous cracks, exfoliation, fossilization of dorsal surface,
cementum etc., working was completely ineffective as compared to fresh bones (see for
comparison Figs. S11-S12 and Figs. S13-S15). In the course of scraping the ventral surface of
cementum, some traces typical for this technique were observed, however large pieces of
surface fell off in an uncontrolled way (Figs. S11-S12). While making a decoration, a tool tip
hardly engages in the tooth surface, and the tooth structure was crushed and cracked in the hole
area.
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Fig. S1. Planimetry of Stajnia Cave and stratigraphy with location of the 14C AMS samples (1
- S-24390; 2 - S-13694; 3 - S-16187; 4 - S-17162; 5 - S-11613; 6 - S-24106; 7 - S-23855; 8 -
S-9547; 9 - S-11340; 10 - S-11572; 11 - S-12722; 12 - S-12305; 13 - S-12182), awl (14 - S-
12160), and pendant (15 - S-22222; 16 - S-23100). The figure was generated using Adobe
Photoshop CS5 12.0 software.

21



25%

20%

15%

10%

5%

0%

N

D2/D2b

D1

C19

Cc18

c7

C6

=—¢—Trees and shrubs

——Plants of open, dry to dry/
fresh habitats

—@—Plants of open, fresh to wet
hahitats
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stratigraphic sequence (from D2/D2b to C6). The tendencies throughout the stratigraphic
sequence of Stajnia Cave are consistent with the geo-chronological data observed.
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Fig. S3. Laminar artefacts and laminar cores from Stajnia Cave: 1) semi-cortical blade — Dump,
2) semi-cortical blade — layer D1, 3) Aurignacian blade — layer C, 4) bladelet core — layer E2,
5) retouched point — layer D1, 6) bladelet core — Dump, 7) core-on-flake — layer D1.
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Fig. S4. Laminar by-products and retouched tools: 1) blade fragment — Dump, 2) blade
fragment — Dump, 3) blade fragment — Dump, 4) blade — Dump, 5) blade — layer C18, 6) crested
blade — layer D1, 7) blade — layer D1, 8) bladelet fragment — Dump, 9) blade fragment — layer
D1, 10) blade fragment — layer C , 11) bladelet fragment — layer C, 12) bladelet fragment —
layer C, 13) bladelet — Dump, 14) blade fragment — layer D1, 15) bladelet fragment — layer C,
16) bladelet fragment — Dump, 17) blade fragment — layer D1, 18) burin — layer D2; 19) bladelet
fragment — Dump, 20) bladelet fragment — Dump, 21) endscraper — layer D2; 22) burin (?) —
layer D1.
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Fig. S6. NIR absorbance spectra (Savitzky-Golay second derivative; derivative order = 2;
polynomial order = 3; 31 points smoothing) of R-EVA 2651 (blue), R-EVA 2650 (purple), and
three archaeological specimens with collagen yields of 0.00% (green), 7.17% (magenta), and
10.66% (orange). Labelled bands show directional shifts expected with increasing collagen
yield.
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Fig. S7. Bayesian Model of Stajnia cave. Radiocarbon dates were calibrated and modelled using
IntCal20% in the OxCal 4.4 program®, Outliers prior and posterior probabilities are shown in
square brackets. All the samples >49,000 BP are not included in the iterations. The pendant and

the awl are in red.
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Fig. S8: The mammoth tusk used to experiment — the structural parts are described.

Fig. S9: Dorsal side of the cementum (mammoth tusk).
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Fig. S10: Ventral side of the cementum (mammoth tusk)

Fig. S11: Tusk structure was crushed and cracked in hole area. Under pressure, in some cases
cementum fragments of the mammoth tusk broke down into smaller pieces.

29



Fig. S12: Large pieces of surface fell off in uncontrolled way — the cementum fragments of the
mammoth tusk.
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Fig. S13: Boring dots on the cattle humerus with use of the burin tip.

Fig. S14: Boring dots on cattle rib with use of the burin tip.
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Fig. S15: Dots made by indirect percussion on the cattle humerus with use of the borer tip.
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Units

Type of plant D2 | D2b/D | D2b | D1 | C19 | C18 | C7 | C6
Trees and shrubs AP 11 10 10 9 3 7 12 | 20
Dwarf shrubs 1 1 1 1
Herb plants 78 75 74 | 8 | 91 | 79 | 68 | 58
Bryophyta 1 1
Pteridophyta 1 1 4
Other 10 14 15 6 5 12 |19 | 18
Type of environment D2 | D2b/D |D2b | D1 | C19 | C18 | C7 | C6
Eurytopic 68 68 68 | 75 | 76 | 65 | 54 | 54
Plants of open, dry to intermediate habitats | 3 2 2 8 15 12 |12 | 2
Plants of open, intermediate to wet habitats | 7 5 4 2 1 3 2 3
All the rest 22 25 26 | 15 9 21 | 32| 42

Table S1. Percentage proportions of pollen and spores related to the environment type in

stratigraphic sequence.
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Dump C4+C6 C7+C9 C18 C19 D1 D2 D3 El E2 Total
N % N % N| % [N % N % N % % N % N % N % N % % N %
Cortical flake 1 1 2 5.9 1 3.1 9 3.8 3 3.8 16 2.9
Cortical blade 1 1 1 6.7 2 0.4
Ordinary flake 14 | 136 | 2 | 13.3 1167 | 5 | 147 | 5 | 156 25 | 106 | 10 | 125 | 2 | 20 20 65 | 11.9
Ordinary blade 4 3.9 1] 16.7 3 9.4 50 5 2.1 14 2.6
Bladelet 2 1.9 2 5.9 4 0.7
Predetermining Lev. flake 1 3.1 2 0.8 3 0.6
Levallois rec. unidir. flake 3 1.3 3 0.6
Levallois rec. bidir. flake 1 1 2 0.8 3 0.6
Levallois rec. centr. flake 1 3.1 1 1.3 2 0.4
Levallois point 1 3.1 1 0.4 2 0.4
Levallois flake undeter. 2 0.8 2 2.5 4 0.7
Core-edge removal flake 3 2.9 2 6.3 5 2.1 3 3.8 20 14 2.6
Pseudo-Levallois point 1 0.4 1 0.2
Unidirectional flake 1 1 1 2.9 1 3.1 10 4.2 4 5.0 1] 10 18 3.3
Centripetal flake 5 4.9 1 2.9 1 3.1 13 5.5 3 3.8 23 4.2
Orthogonal flake 1 0.4 1 0.2
Crested blade 1]25 1 0.4 2 0.4
Tablette 2 1.9 1 3.1 3 0.6
Reshaping flaking surface 1 1 1 2.9 1 0.4 3 3.8 6 1.1
Kombewa-type flake 2 0.8 2 0.4
Bifacial shaping flake 1 1 1 3.1 1 0.4 1 1.3 4 0.7
Knapping accident 1 1 1 2.9 1 0.4 1 1.3 4 0.7
Flake frag. 25 | 243 | 6 40 7 | 206 | 3 9.4 59 | 250|121 |263| 5 |50 ]| 8 | 533 40 | 136 | 25.0
Blade frag. 9 8.7 1 6.7 2 | 50 2 5.9 1 3.1 4 1.7 2 13.3 21 3.9
Bladelet frag. 3 2.9 21333 | 2 5.9 1 3.1 8 15
Debris 6 5.8 11|25 1 2.9 2 6.3 7 3.0 4 5.0 21 3.9
Preform of bifacial tool 1 1 1 3.1 5 2.1 1 6.7 8 15
Bifacial tool 4 1.7 1 1.3 5 0.9
Bifacial tool frag. 1 2.9 3 1.3 1 1.3 5 0.9
Leaf point frag. 1 0.4 1 0.2
Scrapers 1 6.7 1 2.9 1 3.1 12 5.1 3 3.8 20 19 3.5
Groszak 1 1 1 0.4 2 0.4
Endscraper 1167 | 1 2.9 1 0.4 1 1.3 4 0.7
Burin 1 0.4 1 1.3 2 0.4
Notched tool 3 1.3 3 0.6
Point 1 2.9 2 0.8 3 0.6
Retouched tool frag. 4 3.9 1 6.7 1| 16.7 2 6.3 9 3.8 2 2.5 1 6.7 20 3.7
Core 16 | 155 | 2 | 13.3 4 | 118 | 2 6.3 50 34 | 144 |15 | 188 | 2 | 20| 5 | 333 82 | 15.0
Core frag. 1 1 1 6.7 1 2.9 1 3.1 5 2.1 9 1.7
Total 103 | 100 | 15 | 100 | 4 6 | 100 | 34 | 100 | 32 | 100 100 | 236 | 100 | 80 | 100 | 10 | 10 | 17 | 113 100 | 545 | 100

