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Abstract
According to fossil evidence, the Initial Upper Paleolithic (IUP) refers to archaeological assemblages associated with the early 
dispersal of Homo sapiens across Eurasia. These assemblages are often described as exhibiting a combination of Middle and 
Upper Paleolithic typo-technological features or, more broadly, as a technology in progression from the former to the latter. 
Genetic evidence indicates that as members of our species moved across Europe and Asia, they encountered Neanderthal, 
Denisovan, and possibly other local populations. At the Eurasian scale, the IUP shows considerable variation, but to what 
extent this corresponds to a relatively unified cultural package strictly associated with our species, or a suite of unrelated 
technologies reflecting the complex dynamics of a global population turnover, remains unclear. Like most archaeological 
assemblages, however, the IUP illustrates a combination of adaptive and normative behaviors, along with some stochastic 
variation. Here, we investigate what drives typo-technological variation within an IUP assemblage to identify traits relevant 
for larger scale inter-regional comparisons. Specifically, we describe a lithic assemblage dated to ca. 45 ka cal BP from the 
site of Tolbor-16 in northern Mongolia. We identify three defining aspects of the IUP at the site, namely variation in core 
shape and size, patterns of blade core reduction, and the presence of Middle Paleolithic typo-technological features. Our goal 
is to clarify the influence of dynamic reduction processes on assemblage composition and, within the variation observed, to 
identify typo-technological features that are relevant for inter-regional comparisons and scenarios of population dispersal.
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Background

By the Early Upper Paleolithic (EUP), a new set of behav-
iors is widely documented among the representatives of our 
species in Eurasia (Bar-Yosef, 2007; Conard & Bolus, 2003; 
D’Errico et al., 1998; Kozlowski & Otte, 2000; Le Brun-
Ricalens & Bordes, 2007; Mellars, 2006; Nigst et al., 2014; 
Teyssandier et al., 2010; Tsanova et al., 2012). The pivotal 
period that precedes this definite shift in the archaeological 
record, however, documents not only Homo sapiens disper-
sals but also the replacement of Neanderthals, Denisovans, 
or other unknown human taxa at a continental scale (e.g., 
Higham et al., 2014). By contrast, assemblages clustered 
unevenly in Eurasia show a mosaic of derived and archaic 
behavioral traits. In most cases, the taxonomic identity of the 
human groups behind the different “traditions” is unclear, 
and the combination of Middle (MP) and Upper Paleo-
lithic (UP) traits is often interpreted as a local “transition” 
(Hublin, 2015). Conceptually, the Initial Upper Paleolithic 
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(IUP) is an alternative to the label “transitional” as it does 
not necessarily imply a progressive, regional emergence of 
derived UP traits and is consistent with scenarios of H. sapi-
ens population movements (Kuhn, 2003). Rather, the IUP 
could also represent a cultural phenomenon on its own, with 
the possibility of contact between IUP populations and other 
human taxa (Greenbaum et al., 2019). When integrating 
the notion of IUP into complex scenarios laid out by fossil 
and genetic analyses, conceptual challenges meet descrip-
tive ones, and identifying relevant features to discriminate 
between local transitions, contact between populations, or 
large-scale demic dispersals is still a work in progress (Kuhn 
& Zwyns, 2014).

Originally, changes observed in lithic techno-typology 
defined the IUP (Marks & Ferring, 1988). At Boker Tachtit, 
in the Negev, Marks & Volkman (1983) recognized a form 
of continuity across layers 1–4, dated between 50 and 
44.3 ka cal BP (Boaretto et al., 2021). Volkman (1983) none-
theless described a technological shift from bidirectional 
toward unidirectional blade production and the disappear-
ance of specific tool types such as the Emireh point. The out-
come of such a shift (layer 4) was labelled as IUP to signal 
the beginning of the Upper Paleolithic (Marks, 1990). Later, 
Kuhn and colleagues (Kuhn et al., 1999, 2001) extended 
the definition to southwest Asian assemblages showing 
combinations of MP and UP typo-technological features, 
such as Levallois types and volumetric blade production. 
To the west, it would extend to central Europe with Bohu-
nician assemblages based on their overall similarities with 
the Emiran (from the lower levels at Boker Tachtit) (Hof-
fecker, 2009; Hublin, 2012; Svoboda, 2001; Tostevin, 2000). 
Today, the definition of the IUP has grown even larger and 
includes any assemblages showing formal bone tool produc-
tion, ornaments, H. sapiens remains, or lithics exhibiting 
MP/UP features and dated to before 40 ka or predating the 
local EUP. The case of the Bachokirian is of particular inter-
est. Discovered in Bulgaria, it was successively described 
as a possible origin for the Aurignacian (Kozlowski & Otte, 
2000), as an MP assemblage (Teyssandier, 2003, 2007; Tsa-
nova, 2006; Tsanova & Bordes, 2003), before being dated 
to 45–42 ka cal BP and re-assigned again to the IUP (Few-
lass et al., 2020; Hublin et al., 2020; Martisius et al., 2022; 
Pederzani et al., 2021; Smith et al., 2021). In addition, asso-
ciated human remains from several individuals at Bacho-
Kiro yielded Homo sapiens aDNA sequences with recent 
Neanderthal ancestors that have no identified descendants 
in western Eurasia but do have descendants in the east Asia 
(Hajdinjak et al., 2021). It is also worth noting that in west-
ern Eurasia, other coeval techno-complexes that do not fit 
the conservative definitions of IUP are or could be associ-
ated with early movements of Homo sapiens populations 
(e.g., Slimak et al., Mylopotamitaki et al., 2024). Asian 
IUP sites along the steppe belt, once considered evidence  