Table S2. Number and percentage of the lithic assemblages (>2cm) of Stajnia Cave.
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Dump A C7+C9 C18 C19 D1 D2 El E2

N % % N % N % % N % N % % %
Levallois 1 2.6 1 6.7
Discoid 2 11.8 1 20 1 33.3 50 8 20.5 4 26.7 40
Hierarchized 6 35.3 3 60 1 33.3 11 28.2 2 13.3
Unidirectional 33.3 8 20.5 4 26.7 40
Orthogonal 1 5.9 1 6.7
Centripetal 1 6.7 20
Polyhedral 3 17.6 1 2.6 1 6.7
Laminar 59
Lamellar 1 59 1 2.6 100
Tested blocks 1 5.9 33.3
Core-on-flake 1 5.9 4 10.3 1 6.7
Core fragment 1 5.9 33.3 1 20 1 333 50 5 12.8
Total 17 100 100 5 100 3 100 100 39 100 15 100 100 100

Table S3. Number and percentage of the core assemblages of the archaeological layers of Stajnia Cave.
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Sample Barcode ID A B C D E F G
Peptide COL1a2 COL1a2 COL1a2 COL1a2 COL1a1 COL1a1 COL1a2
position* 978-990 484-498 502-519 793-816 586-618 508-519 757789
R-EVA .
2650 Equidae 1182+1198 1427 1550 2145 2820 2883 2999
R2-6EE\>/1A Elephantidae absent 1453 absent 2115 2808 2853+2869 2999+3015

Table S4. Collagen peptide marker masses observed for samples R-EVA 2650 and R-EVA 2651. *Peptide position given in reference to the first position of

the first G-X-Y triplet of the COL1al and COL102 protein sequences.
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Stajnia Cave Un-modelled (cal BP) Modelled (cal BP) Posterior
outlier
probability
Indices from to from to from to from to
Amodel 23.9
Aoverall 34.5
68.30% 95.40% 68.30% 95.40%
End layer B 16360 10680 | 23230 5520
Poz-28891 (13500;50) 16360 16180 16470 16080 16390 16160 | 25220 15290 14%
Level B
Transition C18/B 25340 16260 | 25380 16260
Poz-61719 (20930;140) 25550 25050 25680 24910 25560 25060 | 25690 24900 1%
GdA-3894 (21900;90) 26280 26000 26370 25930 26290 26000 | 26380 25910 1%
MAMS-19870 (40400;420) 43950 43100 44310 42900 38460 25720 | 39080 24430 100%
Level C18
Transition C19/18 39210 34330 | 41450 26100
MAMS-19849 (33450;350) 38930 37680 39290 37180 39190 37840 | 41560 37020 9%
MAMS-19851 (36080;460) 41550 40740 41970 40370 41370 40580 | 41920 39930 4%
MAMS-19864 (37750;310) 42320 42060 42440 41900 42390 38760 | 42510 34180 69%
Level C19
Transition D1/C19 42250 40820 | 46920 40180
R_Combined Pendant 41730 41340 41900 41210 41990 41250 | 48060 41150 30%
(36577;183)

R_Combined Awl (37701;208) 42270 42070 42360 41960 42320 42030 | 47780 41830 19%
MAMS-19879 (44590;690) 47610 46130 48470 45630 47570 46100 | 48420 45550 3%
OxA-24944 (44600;2100) 49850 45060 54890 44420 48200 45300 | 50250 44180 3%

MAMS-19857 (45020;1380) 49000 45890 51960 45020 48200 45940 | 49850 45000 3%
MAMS-19853 (45300;1410) 49420 46060 52370 45100 48300 46040 | 50070 45120 3%
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Level D1
Transition D2/D1 50630 47430 52930 46660
TL ave Year-N(52900;1900) 54860 50940 56700 49100 54270 50480 56210 48790
Level D2
Transition D3/D2 60140 50270 79140 48310
Level D3
Transition E/D3 78390 52260 | 120080 50110
Level E
Start E 161400 55460 | 161400 54100

Table S5. The calibrated and modelled radiocarbon dates from Stajnia Cave both from previous studies (OSL and U/Th are included) and obtained for this
paper, calibrated with IntCal20% in OxCal 4.4%. The pendant and the awl are in red, as well as the major outliers samples.
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GeiBenklosterle (**C dates and Posterior
stratigraphic information published Un-modelled (cal BP) Modelled (cal BP) outlier
in%%.70) probability
Indices
Amodel 43.9 from to from to from to from to
Aoverall 46.1
68.3% 95.4% 68.3% 95.4%
End | Gravettian 30920 29030 31680 25940
OxA-21740 (26420;230) 30930 | 30400 | 31080 30200 31010 30470 31230 30030 6%
OxA-21660 (27960;290) 32770 | 31520 | 32970 31280 32800 31520 33040 31250 4%
OxA-21739 (28600;290) 33270 | 32210 | 33770 31920 33290 32200 33850 31870 4%
OxA-21661 (32900;450) 38250 | 36740 | 39050 36400 37800 36510 38790 36210 5%
| Gravettian
Transition Upper Aurignacian/Gravettian 39310 37750 39690 36990
OxA-21656 lla (33000;500) 38500 | 36880 | 39180 36430 39520 38340 40010 37490 9%
OxA-21737 lla (35700;650) 41370 | 40160 | 41910 39660 40520 39550 41120 39220 5%
OxA-21724 1lb (33950;550) 39690 | 38070 | 40350 37320 39870 38770 40360 37950 3%
OxA-21727 llb (34100;550) 39920 | 38310 | 40520 37520 39950 38890 40460 38090 2%
OxA-21742 11b (34800;600) 40590 | 39400 | 41260 38620 40220 39300 40860 38830 2%
OxA-21738 llb (34900;600) 40660 | 39490 | 41360 38910 40250 39350 40900 38960 3%
Il Upper Aurignacian
Aurignasianil Upper Aurignasian 41000 | 39010 | 41630 | 39540
TL mean Year-N(40200;1500) 41750 | 38650 | 43200 37200 42000 40740 42390 40090
OxA-21722 111 (38900;1000) 43330 | 42130 | 44430 41870 42470 41810 42710 41240 9%
OxA-21744 111 (36850;750) 42130 | 41220 | 42460 40620 42060 41280 42320 40790 2%
OxA-21659 Il (35050;600) 40800 | 39640 | 41370 39150 41380 40350 41960 39990 7%
OxA-21726 Ild (34200;550) 40050 | 38480 | 40580 37600 41850 40120 42150 39790 32%
OxA-21725 11l (37400;800) 42370 | 41490 | 42780 40980 42200 41460 42450 41040 2%
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OxA-21746 llla (36850;800) 42150 | 41190 | 42520 40530 42060 41250 42330 40740 2%
OxA-21745 llla (36650;750) 42060 | 41090 | 42400 40440 42010 41190 42280 40670 2%
OxA-21721 llIb (37300;800) 42320 | 41440 | 42730 40910 42170 41420 42430 40990 2%
OxA-21723 llIb (37800;900) 42640 | 41670 | 43250 41010 42290 41540 42530 41100 2%
OxA-21743 lllb (36100;700) 41780 | 40630 | 42130 39940 41860 40930 42150 40410 2%
Il Early or Lower Aurignacian

Transition St'eo\rlljlﬁglr]c;!:aiarly or Lower 42610 42070 42890 41700
OxA-21658 (38300;900) 42880 | 41970 | 43890 41400 42790 42250 43170 41950 2%
OxA-21657 (39400;1100) 43860 | 42380 | 44810 42020 42860 42280 43360 41980 2%

llic Sterile

Transition I1V/llic Sterile 43170 42370 43960 42040

ESR mean Year-N(42700;1300) 44040 | 41360 | 45300 40100 43740 42570 44780 42180
OxA-21720 (35500;650) 41190 | 39990 | 41790 39480 43790 42510 45010 42070 96%

IV Middle Palaeolithic
Transition V/IV 44630 42640 46750 42170
Vv
Transition VI/V 48100 43790 51130 42920
VI

Transition VII/VI 51360 46330 54010 44910

OxA-21741 (48600;3200) 54910 | 49800 47130 52860 47820 55010 46730 5%
VII-Middle Palaeolithic
Start VII 55010 48330 58580 46090

Table S6. Calibrated dates and Bayesian Modelled results of all the *C ages obtained at GeiBenkldsterle. Posterior outlier probabilities are also shown (coloured
red when dates do not fit well with the stratigraphy). *4C dates are calibrated with IntCal20% in OxCal 4.4%.
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Vogelherd (**C dates and

stratigraphic information published

Un-modelled (cal BP)

Modelled (cal BP)

in74-76) Posterior
outlier
Indices probability
Amodel 0.2 from to from to from to from to
Aoverall 0.4
68.3% 95.4% 68.3% 95.4%
End I 30270 28710 30640 26470
OxA-10197 (39700;650) 43800 42570 44230 42430 36110 32230 36250 29850 100%
OxA-10195 (31680;310) 36320 35660 36670 35360 36070 35450 36440 29820 10%
OxA-10198 (26110;310) 30740 30090 31040 29940 30770 30110 31100 29880 3%
OxA-10196 (25780;250) 30360 29830 30750 29320 30390 29860 30850 29350 3%
KIA 19542 (29620;210) 34390 33990 34540 33730 34400 33980 34650 30130 5%
Il Aurignacian
Transition IV/III 36340 35810 36680 30190
H 4053-3211 (30730;750) 35900 34480 36900 33850 36420 35940 36710 35490 2%
GrN-6583 (23860;190) 28240 27780 28570 27710 36440 35960 36760 35450 100%
GrN-6662 (27630;830) 32940 31070 34040 30350 36440 35950 36790 35380 87%
PLO001342A (34100;1100) 40330 37630 41370 36530 36470 36010 36700 35630 19%
PLOO03139A (32180;960) 38020 35450 39410 34780 36440 35970 36680 35600 1%
OxA-18456 (32030;280) 36690 36110 37030 35770 36430 36030 36630 35690 1%
KIA 8957 (26160;150) 30730 30160 30830 30080 36440 35960 36750 35470 98%
IV Aurignacian
Transition V/IV 36550 36100 36790 35820
H 8499-8991 (31350;1120) 37050 34540 39280 33950 36840 36260 37300 35970 2%
GrN-6661 (30650;560) 35550 34500 36220 34190 36760 36200 37070 35890 14%
H 8500-8992 (30600;1700) 37430 33170 40150 31680 36850 36260 37340 35960 3%
H 4054-3210 (30162;1340) 36270 33110 38620 31700 36840 36260 37290 35950 3%
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H 8497-8930 (27200;400) 31650 31030 32100 30420 36860 36270 37370 35960 100%
H 8498-8950 (25900;260) 30680 29930 30910 29660 36850 36260 37360 35960 100%
H 4055-3209 (23020;400) 27740 26980 28000 26380 36860 36260 37340 35970 100%
H 4056-3208 (31900;1100) 38020 35150 39530 34440 36850 36270 37330 35980 1%
PL0O001337A (35810;710) 41540 40250 42020 39680 36880 36270 37440 35980 100%
KIA 8970 (33080;320) 38280 37060 39050 36850 37080 36380 37550 36090 12%
KIA 8969 (32500;260) 37100 36460 37500 36260 36870 36370 37200 36150 2%
PLO001338A (32400;1700) 39260 35380 41500 34240 36870 36270 37380 35990 2%
KIA 8968 (31790;240) 36400 35870 36670 35520 36670 36210 36910 36030 2%
V Aurignacian
Transition VI/V 37270 36450 37930 36110
KIA 19541 (31310;240) 35980 35440 36200 35240 38680 36370 42020 35990 93%
VI Middle Palaeolithic
Start VI 41160 36200 55010 36080

Table S7. Calibrated dates and Bayesian Modelled results of all the 1*C ages obtained at VVogelherd. Posterior outlier probabilities are also shown (coloured red
when dates do not fit well with the stratigraphy). “C dates are calibrated with IntCal20% in OxCal 4.4,
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Abri Blanchard (**C dates and stratigraphic
information published in°)

Un-modelled (cal BP)

Modelled (cal BP)

Posterior
Indices outlier
Amodel 99.4 from to from to from to from to probability
Aoverall 100.4
68.3% 95.4% 68.3% 95.4%

End Early Aurignacian 39070 | 36330 | 39240 | 30880
OxA-X-2669-55 (33960;360) 39570 | 38470 | 39830 | 37660 | 39440 | 38330 | 39690 | 37620 4%
OxA-X-2669-54 (33420;350) 38900 | 37640 | 39260 | 37150 | 39130 | 37790 | 39340 | 37330 4%

Aurignacian Phase
Start Early Aurignacian 40970 38120 | 46430 | 37810

Table S8. Calibrated dates and Bayesian Modelled results of all the “C ages obtained at Abri Blanchard. Posterior outlier probabilities are also shown (coloured
red when dates do not fit well with the stratigraphy). *C dates are calibrated with IntCal20% in OxCal 4.4,
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Castanet Northern sector (**C dates and strati-graphic
information published in°)

Un-modelled (cal BP)

Modelled (cal BP)

Posterior
Indices outlier
Amodel 143.3 from to from to from to from to probability
Aoverall 144.9
68.3% 95.4% 68.3% 95.4%
Boundary End 1 36650 | 36050 | 36910 | 35560
OxA-21645 (32000;450) 36930 | 35930 | 37480 | 35390 | 36810 | 36300 | 37090 | 36030 4%
OxA-21644 (32350;450) 37220 | 36200 | 38340 | 35730 | 36830 | 36340 | 37170 | 36120 4%
OxA-21643 (32200;450) 37080 | 36100 | 38050 | 35460 | 36820 | 36320 | 37140 | 36090 4%
OxA-21642 (32500;450) 37430 | 36310 | 38650 | 36020 | 36850 | 36350 | 37220 | 36160 4%
OxA-21641 (31950;450) 36860 | 35850 | 37400 | 35360 | 36800 | 36290 | 37090 | 36020 4%
OxA-21640 (31900;450) 36770 | 35760 | 37320 | 35320 | 36800 | 36290 | 37080 | 35990 4%
OxA-21639 (32900;500) 38320 | 36700 | 39110 | 36350 | 36880 | 36360 | 37330 | 36190 5%
Phase 1
Boundary Start 1 37150 36480 | 37780 | 36310
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Castanet Southern sector (**C dates and stratigraphic

Un-modelled (cal BP)

Modelled (cal BP)

information published in78) Posterior
outlier
Indices probability
Amodel 67 from to from to from to from to
Aoverall 69.9
68.3% 95.4% 68.3% 95.4%
Boundary End 1 36860 | 36040 | 37100 | 35570
GifA-99180 (32950;520) 38450 | 36790 | 39170 | 36360 | 37460 | 36690 | 38100 | 36340 4%
GifA-99179 (32310;520) 37360 | 36120 | 38540 | 35540 | 37240 | 36500 | 37700 | 36110 4%
GifA-99165 (31430;390) 36160 | 35420 | 36590 | 34900 | 37010 | 36230 | 37290 | 35820 10%
GifA-99166 (34320;520) 40290 | 38930 | 40640 | 37750 | 37850 | 36910 | 38580 | 36530 20%
GifA-97312 (32460;420) 37300 | 36290 | 38440 | 36010 | 37230 | 36550 | 37640 | 36220 4%
GifA-97313 (32750;460) 38010 | 36420 | 38940 | 36250 | 37380 | 36650 | 37940 | 36300 4%
OxA-21566 (32550;600) 38010 | 36180 | 39130 | 35900 | 37330 | 36560 | 37950 | 36170 4%
OxA-21564 (32950;500) 38430 | 36800 | 39150 | 36390 | 37460 | 36690 | 38100 | 36360 4%
OxA-21563 (32600;450) 37560 | 36360 | 38760 | 36120 | 37310 | 36600 | 37800 | 36240 4%
OxA-21562 (32550;450) 37500 | 36340 | 38710 | 36070 | 37280 | 36570 | 37760 | 36220 4%
OxA-21561 (32050;450) 36970 | 35980 | 37540 | 35420 | 37110 | 36410 | 37490 | 36070 4%
OxA-21560 (32800;450) 38040 | 36520 | 38960 | 36300 | 37410 | 36670 | 37980 | 36330 4%
OxA-21559 (33250;500) 38850 | 37260 | 39380 | 36670 | 37590 | 36780 | 38240 | 36470 4%
OxA-21558 (32350;450) 37220 | 36200 | 38340 | 35730 | 37210 | 36520 | 37620 | 36170 4%
Phase 1
Boundary Start 1 38070 | 37020 | 38930 | 36740