for local transitions (e.g., Derevianko & Volkov, 2004; Der-
evianko, 2010), are now contemporaneous with early Homo 
sapiens fossil evidence in the region (Fu et al., 2014). The 
latter testify to movements of populations across Eurasia 
that are coeval with age estimates for a Denisovan introgres-
sion event into our lineage ca. 47–45 ka (Huerta-Sánchez 
et al., 2014; Zhang et al., 2018, 2021, 2022). Although direct 
associations between archaeological assemblages and human 
fossils or sediment aDNA are lacking (e.g., Kot et al., 2022), 
the Asian IUP is consistent with scenarios of modern human 
dispersal eastward into Siberia, Mongolia, and even North 
China (Barzilai, 2022; Brantingham et al., 2001; Li et al., 
2019; Madsen et al., 2014; Rybin et al., 2023; Shichi et al., 
2023; Zwyns, 2012, 2021).

From this summary come three main observations. 
First, core reduction patterns and MP typo-technological 
features were instrumental in differentiating the IUP from 
what precedes and what follows. Second, understanding 
the IUP sensu lato means considering complex scenarios 
of human dispersals and encounters between human spe-
cies. Third, it is unclear whether the IUP as we know it 
represents a cultural link between assemblages, if it is the 
result of convergences or complex interactions between 
human fossil species or a combination of these mecha-
nisms (Kuhn & Zwyns, 2014; Goder-Goldberger & Mal-
insky-Buller, 2022). Without a better understanding of 
what causes variations within (Li et al., 2020) and between 
assemblages (Kuhn & Zwyns, 2018), “variability” alone 
does not support nor does it invalidate any of the proposed 
scenarios.

Research Questions

Given that variability (or the lack thereof) within and 
between assemblages is instrumental for different scenarios 
of dispersal, transition, and contacts between hominins, it 
seems necessary to explore where it comes from and what 
may generate typo-technological variations. Central to these 
questions is what Dunnell (1978) framed as the style/func-
tion dichotomy. Because these two notions often coexist 
within a given object, or trait (Sackett, 1977, 1986), they 
are considered here as the two ends of a spectrum (Bet-
tinger et al., 1996). The more functional the traits, the more 
they are indicative of adaptive processes—hence increas-
ing the possibility of convergence (analogies). Conversely, 
features that are more neutral may reflect social norms and 
indicate population history (homologies) (Kuhn & Zwyns, 
2014). Here, we deliberately focus on three specific aspects 
of assemblage composition that are foundational to the con-
cept of IUP and highlight variation relevant to large-scale 
comparisons:
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–	 Variation in core size, shape, and method of reduc-
tion: Levallois types or technology, volumetric blade 
productions, and, in some cases, small blades/bladelets 
are among the many key features coexisting in the IUP 
(e.g., Kuhn & Zwyns, 2014; Kuhn et al., 1999; Leder, 
2016; Li et al., 2020; Odsuren et al., 2023; Peng et al., 
2014; Rybin & Khatsenovich, 2018; Slavinsky et al., 
2016; Volkman, 1983; Goder-Goldberger, et al., 2023; 
Kadowaki et al., 2021). This is sometimes interpreted 
as a form of complexity (Perreault et al., 2013), or as 
reflecting an intermediate taxonomic position between 
MP and UP (Brantingham et al., 2001, 2004; Derevi-
anko et al., 2000; Goebel, 1999; Goebel et al., 1993; 
Kuhn et al., 1999). The shift toward small laminar ele-
ments, or more broadly “miniaturization,” is considered 
an evolutionary trend or a punctual adaptation (Elston 
& Kuhn, 2002; Režek et al., 2018). Either way, these 
features underline the need for a better understanding 
of what drives core reduction modalities beyond the use 
of core typologies. At Boker Tachtit, cores vary from 
the treatment of surfaces to volumes (Goder-Goldberger 
et  al., 2023). Based on refitted sequences, Volkman 
(1983) notes, however, that discarded core types may be 
misleading because their morphology merely illustrates 
the end of a long reduction process. In the Middle Paleo-
lithic, shifts in reduction methods during core reduction 
are well documented in various instances (e.g., Baumler, 
1988; Di Modica & Bonjean, 2006; Dibble, 1995). The 
so-called “Frison effect” is one way to explore variation 
in core shape within and between assemblages (Frison, 
1968; Jelinek, 1976) as reflecting functional constraints. 
According to Dibble (1995), there are reasons to ques-
tion the assumption that core shapes/types represent dis-
tinct, unvarying, and normative strategies of core reduc-
tion. Hence, the question: are variations in IUP core 
types representative of specific, independent reduction 
sequences coexisting in the assemblage (e.g., “mental 
template”); or alternatively, do they reflect adaptive 
choices in a continuum of reduction?