Table S9. Calibrated dates and Bayesian Modelled results of all the 14C ages obtained at Abri de Castanet North and South. Posterior outlier probabilities are
also shown (coloured red when dates do not fit well with the stratigraphy). 24C dates are calibrated with IntCal20% in OxCal 4.4%.
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La Souquette (**C dates and stratigraphic
information published in8?)

Un-modelled (cal BP)

Modelled (cal BP)

Posterior
Indices outlier
Amodel 106.5 from to from to from to from to probability
Aoverall 109
68.3% 95.4% 68.3% 95.4%
Boundary End Layer 11 36930 | 35790 | 37450 | 33840
OxA-32198 (32150;450) 37040 36070 | 37710 | 35430 | 37060 | 36290 | 37640 | 35900 4%
OxA-32198 (32400;500) 37410 36200 | 38660 | 35720 | 37170 | 36340 | 37970 | 36010 4%
OxA-X-2627-47 (32400;550) 37530 36160 | 38840 | 35680 | 37210 | 36340 | 38100 | 35980 4%
GifA-09456 (33710;1000) 39720 37230 | 40910 | 36350 | 37530 | 36370 | 39020 | 36100 5%
Phase 1
Boundary Start Layer 11 38170 36510 | 40750 | 36290

Table S10. Calibrated dates and Bayesian Modelled results of all the **C ages obtained at Abri de la Souquette. Posterior outlier probabilities are also shown
(coloured red when dates do not fit well with the stratigraphy). 1*C dates are calibrated with IntCal20% in OxCal 4.4%.
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Tuto de Camalhot (**C dates and stratigraphic
information published in>8)

Un-modelled (cal BP)

Modelled (cal BP)

Posterior
outlier
probability
Indices
Amodel 93.1 from to from to from to from to
Aoverall 92.7
68.3% 95.4% 68.3% 95.4%
End Gravettian 26820 | 24640 | 27680 | 22080
Gif.-2941 (24200;600) 29000 | 27800 | 29800 | 27360 | 28730 | 27730 | 29450 | 27260 4%
GRA14938 (24220;160) 28680 | 28190 | 28770 | 27910 | 28630 | 28110 | 28750 | 27860 4%
GRA14939 (23380;150) 27720 | 27420 | 27800 | 27310 | 27720 | 27420 | 27800 | 27310 4%
Gif 2942 (21500;400) 26250 | 25300 | 26900 | 24950 | 26920 | 25560 | 27740 | 25020 9%
Gravettian
Transition Aurignacian/Gravettian 30100 | 28120 | 34580 | 27880
Gif.-99093 (35140;660) 40930 | 39680 | 41610 | 39140 | 40810 | 39510 | 41660 | 38610 5%
Gif.-99674 (32180;570) 37330 | 35950 | 38510 | 35360 | 37400 | 35940 | 38600 | 35350 5%
Aurignacian
Start Aurignacian 58260 39520 58270 | 39110

Table S11. Calibrated dates and Bayesian Modelled results of all the 1*C ages obtained at Tuto de Camalhot. Posterior outlier probabilities are also shown
(coloured red when dates do not fit well with the stratigraphy). *4C dates are calibrated with IntCal20% in OxCal 4.4,
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Sungir (**C dates and stratigraphic information
published in®)

Un-modelled (cal BP)

Modelled (cal BP)

Posterior
outlier
Indices probability
Amodel 95.4 from to from to from to from to
Aoverall 97
68.3% 95.4% 68.3% 95.4%

End Sungir 1-4 34390 32790 34540 29410
OxA-X-2462-52 Sungir 4 (29820;280) 34570 34100 34850 33720 34510 34090 34720 33770 4%
OxA-X-2464-12 Sungir 1 (28890;430) 34020 32340 34280 32020 34400 33510 34580 32400 5%

Double Burial (30050;389) 34910 34160 35340 33840 34650 34080 35150 33790 4%

Start Sungir 1-4 35350 34110 38680 33830

Table S12. Calibrated dates and Bayesian Modelled results of all the **C ages obtained at Sungir. Posterior outlier probabilities are also shown (coloured red
when dates do not fit well with the stratigraphy). C dates are calibrated with IntCal20% in OxCal 4.4,
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Yana (**C dates and
stratigraphic information

Un-modelled (BP)

Modelled (BP)

published in&-%?) Posterior
Indices outliqr_
Amodel 101.9 from to from to from to from to probability
Aoverall 101.7
68.3% 95.4% 68.3% 95.4%
Yana TUMS 1
End TUMS1 14-13m 10210 | 7330 {10290 | 400
LE-6447 (8960;80) 10230 | 9910 | 10250 | 9770 | 10230 | 9920 | 10250 | 9770 4%
Phase 14-13m
Transition 10-9m/14-13m 21800 | 9960 |21890 | 9950
LE-6445 (18100;340) 2237021470 | 22760 | 21000 | 22380 | 21480 | 22840 | 21030 5%
LE-6446 (22400;300) 27080 | 26400 | 27250 | 26030 | 27080 | 26390 | 27250 | 26010 5%
Phase 10-09m
Transition 8-7m/10-9m 31190 {29430 | 31380 | 27430
Beta-173067 (27300;270) |31540|31130 | 31800 | 31030 | 31440 | 31080 | 31740 | 30930 5%
LE-6443 (26500;600) 31140 | 30150 | 31840 | 29350 | 31260 | 30430 | 31660 | 29980 4%
LE-6444 (25900;750) 30950 | 29350 | 31600 | 28730 | 31270 | 30220 | 31630 | 29330 5%
Phase 08-07m
Start TUMS1 8-7m 32020 (31110 | 34160 | 30830
Yana Northen Area (NP)
End Northen Area (NP) 15-4m 12860 | 10280 | 13230 | 5550
Beta-223406 (11950;70) 14020 | 13750 | 14040 | 13600 | 14020 | 13610 | 14040 | 13600 4%
LE-7615 (10590;300) 12820| 11960 (13110 | 11400 | 12920 |12100 | 13300 | 11600 5%
Phase 15-14m
Transition 14-13m/15-14m 17010 | 13840 | 17030 | 13810
Beta-243115 (14010;80) 17260 | 16910 | 17350 | 16780 | 17250 | 16900 | 17350 | 16760 4%
Phase 14-13m
Transition 13-12m/14-13m 19960 | 16990 | 21650 | 16960
Beta-243116 (17970;100) |22070 |21730|22120 |21440|22080 | 2173022130 | 21440 4%
Phase 13-12m
Transition 9-8m/13-12m 30980 | 30320 | 31160 | 29310
Beta-191322 (28570;300) |33240 | 32190 | 33750 | 31890 | 32650 | 31920 | 33240 | 31740 5%
Beta-191326 (28500;200) | 33080 | 32220 | 33370 | 31940 | 32640 | 32000 | 33130 | 31850 5%
Beta-191328 (27820;190) |31960 | 31510 | 32720 | 31220 | 31960 | 31510 | 32190 | 31240 4%
Beta-191332 (27510;180) |31610|31250 (31780 |31160|31610|31250 31790 |31150 4%
Beta-223413 (27250;230) |31480|31110|31700 | 31040 |31480 | 3111031710 |31040 4%
Beta-191321 (27140;180) |31310|31070|31590 | 31020 |31320 | 31070 | 31600 | 31020 4%
Beta-191331 (26450;160) | 30960 | 30430 | 31060 | 30320 | 31060 | 30710 | 31120 | 30380 6%
Phase 09-08m
Transition 8-7m/9-8m 33230 | 32240 | 33950 | 32050
Beta-191330 (29610;230) | 34400 | 33960 | 34560 | 33670 | 34390 | 33950 | 34570 | 33640 4%
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Phase 08-07m

Transition 3-2m/8-7m 39610 | 34120 | 40220 | 33970
Beta-204875 (34820;620) | 40630 | 39400 |41310 | 38570 | 40580 | 39300 | 41250 | 38220 5%
Phase 03-02m
Start Northen Area (NP) 3-2m 43720 | 39290 | 53090 | 38260
Yana B
End Yana B 9-8m 31980 | 31290 | 32200 | 29980
Beta-250633 (28250;200) | 32850 | 31920 | 33060 | 31760 | 32250 | 31790 | 32820 | 31700 4%
Beta-250635 (28210;200) |32840 | 31850 | 33030 | 31730 | 32220 | 31780 | 32800 | 31690 4%
Beta-250637 (28060;210) |32760 | 31680 | 32950 | 31570 | 32140 | 31740 | 32750 | 31600 4%
Beta-250634 (27670;210) |31770|31330 | 32010 | 31180 | 32020 | 31580 | 32190 | 31250 5%
Phase 09-08m
Start Yana B 9-8m 32800 | 31870 | 34050 | 31750

Table S13. Calibrated dates and Bayesian Modelled results of all the '“C ages obtained at Yana.
Posterior outlier probabilities are also shown (colored red when dates do not fit well with the
stratigraphy). 14C dates are calibrated with IntCal20% in OxCal 4.4%,
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Abri Blanchard

Modelled (cal BP)

Indices: Amodel 99.4, Aoverall 100.4% from to from to
68.3% 95.4%
End Early Aurignacian 39070 36330 39240 30880
Early Aurignacian 39800 37360 43000 34190
Start Early Aurignacian 40970 38120 46430 37810
Abri de Castanet North Modelled (cal BP)
Indices: Amodel 143.3, Aoverall 144.9% from to from to
68.3% 95.4%
End 1 36650 36050 36910 35560
Early Aurignacian 36880 36300 37360 35930
Start 1 37150 36480 37780 36310
Abri de Castanet South Modelled (cal BP)
Indices: Amodel 67, Aoverall 69.9% from to from to
68.3% 95.4%
End 1 36860 36040 37100 35570
Early Aurignacian 37430 36520 38190 36000
Start 1 38070 37020 38930 36740
Abri de la Souquette Modelled (cal BP)
Indices: Amodel 106.5, Aoverall 109% from to from to
68.3% 95.4%
End Layer 11 36930 35790 37450 33840
Aurignacian 37480 36240 39450 35020
Start Layer 11 38170 36510 40750 36290
Geipenklosterle Modelled (cal BP)
Indices: Amodel 43.9, Aoverall 46.1% from to from ‘ to
68.3% 95.4%
Transition Upper Aurignacian/Gravettian 39310 37750 39690 36990
Upper Aurignacian 40280 38800 40980 37790
Transition Il Early or I__ower_ Aurignacian/Il 41000 39910 41630 39540
Upper Aurignacian
Transition IIbiggyggﬁgr\:\ggungnamanllI 41000 39910 41630 39540
Early or Lower Aurignacian 42170 40930 42500 40170
Transition SteriIe_IIIc/II_I Early or Lower 42610 42070 42890 41700
Aurignacian
Transition IV/IlIc Sterile 43170 42370 43960 42040
Middle Palaolithic 49130 43060 53780 42460
Start VII 55010 48330 58580 46090
Sungir Modelled (cal BP)
Indices: Amodel 95.4, Aoverall 97% from | to from | to
68.3% 95.4%
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End Sungir 1-4 34390 32790 34540 29410
Sungir 1-4 34810 33500 36830 31190
Start Sungir 1-4 35350 34110 38680 33830
Tuto de Camalhot Modelled (cal BP)
Indices: Amodel 93, Aoverall 92.7% from to from to
68.3% 95.4%
End Gravettian 26820 24640 27680 22080
Gravettian 28860 25920 31940 23640
Transition Aurignacian/Gravettian 30100 28120 34580 27880
Transition Aurignacian/Gravettian 30100 28120 34580 27880
Aurighacian 40790 30830 47720 28510
Start Aurignacian 58260 39520 58270 39110
Vogelherd Modelled (cal BP)
Indices: Amodel 0.2, Aoverall 0.4% from | to from | to
68.3% 95.4%
End I 30270 28710 30640 26470
Aurignacian 36280 30320 37180 28890
Transition VI/V 37270 36450 37930 36110
Transition VI/V 37270 36450 37930 36110
Middle Palaolithic 38970 36360 45450 35940
Start VI 41160 36200 55010 36080
Yana sites Modelled (cal BP)
Indices: Amodel 101.9, Aoverall 101.8% from to from to
TUMS 1 68.3% 95.4%
Transition 8-7m/10-9m 31190 29430 31380 27430
Yana TUMS 1 31620 30300 32720 28530
Start TUMS1 8-7m 32020 31110 34160 30830
Northern Area (NP)
Transition 9-8m/13-12m 30980 30320 31160 29310
Yana Cultural Layer 9-8m 32400 30820 33330 30170
Start Northen Area (NP) 3-2m 33230 32240 33950 32050
Yana B
End Yana B 9-8m 31980 31290 32200 29980
Yana B 9-8m 32320 31590 33320 30840
Start Yana B 9-8m 32800 31870 34050 31750

Table S14: Boundaries and duration of the phases from the sites mentioned in the text (Stajnia is not
considered) produced using the ‘date’ command in OxCal®. In red are the ranges used in Figure 3b in
the main text.
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Nr Working technology Raw material Tool Work effectiveness Use-wear description
. Varied linear traces, their width, depth, distribution and cross
. Fresh humerus Tool edges were fully worn after 1-2 minutes of . .
1 Scraping - Flake edge . sections changed due to damages on the working edge of
(domestic cattle) scraping. Bone surface hard to work - - .
the flint tool. Their cross sections are generally V-shaped
. Fresh humerus
2 Scraping (domestic cattle) Blade edge See above See above
. The linear traces are more homogeneous than in the case
. Fresh humerus . Tool edge was fully worn after 4-5 minutes of :
3 Scraping ) Burin edge . when the bone was worked with flakes and blades, they are
(domestic cattle) scraping. Bone surface hard to work
also more shallow
Cooked humerus Tool edges were fully worn after 1-2 minutes of | Traces are analogous to those observed on fresh bones
4 Scraping . Flake edge scraping. Bone surface easier to work in comparison | worked with flakes and blades but they are deeper and more
(domestic cattle)
to fresh bones apparent
. Cooked humerus
5 Scraping (domestic cattle) Blade edge See above See above
Cooked humerus Tool edges were fully worn after 8-12 minutes of | Traces are analogous to those observed on fresh bones
6 Scraping ) Burin edge scraping. Bone surface easier to work in comparison | worked with flakes and blades but they are deeper and more
(domestic cattle)
to fresh bones apparent
— . Some places the surface is flaked off and crumbled away,
. Cementum In the initial phase the top 'ay‘?f of the qementum S| the cross sections of the linear traces are vague, apparent
7 Scraping fragment of a Flake edge very hard to remove, the working edge is fully worn S )
. fossilisation, differences between the colour of the traces
mammoth tusk after ca. 1 minute L
and the colour of the surface are visible
Cementum
8 Scraping fragment of a Blade edge See above See above
mammoth tusk
Cementum In the initial phase the top layer of the cementum is The linear tracesl are vaﬁue, m?re sh_allowthta)ln dthe scrapmg
9 Scraping fragment of a Burin edge very hard to remove, the working edge is fully worn Halsej’ ;org_fef places ; € sur ache IS Icrumf f‘ away and
mammoth tusk after ca. 1-2 minutes aked off, differences between the colour of the traces an
the color of the surface are visible
) . . Shallow double-level dots — the shape of the first level
The dots are made with multiple rotations of the tool ) .
but they are shallow because of the hardness of the resembles straight dots and th_an on one of the _S|des amuch
. Fresh humerus . : o . shallower, flattened surface is located, the distal edge of
10 Boring ) Borer tip bone, the time within which the tool becomes fully . - o L L
(domestic cattle) worn cannot be predicted, in a few cases it was which diverges radially in planum similar to oval, initially of a
possible to make 5 to 12 morphologically similar dots regular‘shape and concave cross section, with time and use
of the tip they become more shallow and irregular
The dots are made with multiple rotations of the tool
. Fresh humerus Flake tip but they are shallpw beca_use of the hardness of the o . _
11 Boring ) bone, the time within which the tool becomes fully | Shallow dots similar to oval in planum with frayed edges
(domestic cattle) (unretouched) . . :
worn cannot be predicted, in a few cases it was
possible to make 2 to 4 morphologically similar dots
. Fresh humerus Blade tip
12 Boring (domestic cattle) (unretouched) See above See above
The dots are made with a single rotation of the tool but ShaIIovy dots of homqg_gneous shape due to crymbllng away
h hallow b fthe hard fthe b of the tip of the tool, initially they resemble a circle, concave
. Fresh humerus - they are shalowbecause o the hardness of the bone, at one side, shaped in such a way that two small arms with
13 Boring Burin tip the time within which the tool becomes fully worn '