–	 Bidirectional blade reduction: Unidirectional and bidi-
rectional blade reduction strategies (namely the use of a 
single, or two opposed striking platforms) are often pre-
sented as different core reduction strategies, correspond-
ing to different core shapes and producing blades that 
are somewhat distinct. As described above, the original 
definition of IUP stems from a gradual shift from bi- to 
unidirectional reduction patterns (Barzilai, 2022; Marks, 
1990; Marks & Volkman, 1983; Volkman, 1983), while 
in the IUP of Central and East Asia, bidirectional blade 
production is among the most common features identi-
fied in IUP contexts (Li et al., 2020; Odsuren et al., 2023; 
Rybin, 2004; Slavinsky et al., 2016; Zwyns, 2012). Two 
additional characteristics are often recognized, namely 

the large size and the Levallois characteristics (i.e., con-
vergent dorsal pattern) of some of the blades. While it 
is commonly accepted that size is a contingency of raw 
material availability/transport and that Levallois blanks 
can be obtained by non-Levallois technologies, in what 
sense core reduction is “bidirectional” is far less clear. 
As for core shape, one can imagine core rotations in 
economic terms (increasing core productivity) (Dibble, 
1995), instead of an independent and distinct reduction 
system (Boëda, 1988). Hence, we formulate the follow-
ing question: in IUP assemblages, is bidirectional flaking 
a way to optimize blank productivity per core, does it 
serve another functional purpose (such as obtaining a 
specific type of blank), or is it a normative choice?

–	 Typological variation and transitional status: A combina-
tion of MP and UP traits typically characterizes the tool 
inventory of many IUP sites and is foundational to the 
concept of the IUP (Barzilai, 2022; Kuhn, 2003; Marks 
& Ferring, 1988; Rybin, 2014). It is therefore essential to 
clarify what typological “transitional” traits are and what 
they mean at the assemblage level. Does the occurrence 
of MP tool types in IUP assemblages reflect an economic 
strategy, archaic features inherited from a recent ances-
tor, and/or contacts with other human groups? What con-
stitutes relevant similarities (or differences) pertaining to 
the recognition of the IUP is key to drawing evolutionary 
interpretations between assemblages (Kuhn & Zwyns, 
2014, 2018; Zwyns, 2021).

Overall, the research questions highlighted above aim 
at exploring intra-assemblage variability in a dynamic way 
that extends beyond typo-technological classification. We 
consider that processes of core reduction, flaking patterns, 
and plesiomorphic typological features may lean toward 
either end of a functional/neutral gradient. Their position 
on that spectrum will determine how informative they are in 
evaluating assemblage relatedness. This approach is used to 
formulate hypotheses and predictions before looking at the 
material of Tolbor-16, while also using examples from the 
Gorny-Altai and the Transbaikal.

Material

The material described here is from Tolbor-16 (AH6—see 
below). Although part of the assemblage description is 
already published elsewhere (Zwyns et al., 2019—Supple-
mentary information 5), we present here a holistic analysis 
of the assemblage integrating published and unpublished 
descriptions to address specific questions. Additional mate-
rial from Kamenka A-C, in the Transbaikal (Lbova, 2000; 
Zwyns & Lbova, 2019), and Kara-Bom OH5-OH6, in the 
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Altai (Derevianko et al., 1998; Zwyns, 2012), is used for 
comparative purposes (Fig. 1).

Site Location and Environmental Setting

Tolbor-16 (N 49° 13′ 621″; E 102° 55′ 381″) is an archaeo-
logical site located in the Northern Hangai, along the west-
ern flank of the Tolbor valley (Ikh-Tulbuurin-Gol, 1154 m 
asl). It takes part in a rich concentration of Paleolithic sites 
found along the valley flanks of the Selenge tributaries. 
Surrounded by forest-steppe landscapes, it lies at the junc-
tion between a deep rill coming down from the Shar Khad 
Mountain and the valley’s open grassland (Fig. 2A). The rill 
activates during snowmelt and heavy rain, eroding Pleisto-
cene deposits and exposing Paleolithic stone artifacts. It was 
tested in 2010 and recognized as a potential stratified site 
based on two 2 × 1 m test pits (named here Pit 1 and Pit 2) 
along the current slope and separated by 35 m (Fig. 2D, E).

Pit 1 revealed an artifact concentration between approxi-
mately 1.70 and 2.00 m from the ground surface (Gladyshev 
et al., 2013). Between 2011 and 2016, 12 m2 was excavated 
bringing the total surface to 14 m2 (Fig. 2A) (Zwyns et al., 
2014, 2019). Six archaeological horizons (AH) are identi-
fied within three lithological units (see below). The material 
associated with Archaeological Horizon 6 (AH6) belongs 
to the lowest concentration, but solifluction brought arti-
facts probably originating from the same layers into AH5 
(and maybe AH4). Pit 4 was first opened in 2013 with a 
trench of 4 × 1 m located upslope, along a meander, and it 
was extended to a surface of 15 m2 in 2014. No archaeologi-
cal material was found below AH6 after further testing the 
erosional surface of the meander below Pit 4 and testing 
below the lowest concentration in Pit 1 (Fig. 2E).

The material was collected with the help of a total sta-
tion, EDM CE, and New-Plot GIS software to geoposition 
artifacts bigger than 2 cm in length and, when possible, to 

Fig. 1   Map of the main IUP sites identified between the Gorny-Altai 
and Mongolia. 1, Luotuoshi; 2, Ush-Bulak; 3, Malo Yaloman, Cave; 
4, Kara-Bom, 5, Ust-Karakol-1 and Denisova Cave; 6, Kara-Tenesh; 
7, Derbina sites; 8, Arembovski; 9, Makarovo IV; 10, Khotyk; 11, 
Barun-Alan sites; 12, Kamenka and Varvarina Gora; 13, Tolbaga; 

14, Podzvonkaya; 15, Egiin-Gol sites (Dörölj 1–2); 16, Tolbor-16 
and Tolbor-4; 17, Tsatsyn Ereg; 18, Mojlt’yn-Am; 19, Chiken sites; 
20, Tsagan-Agui; 21, Shuiddonggou 1; 22, Khanzat-1; 23, Khavsgayt 
(and Salkhit); 24, Rashaan Khad; 25, Otson Tsokhio; Geo-atlas back-
ground map
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measure the orientation and inclination of their long axis 
(McPherron & Dibble, 2002). The station was set up to 
have a maximum of 5 mm error relative to reference points 
located > 3 m outside of the excavation area. Within litho-
logical units, we excavated sediments by arbitrary spits of 
ca. 5-cm thickness and dry-sieved using a 4- and 2-mm mesh 
(for more details, see Zwyns et al., 2019).

Stratigraphy and Chronology

At T16, unit 1 corresponds to the Holocene soil complex 
and includes one or more chernozem or kastanozem-type 
soils. Unit 2 is a layer of loess and reworked loess that sits 
on the top of unit 3, a soliflucted diamict of laminar silt with 
gravel and cobbles. The material presented here as IUP is 
from AH6, the lowermost of the identified horizons, which 
occur within unit 3 (Zwyns et al., 2019). Sedimentologically, 

stratigraphically, and chronologically, the sequences at Pits 
1 and 4 correlate well (Fig. 2C, G). In both pits, the IUP 
deposits are housed within a laminar silt (called unit 3c, 
color-coded green) subjected post-depositionally to at least 
one episode of solifluction. This is overlain by another lami-
nar silt with abundant cobbles (called unit 3b, color-coded 
yellow–brown) which contains AH5 Early Upper Paleo-
lithic material. This laminar silt was likewise subjected to 
a post-depositional episode of solifluction which, based on 
the archaeology within it, may in places have involved the 
uppermost part of the underlying AH6 as well as AH5. Over-
lying this in both pits (albeit only in a few small patches in 
Pit 4) is a gravelly silt with a less distinctly laminar character 
than the underlying units (color-coded blue), likewise sub-
jected to an episode of post-depositional solifluction.

Polymineral post-IR IRSL, quartz OSL, and radiocar-
bon dates were used to date the deposits and archaeology. 