(domestic cattle)

cannot be predicted, in a few cases it was possible to
make 5 to 12 morphologically similar dots

sharp or rounded ends are visible, after the tip had crumbled
away, the dots made were double-concave in plan, and
concave with irregular bottoms and edges of the opening
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Cooked humerus

The dots are made with multiple rotations of the tool,

Shallow double-level dots — the shape of the first level
resembles straight dots and than on one of the sides a much

14 Boring (domestic cattle) Borer tip the number of repetitions which resulted in making | shallower, flattened surface is located, the distal edge of
similar dots was 20 to 50 which diverges radially, the dots are deeper than in case of
the fresh bone
The dots are made with multiple rotations of the tool
Cooked humerus Flake ti but they are shallow because of the hardness of the
15 Boring : P bone, the time within which the tool becomes fully | Shallow dots s, in planum similar to ovals, with frayed edges
(domestic cattle) (unretouched) . . h
worn cannot be predicted, in a few cases it was
possible to make 2 to 4 morphologically similar dots
. Fresh humerus Blade tip
16 Boring (domestic cattle) (unretouched) See above See above
The dots are very easily made with a single rotation of
the tool but they are shallow because of the hardness
Cooked humerus of the bone, the time within which the flint tool | dots resemble a circle in plan, concave at one side, shaped
17 Boring . Burin tip becomes fully worn cannot be predicted, in some | in such a way that two small arms with sharp or rounded
(domestic cattle) ; - .
cases it was possible to make 30 to 40 dots, and other | ends are visible
times the tip crumbled and broke already after 4-8
uses
Initially the tip of the tool is very hard to press into the
Cementum surface of the tooth; the tooth crumbles and cracks in | Due to the fossilisation and mineralisation of the tooth
18 Boring fragment of a Borer tip the area where the opening is made. The pressure | technological traces are hard to identify but for the concavity
mammoth tusk made the cementum fragments fall apart in a few | made by boring
cases.
Cementum Flake ti
19 Boring fragment of a (unretouchpe d) See above See above
mammoth tusk
Cementum
20 Boring fragment of a Burin tip See above See above
mammoth tusk
. . Fresh humerus . . . Shallow dents are made, shapes are similar to circles with
21 Indirect percussion (domestic cattle) Borer tip The tip of the tool crumbles away after 5-12 strikes concave bottoms
22 Indirect percussion Fresh h_umerus Flake tip The tip of the tool crumbles away after 1-3 strikes The shapes of the dots are irregular, sharp on the edges,
(domestic cattle) (unretouched) shallow
23 Indirect percussion Fresh h‘umerus Burin tip See above See above
(domestic cattle)
. . The shapes of the dots are irregular, close to round and oval,
24 Indirect percussion Cooked humerus Borer tip The tip of the tool crumbles less than when working sharp on the edges, slightly deeper than in the case of the
(domestic cattle) on a fresh bone
worked fresh bone
. . Cooked humerus Blade tip . ) . The shapes of the dots are irregular, sharp on the edges,
25 Indirect percussion (domestic cattle) (unretouched) The tip of the tool crumbles away after 1-3 strikes slightly deeper than in the case of the worked fresh bone
. . Cooked humerus _—
26 Indirect percussion (domestic cattle) Burin tip See above See above
Cementum . . . .
. . . Each time the cementum fell apart into a couple of | Some points on the edges of the split cementum fragments
27 Indirect percussion fragment of a Borer tip ]
mammoth tusk pieces have crumbled away
Cementum Flake point
28 Indirect percussion fragment of a (unretouched) See above See above

mammoth tusk
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Cementum

29 Indirect percussion fragment of a Blade tip See above See above
mammoth tusk (unretouched)
Cementum
30 Indirect percussion fragment of a Burin tip See above See above

mammoth tusk

Table S15: Description of the conducted experiments. Nr — number of the experiment.
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CQL model codes
The sites are in alphabetic order

Abri Blanchard
14C dates published in™®
Bayesian Model from?®
Plot()
{

Outlier_Model("General", T(5),U(0,4),"t");
Sequence()

{

Boundary("Start Early Aurignacian");

Phase("1")

{

R_Date("OxA-X-2669-54", 33420, 350)

{
Outlier(0.05);
h
R_Date("OxA-X-2669-55", 33960, 360)
{
Outlier(0.05);
h
h
Boundary("End Early Aurignacian”);
h
Sequence()
{

Boundary("=Start Early Aurignacian");
Date("Early Aurignacian);
Boundary("=End Early Aurignacian");
h
h
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Abri de Castanet North
14C dates published in®
Bayesian Model from?8°

Plot()
{

Outlier_Model("General", T(5),U(0,4),"t");
Sequence()

{

Boundary("Start 1");

Phase("1")

{

R_Date("OxA-21639", 32900, 500)

{
Outlier(0.05);
h
R_Date("OxA-21640", 31900, 450)
{
Outlier(0.05);
h
R_Date("OxA-21641*", 31950, 450)
{
Outlier(0.05);
h
R_Date("OxA-21642*", 32500, 450)
{
Outlier(0.05);
h
R_Date("OxA-21643", 32200, 450)
{
Outlier(0.05);
h
R_Date("OxA-21644", 32350, 450)
{
Outlier(0.05);
3
R_Date("OxA-21645", 32000, 450)
{
Outlier(0.05);
h
h
Boundary("End 1");
h
Sequence()
{

Boundary("=Start 1");
Date("Early Aurignacian");
Boundary("=End 1");
%
h
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Abri de Castanet South
14C dates published in™®
Bayesian Model from?8°
Plot()
{
Outlier_Model("General", T(5),U(0,4),"t");
Sequence()
{
Boundary("Start 1");
Phase("1")

{
R_Date("OxA-21558", 32350, 450)

{
Outlier(0.05);
h
R_Date("OxA-21559", 33250, 500)
{

Outlier(0.05);

h
R_Date("OxA-21560", 32800, 450)
{

Outlier(0.05);

h
R_Date("OxA-21561", 32050, 450)
{

Outlier(0.05);

h
R_Date("OxA-21562", 32550, 450)
{

Outlier(0.05);

h
R_Date("OxA-21563", 32600, 450)
{

Outlier(0.05);

3
R_Date("OxA-21564", 32950, 500)
{

Outlier(0.05);

h
R_Date("OxA-21566", 32550, 600)
{

Outlier(0.05);

h
R_Date("GifA-97313", 32750, 460)
{

Outlier(0.05);

%
R_Date("GifA-97312", 32460, 420)
{

Outlier(0.05);

}1
R_Date("GifA-99166", 34320, 520)



{
Outlier(0.05);
%
R_Date("GifA-99165", 31430, 390)
{

Outlier(0.05);