Fig. 2   A Location of Tolbor-16 site. B Contours of Pit  1. C South-
west corner of Pit 1, with stratigraphic drawing overlay. Solifluction 
lobes are color-codded, and AH6 is in the lowest lobe (unit 3c—
green). In Pit 1, material from AH6 is partly redeposited in AH5 
(unit 3b—brown). D Position of the main excavation pits along the 
slope, in cross-section, and in plan. E Contour of Pit 4. F 1-m projec-

tion of all piece-plotted lithic artifacts (> 2  cm) on the North Wall. 
The sample from AH6 is in red. G 3D projection of the AH6 sample 
and stratigraphic drawing overlay, from Agisoft Photoscan with pro-
jections from NewPlot  (McPherron & Dibble, 2002) and MeshLab; 
drawings by C. H. Paine)
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Luminescence dates obtained on samples collected from Pits 
1, 2, and 3 provided a chronological framework for sediment 
deposition, while measurements obtained on both quartz and 
polymineral (feldspar-dominated) fine-grained aliquots provide 
independent age control. Bones are rarely preserved but their 
distribution tightly coincides with the archaeological occupa-
tions, and samples from cultural layers AH2 through AH6 in 
Pits 1 and 4 were collected for radiocarbon dates. The results 
indicate that the human occupation at T16 took place during the 
Late Pleistocene, during marine oxygen isotope stage (MIS) 3 
and MIS2. AH2 is assigned to MIS2 while AH3 and AH5 date 
between 35.1 and 38.5 ka. The IUP material from AH6 is dated 
to 42.5–45.6 ka cal BP by radiocarbon (Zwyns et al., 2019).

Methods

Sampling Procedure

Geological evidence points to low-energy deposition, but 
post-depositional processes may still have impacted the 
site’s stratigraphy. Deflation or slopewash could potentially 
have depleted fine matrix material from archaeological 
horizons, resulting in time-averaging issues or palimpsests 
(although there is no specific evidence to suggest this), and 
in a scenario where successive occupations are not well 
stratified, localized mixing of AH is possible, even without 
active solifluction, as erosion and gravity work to level the 
undulating soliflucted surface. Here, we specifically sampled 
lithic material coming from solifluction lobe 3c attributed 
to AH6 (Zwyns et al., 2019). Hence, the material presented 
here derives from a surface of 15 m2 in the lowest archaeo-
logical deposit. The upper limit of lobe 3c has been drawn 
arbitrarily based on field observations and projections of 
piece-plotted artifacts (< 2 cm) on a 3D model of Pit 4. 
Figure 2F and G illustrate the distribution of the AH6 and 
the distribution of AH1-AH5. Bone distribution is in close 
association with artifacts from AH6 and the sediment bulk 
samples (Zwyns et al., 2019). While this sampling strategy 
does not guarantee 100% integrity, it minimizes the risk of 
including intrusive material in the analysis.

Material Description

The sample (Table 1) is first described in detail and the 
terminology used for the description is standard (Boëda, 
1995; Inizan et al., 1995; Pelegrin, 1995; Pigeot, 1987; 
Tixier, 1963). A sub-sample including all the cores 
described here and a selection of blanks, flakes, and 
tools was 3D-scanned using Einscan-SE and the associ-
ated software EXscan 3.1.0.1. All cores were scanned 4 
to 6 times using a turntable, with 16 stops, while blanks, 
flakes, and tools were scanned using 8 stops. The auto-
matic alignment was based on salient features, and the 
mesh was built watertight and in high definition. Meshlab 
software was used for rendering and snapshots. Volumes 
and surfaces were calculated in EXscan based on meas-
ures from the models, while quantitative and qualitative 
attributes were collected using an E4-Microsoft Access 
database and digital calipers and following the protocols 
described elsewhere (Zwyns & Lbova, 2019). Core frag-
ments or hypothetical preforms are not included in the vol-
ume analyses. The quantitative data is described with the 
help of standard univariate statistics and non-parametric 
tests (the significance threshold adopted is 0.05, before the 
Bonferroni correction).

Addressing Research Questions

Specific analyses are put forward to address the questions 
listed above. In addition, the results of these analyses on 
material from Pit 1 and Pit 4 are summarized in a com-
prehensive model based on the concept of the reduction 
sequences (Bar-Yosef & Van Peer, 2009; Boëda, 1995; 
Boëda et al., 1990; Geneste, 1985; Pelegrin, 1995; Sch-
langer & Sinclair, 1990; Sellet, 1993).

Question 1—Are variations in core type representative 
of specific, independent reduction sequences coexisting 
in the assemblage (e.g., “mental template”); or alterna-
tively, do they reflect situational choices in a continuum 
of reduction?

Table 1   Sample composition. 
Material from Pit 4 belongs 
to AH6, and it is used for the 
quantitative description of the 
sample studied. Material from 
Pit 1 is used as a comparison 
and includes artifacts from AH5 
and AH6 and from the interface 
between the two (modified after 
Zwyns et al., 2019)

Pit 4 Pit 1 Total

N f N f N f

Preform 3 0.4% 2 - 5 0.6%
Core 18 1.9% 18 - 36 4.2%
Blank 196 23.8% - - 196 23.2%
Retouched tool 91 11.0% - - 91 10.8%
Shatter 56 6.8% - - 56 6.6%
Screen (< 20 mm) 463 56.1% - - 463 54.7%
Total 825 100.0% 20 846 100.0%
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Because shape categories are partly defined based on 
size, using linear measurements to address this question 
would lead to circular reasoning. Instead, core volume is 
used as a unit under the simplifying assumptions that equal 
raw material volume is available for all core categories and 
that larger volumes are preferred. The first assumption is 
acceptable given the raw material abundance in the valley, 
and the second assumption is plausible for all shape cate-
gories except for Mode B (core on blades). Identified as ad 
hoc as part of a branching/recycling reduction sequence, 
the latter should have smaller volumes than cores reduced 
from nodules, cobbles, or slabs. Therefore, Mode B cores 
are used here as a control sample. We set basic predic-
tions for two arbitrary models. The first one implied that 
the main core categories correspond to distinct reduction 
sequences, starting from raw material collection to exhaus-
tion, and would result in an overlap in terms of volume 
distribution across the board. The second implied that 
shapes reflect different stages of exhaustion in a single 
sequence, which would lead to a monotonic decrease in 
volumes across categories.

Question 2—Is bidirectional flaking a way to optimize 
blank productivity per core, does it serve another func-
tional purpose (such as obtaining a specific type of 
blank), or is it a normative choice?

Bidirectional flaking is addressed by comparing the width 
and thickness of blades grouped per dorsal pattern (uni- or 
bidirectional). The basic assumptions are that cores started 
with a similar size; the sample of blades available is rep-
resentative of the range of sizes originally produced, and 
length, width, and thickness of blades are dependent vari-
ables. Predictions are that if bidirectional flaking is a strat-
egy to increase productivity (number of blades per core), we 
expect that unidirectional blades would be larger on average 
than the bidirectional ones. Given the rate of fragmentation, 
we compare width and thickness instead of length, because 
they are dependent variables. In addition, we controlled for 
the effect of fragmentation on the recognition of bidirec-
tional scars, platform preparation, degree of edge conver-
gence, and retouch per scar pattern.

Question 3—Does the occurrence of MP tool types 
reflect an economic strategy, archaic features inherited 
from a recent ancestor, and/or contacts with other human 
groups?

To address the issue of MP tool types, we provide a 
qualitative assessment of the type of blanks on which they 
are produced. We compare this with the overall debitage 
to identify specific production sequences, curation, and/or 
recycling processes.

Material Description

Raw Material 

The lithic assemblage is mainly produced on a medium to 
fine grain, local, cryptocrystalline raw material for which 
the primary sources occur, in the whole valley, as sub-
vertical up-lifted bands. Although the raw material has 
been described as sedimentary rocks (e.g., mudstone), the 
stratigraphic position of the outcrop, sandwiched between 
basaltic layers, suggests that at least part of the material 
studied is better described as effusive (or metamorphic) 
rocks. Secondary sources consist of nodules distributed 
along the streams and canyons around the site or are cur-
rently buried under the alluvial deposits of the Tolbor 
River. Based on the examination of the cortex preserved, 
it seems that a substantial part of the raw material was 
collected in secondary deposits. Although the use of fine 
grain chert, flint, or jasper-like material possibly exotic to 
the valley is reported during the later phases of the Upper 
Paleolithic, it is absent in the coarse fraction of the AH6 
sample (> 2 cm) and extremely rare in the screen.

A light blue patina, semi-extensive with root-like pat-
terns, alters most of the archaeological material. Seventy-
nine percent of the blades (N = 165) and 80% of the flakes 
(N = 125) show calcium-carbonate concretions on one and 
more rarely (4% and 11% respectively) on both faces.

Cores and Preforms

Two main categories of cores can be distinguished based 
on the type of material used: Mode A (N = 26) refers to 
cores on blocks, slabs, and nodules (or possibly massive 
flakes—although this could not be observed) and Mode B 
groups cores on blades (N = 8).

Mode A cores have in common the frequent use of 
two opposed platforms, a relatively broad flaking surface 
extending on at least a broad and a narrow face as opposed 
to a flat back. The latter is often shaped by the removal 
of large flakes, perpendicular to the axis of the main flak-
ing surface. Three main groups can be identified based 
on overall shapes: prismatic, ogival/cuboid, and cubic 
cores (Fig. 3). A little overlap between shape categories 
is observed, suggesting the occurrence of intermediate 
shapes and relatively loose boundaries between shape 
categories.