%
R_Date("GifA-99179", 32310, 520)
{

Outlier(0.05);

%
R_Date("GifA-99180", 32950, 520)
{

Outlier(0.05);

%
3
Boundary("End 1");
h
Sequence()

{

Boundary("=Start 1");
Date("Early Aurignacian);
Boundary("=End 1");

h
3
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Abri de la Souquette
14C dates published in®
Bayesian Model from this study
Plot()
{

Outlier_Model("General", T(5),U(0,4),"t");

Sequence()

{

Boundary("Start 1");

Phase("1")

{

R_Date("GifA-09456", 33710, 1000)

{
Outlier(0.05);
h
R_Date("OxA-X-2627-47", 32400, 550)
{
Outlier(0.05);
h
R_Date("OxA-32198-bone 201", 32400, 500)
{
Outlier(0.05);
h
R_Date("OxA-32198-bone 68", 32150, 450)
{
Outlier(0.05);
h
3
Boundary("End 1");
h
Sequence()
{

Boundary("=Start 1");
Date("Aurignacian®);
Boundary("=End 1");
3
h



Geifenklosterle
14C dates and Bayesian Model from?5%7°
Plot()
{

Outlier_Model("General", T(5),U(0,4),"t");

Sequence()

{

Boundary("Start VII");

Phase("VII-Middle Palaeolithic")

{

R_Date("OxA-21741", 48600, 3200)

{
Outlier(0.05);
h
h
Boundary("Transition VII/VI");
Phase("VI")
{
h
Boundary("Transition VI/V");
Phase("V")
{
h
Boundary("Transition V/IV");
Phase("IV Middle Palaeolithic™)

{
R_Date("OxA-21720", 35500, 650)

{
Outlier(0.05);
h
Age("ESR mean", N( 42700, 1300))
{

color="red";

Outlier(0.05);

|3
3
Boundary("Transition IV/llic Sterile");
Phase("llic Sterile™)

{

R_Date("OxA-21657", 39400, 1100)
{

Outlier(0.05);

h
R_Date("OxA-21658", 38300, 900)
{

Outlier(0.05);

¥
h
Boundary("Transition Sterilelllc/Ill Early or Lower Aurignacian®);
Phase("lll Early or Lower Aurignacian®)

{
R_Date("OxA-21743 lllb", 36100, 700)



{
Outlier(0.05);
%
R_Date("OxA-21723 llIb", 37800, 900)
{

Outlier(0.05);

%
R_Date("OxA-21721 llIb", 37300, 800)
{

Outlier(0.05);

%
R_Date("OxA-21745 llla", 36650, 750)
{

Outlier(0.05);

%
R_Date("OxA-21746 llla", 36850, 800)
{

Outlier(0.05);

h
R_Date("OxA-21725 III", 37400, 800)
{

Outlier(0.05);

h
R_Date("OxA-21726 11d", 34200, 550)
{

Outlier(0.05);

h
R_Date("OxA-21659 III", 35050, 600)
{

Outlier(0.05);

h
R_Date("OxA-21744 III", 36850, 750)
{

Outlier(0.05);

|3
R_Date("OxA-21722 11I", 38900, 1000)
{

Outlier(0.05);

h
Age("TL mean", N( 40200, 1500))
{

color="red";

Outlier(0.05);

|3
h
Boundary("Transition 11l Early or Lower Aurignacian/Il Upper Aurignacian®);
Phase("ll Upper Aurignacian")

{
R_Date("OxA-21738 IIb", 34900, 600)

{
Outlier(0.05);
%
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R_Date("OxA-21742 1Ib", 34800, 600)
{

Outlier(0.05);

h
R_Date("OxA-21727 1Ib", 34100, 550)
{

Outlier(0.05);

h
R_Date("OxA-21724 1Ib", 33950, 550)
{

Outlier(0.05);

%
R_Date("OxA-21737 lla", 35700, 650)
{

Outlier(0.05);

h
R_Date("OxA-21656 lla", 33000, 500)
{

Outlier(0.05);

h
h
Boundary("Transition Upper Aurignacian/Gravettian");
Phase("l Gravettian")

{
R_Date("OxA-21661", 32900, 450)

{
Outlier(0.05);
|3
R_Date("OxA-21739", 28600, 290)
{

Outlier(0.05);

h
R_Date("OxA-21660", 27960, 290)
{

Outlier(0.05);

|3
R_Date("OxA-21740", 26420, 230)
{

Outlier(0.05);

h
h
Boundary("End | Gravettian");
h
Sequence()

{

Boundary("=Start VII");

Date("Middle palaolithic");
Boundary("=Transition IV/lllc Sterile");
%

Sequence()

{

Boundary("=Transition Sterilelllc/Ill Early or Lower Aurignacian");



Date("Early or Lower Aurignacian");

Boundary("=Transition 11l Early or Lower Aurignacian/Il Upper Aurignacian");
h
Sequence()

{

Boundary("=Transition Ill Early or Lower Aurignacian/ll Upper Aurignacian™);
Date("Upper Aurignacian™);

Boundary("=Transition Upper Aurignacian/Gravettian");

h
h
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Stajnia
14C dates and Bayesian Model from# and this study
Plot()
{
Outlier_Model("General", T(5),U(0,4),"t");
Sequence("Stajnia Cave")
{
Boundary("Start E");
Phase("Level E")

{

h

Boundary("Transition E/D3");
Phase("Level D3")

{

h

Boundary("Transition D3/D2");
Phase("Level D2")

{
Age("TL ave", N(52900,1900))

{
Outlier(0.05);
h
h
Boundary("Transition D2/D1");
Phase("Level D1")

{
R_Date("MAMS-19853", 45300, 1410)

{
Outlier(0.05);
3
R_Date("MAMS-19857", 45020, 1380)
{

Outlier(0.05);

3
R_Date("OxA-24944", 44600, 2100)
{

Outlier(0.05);

3
R_Date("MAMS-19879", 44590, 690)
{

Outlier(0.05);

3
R_Combine("Awl")

{

color="red";

Outlier(0.05);

R_Date(" MAMS-35152", 37360, 330);
R_Date(" ETH-99042.1.1", 37903, 267);
3

R_Combine("Pendant")

{

color="red";



Outlier(0.05);
R_Date(" MAMS-35153 ", 36600, 300);

}l
h
Boundary("Transition D1/C19");
Phase("Level C19")

{

R_Date("MAMS-19864", 37750, 310)
{

Outlier(0.05);

%
R_Date("MAMS-19851", 36080, 460)
{

Outlier(0.05);

h
R_Date("MAMS-19849", 33450, 350)
{

Outlier(0.05);

h
h
Boundary("Transition C19/18");
Phase("Level C18")

{
R_Date("MAMS-19870", 40400, 420)

{
Outlier(0.05);
|3
R_Date("GdA-3894", 21900, 90)
{

Outlier(0.05);

h
R_Date("Poz-61719", 20930, 140)
{

Outlier(0.05);

|3
3
Boundary("Transition C18/B");
Phase("Level B")

{

R_Date("P0z-28891", 13500, 50)
{

Outlier(0.05);

|3
%
oundary("End layer B");

h

3

R_Date(" ETH-99043.1.1", 36563, 229);
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Sungir
14C dates published in®
Bayesian Model from?88
Plot()
{
Outlier_Model("General", T(5),U(0,4),"t");
Sequence()
{
Boundary("Start Sungir 1-4");
Phase("1")
{
R_Combine("Double Burial")
{
Outlier(0.05);
R_Date("OxA-X-2395-6 Sungir 2", 30100, 550);
R_Date("OxA-X-2395-7 Sungir 3", 30000, 550);
h
R_Date("OxA-X-2464-12 Sungir 1", 28890, 430)
{
Outlier(0.05);
h
R_Date("OxA-X-2462-52 Sungir 4", 29820, 280)
{
Outlier(0.05);
h
3
Boundary("End Sungir 1-4");
h
Sequence()
{
Boundary("=Start Sungir 1-4");
Date("Sungir 1-4");
Boundary("=End Sungir 1-4");
3
h



Tuto de Camalhot

14C dates published in>8°

Bayesian Model from this study

Plot()

{
Outlier_Model("General", T(5),U(0,4),"t");
Sequence()

{
Boundary("Start Aurignacian");
Phase("Aurignacian")

{
R_Date("Gif.-99674", 32180, 570)

{
Outlier(0.05);
%
R_Date("Gif.-99093", 35140, 660)
{

Outlier(0.05);

h
h
Boundary("Transition Aurignacian/Gravettian");
Phase("Gravettian")

{
R_Date("Gif 2942", 21500, 400)

{
Outlier(0.05);
h
R_Date("GRA14939", 23380, 150)
{

Outlier(0.05);

h
R_Date("GRA14938", 24220, 160)
{

Outlier(0.05);

|3
R_Date("Gif.-2941", 24200, 600)
{

Outlier(0.05);

h
h
Boundary("End Gravettian");

h

Sequence()

{

Boundary("=Start Aurignacian");
Date("Aurignacian®);

Boundary("=Transition Aurignacian/Gravettian™);
%
Sequence()

{

Boundary("=Transition Aurignacian/Gravettian");
Date("Gravettian™);



g

h

Boundary("=End Gravettian");
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Vogelherd
14C dates published in77®
Bayesian Model from this study
Plot()
{
Outlier_Model("General", T(5),U(0,4),"t");
Sequence()
{
Boundary("Start VI");
Phase("VI Middle Palaeolithic")

{
R_Date("KIA 19541", 31310, 240)

{

color="red";
Outlier(0.05);
|3
3
Boundary("Transition VI/V");
Phase("V Aurignacian")

{
R_Date("KIA 8968", 31790, 240)

{

color="red";
Outlier(0.05);
3
R_Date("PL0001338A", 32400, 1700)
{

color="red";

Outlier(0.05);

h
R_Date("KIA 8969", 32500, 260)
{

color="red";

Outlier(0.05);

3
R_Date("KIA 8970", 33080, 320)
{

color="red";

Outlier(0.05);

h
R_Date("PL0001337A", 35810, 710)
{

color="red";

Outlier(0.05);

h
R_Date("H 4056-3208", 31900, 1100)
{

color="purple";

Outlier(0.05);

h
R_Date("H 4055-3209", 23020, 400)
{
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color="purple";
Outlier(0.05);
%
R_Date("H 8498-8950", 25900, 260)
{

color="purple";

Outlier(0.05);

h
R_Date("H 8497-8930", 27200, 400)
{

color="purple";

Outlier(0.05);

%
R_Date("H 4054-3210", 30162, 1340)
{

color="purple";

Outlier(0.05);

h
R_Date("H 8500-8992", 30600, 1700)
{

color="purple";

Outlier(0.05);

h
R_Date("GrN-6661", 30650, 560)
{

color="purple";

Outlier(0.05);

h
R_Date("H 8499-8991", 31350, 1120)
{

color="purple";

Outlier(0.05);

h
h
Boundary("Transition V/IV");
Phase("IV Aurignacian™)

{
R_Date("KIA 8957", 26160, 150)

{

color="red";
Outlier(0.05);
h
R_Date("OxA-18456", 32030, 280)
{

Ouitlier(0.05);

h
R_Date("PL0O003139A", 32180, 960)
{

color="red";

Outlier(0.05);

h
R_Date("PL0001342A", 34100, 1100)
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{

color="red";
Outlier(0.05);
h
R_Date("GrN-6662", 27630, 830)
{

color="purple";
Outlier(0.05);
3
R_Date("GrN-6583", 23860, 190)
{

color="purple";
Outlier(0.05);
h
R_Date("H 4053-3211", 30730, 750)
{

color="purple";
Outlier(0.05);
3
3
Boundary("Transition IV/III");
Phase("lll Aurignacian")
{

R_Date("KIA 19542", 29620, 210)
{

color="red";
Outlier(0.05);
3
R_Date("OxA-10196", 25780, 250)
{

color="red";
Outlier(0.05);
3
R_Date("OxA-10198", 26110, 310)
{

color="red";
Outlier(0.05);
3
R_Date("OxA-10195", 31680, 310)
{

color="red";
Outlier(0.05);
3
R_Date("OxA-10197", 39700, 650)
{

color="red";
Outlier(0.05);

3
h
Boundary("End III");
h

Sequence()



{
Boundary("=Start VI");

Date("Middle palaolithic");
Boundary("=Transition VI/V");
%
Sequence()

{

Boundary("=Transition VI/V");
Date("Aurignacian");
Boundary("=End IlI");

%
h
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Yana
14C dates published in8-92
Bayesian Model from this study
Plot()
{

Outlier_Model("General", T(5),U(0,4),"t");
Sequence("Yana B")

{

Boundary("Start Yana B 9-8m");

Phase("9-8")

{

R_Date("Beta-250634", 27670, 210)

{
Outlier(0.05);
h
R_Date("Beta-250637", 28060, 210)
{
Outlier(0.05);
h
R_Date("Beta-250635", 28210, 200)
{
Outlier(0.05);
h
R_Date("Beta-250633", 28250, 200)
{
Outlier(0.05);
h
3
Boundary("End Yana B 9-8m");
h
Sequence("Yana Northen Area (NP)")
{

Boundary("Start Northen Area (NP) 3-2m");

Phase("3-2")

{

R_Date("Beta-204875", 34820, 620)
{

Outlier(0.05);

h
h
Boundary("Transition 3-2m/8-7m");
Phase("8-7")

{

R_Date("Beta-191330", 29610, 230)
{

Outlier(0.05);

%
%
Boundary("Transition 8-7m/9-8m");
Phase("9-8")

{

R_Date("Beta-191331", 26450, 160)
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{
Outlier(0.05);
%
R_Date("Beta-191321", 27140, 180)
{

Outlier(0.05);

3
R_Date("Beta-223413", 27250, 230)
{

Outlier(0.05);

%
R_Date("Beta-191332", 27510, 180)
{

Outlier(0.05);

h
R_Date("Beta-191328", 27820, 190)
{

Outlier(0.05);

h
R_Date("Beta-191326", 28500, 200)
{

Outlier(0.05);

h
R_Date("Beta-191322", 28570, 300)
{

Outlier(0.05);

h
3
Boundary("Transition 9-8m/13-12m");
Phase("13-12")

{
R_Date("Beta-243116", 17970, 100)

{
Outlier(0.05);
3
h
Boundary("Transition 13-12m/14-13m");
Phase("14-13")

{
R_Date("Beta-243115", 14010, 80)

{
Outlier(0.05);
h
h
Boundary("Transition 14-13m/15-14m");
Phase("15-14")

{
R_Date("LE-7615", 10590, 300)

{
Outlier(0.05);

}1
R_Date("Beta-223406", 11950, 70)
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{

Outlier(0.05);
%
h

}l
Sequence("Yana TUMS1")
{
Boundary("Start TUMS1 8-7m");
Phase("8-7")
{
R_Date("LE-6444", 25900, 750)
{
Outlier(0.05);
h
R_Date("LE-6443", 26500, 600)
{
Outlier(0.05);
h
R_Date("Beta-173067", 27300, 270)
{
Outlier(0.05);
h
3
Boundary("Transition 8-7m/10-9m");
Phase("10-9")
{
R_Date("LE-6446", 22400, 300)
{
Outlier(0.05);
h
R_Date("LE-6445", 18100, 340)
{
Outlier(0.05);
3
h

Boundary("Transition 10-9m/14-13m");

Phase("14-13")

{

R_Date("LE-6447", 8960, 80)
{

Outlier(0.05);

h
3
oundary("End TUMS1 14-13m");
%

Sequence("Yana B")

{

Boundary("=Start Yana B 9-8m");
Date("Yana B 9-8");
Boundary("=End Yana B 9-8m");
%

Boundary("End Northen Area (NP) 15-4m");
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Sequence("Northen Area (NP)")

{

Boundary("=Transition 8-7m/9-8m");
Date("Yana Cultural Layer 9-8m");
Boundary("=Transition 9-8m/13-12m");
%
Sequence("TUMS 1")

{

Boundary("=Start TUMS1 8-7m");
Date("Yana B 9-8m");
Boundary("=Transition 8-7m/10-9m");
%
h
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