Prismatic cores (N = 8) (Fig. 4; SI1) are bidirectional 
blade cores that are exploited from a main flaking sur-
face that extends from a narrow to a broad face, following 
a frontal or semi-turning progression. A back-and-forth 
motion between the two surfaces means that the reduction 
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is mostly taking place at the intersection between two 
planes. One of the flanks often shows blade removals 
while the other still bears cortex, a postero-lateral crest, 
or orthogonal removals giving the core an asymmetrical 
cross-section. Although most examples are reduced from 
two opposed platforms, one is often larger than the other. 
It suggests differences in functions between the two and/or 
successive phases of reduction. The backs of the core are 
flat, cortical, or prepared by the removal of large flakes. 
There is no median posterior crest, because its position is 
shifted toward one of the flanks, opposite to the flaking 
surface (cfr. the postero-lateral crest mentioned above). 
As a management of lateral convexities, it points toward 
the intersection between two surfaces as part of the core-
producing blades.

Cuboid/ogivals (N = 9) (Fig. 5; SI2) are elongated narrow 
blade cores that have been reduced on at least 3 of their four 
faces, often leaving the back as the only surface that has not 

produced blades. Following Volkman’s terminology (1983), 
the cores show a “spin” of two opposed striking platforms 
(moving side-to-side, from broad to narrow face) by also a 
“tumble” of the core (moving end-to-end, with platform and 
flaking surfaces moving in the opposite direction). Essen-
tially, they follow the same reduction principles as the pris-
matic ones but in a more extensive fashion. Two successive 
phases of asymmetrical reduction take place, and the vol-
ume is reduced in its thickness more than its length. What 
remains at the end of the process is an elongated “stick-
shape” core, often preserving a striking platform larger than 
the other, but also an angle between the striking platform and 
the flaking surface that is still suitable for flaking purposes 
and points toward the last phase of reduction.

Cubics (N = 8) (Fig. 6; SI3) show more variability in the 
treatment of flaking surfaces than the other categories and 
they are shorter. Based on their last observable removals, 
some of the cubic cores could be characterized as flake 

Fig. 3   Core shape variations. Scatter plots comparing the length/
thickness and width/thickness ratios (Eerkens & de Voogt, 2022). 
Length and thickness are measured as the longest and shortest sides. 
The x axis represents the ratio of length to thickness (L:T), with 
low L:T indicating a shorter, thicker shape and a high L:T indicat-
ing a longer, thinner shape. The y axes represent the same calculation 

but use width in place of length. The two axes-axis meet where the 
ratio is 1:1, in other words where a hypothetical cube-shaped artifact 
would plot. Complex hulls show the shape categories; prismatic (1), 
cuboid/ogival (2), cubic (3), burin-core (4); the two cubic blade cores 
(5) and a sample of three prismatic bladelet cores from the EUP in Pit 
1, as a comparative sample (6)
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cores, but when a main flaking surface is still identifiable, 
the conception is clearly volumetric, and the general reduc-
tion pattern is asymmetrical or semi-turning. Just like other 
blade cores, they may preserve cortex on one of their nar-
row faces, even when showing evidence of frequent core 

rotations. None of the specimens observed are clear exam-
ples of hierarchical surface conception, such as observed in 
the Levallois method, nor do they show any resemblance 
with an alternate/discoid pattern. Instead, debordant flakes 
are used to maintain lateral convexities and the flaking takes 

Fig. 4   Mode A: prismatic cores. Numbers 1 and 3 are from Pit 4 AH6; 2 and 6 are from Pit 1 AH6; 4 and 5 are from Pit 1 AH5. Note the flat 
backs, postero-lateral crests, and the size differences between the two opposed platforms
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Fig. 5   Mode A: cuboid/ogival cores. All cores are from Pit 4 AH6 except numbers 1 and 9 that are from Pit 1 AH6 and number 7, which is from 
Pit 1 AH5. Note that 1 and 2 are fragments; 5 has been used as a hammer/retoucher; 8 and 9 are almost cubic



Journal of Paleolithic Archaeology            (2024) 7:18 	 Page 11 of 42     18 

Fig. 6   Mode A: cubic cores. All cores are from Pit 4 AH6 except number 4, which comes from Pit 1 AH5. Note that number 2 has been used as 
a hammer/retoucher; although the last removals are mostly flakes, the reduction method of cubic cores does not differ from blade cores



	 Journal of Paleolithic Archaeology            (2024) 7:18    18   Page 12 of 42

Fig. 7   Numbers 1 and 2 are Mode A cubic cores with blade remov-
als (aka. “flat-faced cores”); number 1 is from Pit 1 AH5; 2 is from 
Pit 4 AH6. Mode B cores. 1, 3, burin-core with bidirectional longi-
tudinal removals along one edge; 2, burin-core with removals along 

both edges; 4, 5 burin-cores in the early stages of reduction (note the 
setup of two opposed platforms); 6, truncated-facetted, burin-core wit 
asymmetrical cross-section. All Mode B cores are from Pit 4 AH6, 
except for number 8 that comes from Pit 1 AH6
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place from two opposed platforms at once, on the same flak-
ing surface.

Two cubic cores (one from each pit) (Fig. 7 (1, 2)) show 
a more intensive use of a broad face as a flaking surface, a 
morphology often described as “flat-faced cores,” and pro-
duced blades until discarded. The remaining length of the 
flaking surface, the number of scars, and the lack of cortex 
point toward a relatively advanced stage of reduction.

Mode B cores are blades (N = 8) (Fig. 7 (3–9); SI4), or 
laminar flake blanks, that are turned into volumetric cores 
producing small blades and bladelets. From burin-cores, 
small blades/bladelets are detached from one or two opposed 
platforms, following the longest axis of a thick blade seg-
ment (> 10 mm) (Zwyns et al., 2012). Depending on their 
degree of reduction, such artifacts fall into different burin 
types (burin on truncation, dihedral, or polyhedral). One is 
flaked on the dorsal face of the blade (truncated-faceted), 
and another shows a flaking surface extending from the nar-
row to the dorsal face, like on Mode A cores. Classic burin-
cores show combinations of striking platform preparations, 
with one shaped by lateral removal perpendicular to the 
blade, as opposed to another one prepared by a truncation. 
Just like for the larger cores, there seems to be an alternat-
ing use of the platforms, with one remaining larger than the 
other at the time of discard.

To summarize, two main categories of core are identified 
depending on whether they are reduced from raw material 
nodules (Mode A) or if they are re-knapped thick blades 
(Mode B). In the former mode, different types are distin-
guished based on core shapes, though they share the same 
kind of asymmetrical reduction patterns (Fig. 8). Whether 
these categories represent distinct, independent reduction 
sequences, or different steps in a single core reduction pro-
cess, is discussed below. With the latter, core variants over-
lap with tool types, such as burins (on breakage, truncation, 
dihedral, or polyhedral) or truncated-facetted pieces. The 
burin-cores derive from a recycling of technical blades com-
ing from the blade production processes.

Blade Blanks and Retouched Blades

Fragmentation

The frequency of unretouched flakes and blades is relatively 
even, with blades slightly more represented (N = 173; 53%) 
(Table 2). Considering the minimum number of individu-
als (sum of platform blanks) or including the fragments, 
retouched blades represent about a third of all blades (N = 38, 
36%; N = 83, 32%, respectively). To evaluate the number of 
blades per core, we divided the sum of the core and preforms 
by the number of retouched and unretouched blade blanks. 
A ratio of 15 blades per core derives from the whole sample, 
but it drops to a ratio of 5/blades per core when considering 

the MNIs for blades and blade tools—reflecting the fact that 
over 90% of blades are fragments. Naturally, these num-
bers may also reflect the import/export of artifacts in the 
excavated area. Retouched flake frequencies are generally 
low (N = 32; 36%), but they rise in the MNI (N = 21; 65%). 
This, along with the observation that most of the flakes are 
proximal fragments and complete flakes (N = 74; 88%), sug-
gests a visibility bias when differentiating flake fragments 
from lithic shatter. In addition to the Mode B cores described 
above, numerous blade fragments show impact points, chip-
ping, and flexion fractures on the snapped surface (Fig. 9). 
We also find numerous blade segments like those described 
by Slavinski and colleagues (2019) in the Siberian Altai. 
Considered a whole, the sample shows a high fragmentation 
rate that may reflect trampling (or other post-depositional 
processes) and/or intentional snapping procedures.

Length, Width, and Thickness

With only 22 complete blades, the length of the blades 
shows a relatively similar distribution for retouched and 
unretouched specimens, and the whole set ranges between 
35 and about 130 mm (Table 3). Unretouched blades show 
double the variance observed in retouched blades. Complete 
flakes range between 15 and 66 mm in length. Blade width 
distribution is unimodal. While retouched blades are signifi-
cantly wider than unretouched ones (U = 5060, p = 0.00013) 
(Figs. 10 and 15A), they also show less variation. The coef-
ficient of variation is 41.4 and 29.1 respectively, and the 
Fligner-Killeen test suggests that the difference is statisti-
cally significant (T = 46.736, E(T) = 80.433, z =  − 3.3871, 
p = 0.00035). Flakes show a smaller difference between the 
retouched and unretouched categories, showing that larger 
flakes are more likely to be retouched. The same observa-
tions are made on the thickness, and retouched blades are 
significantly thicker and more standardized than unretouched 
ones. These differences are reduced but still hold when com-
paring MNIs.

Dorsal Pattern

The blade dorsal faces include both unidirectional and bidi-
rectional patterns (Table 4; Figs. 11 and 12). The numerous 
undetermined specimens reflect how fragmentation affects 
the recognition of bidirectional dorsal patterns, while dif-
ferences between MNI and the whole sample suggest that 
bidirectional blades are usually more numerous among frag-
ments. Essentially, the coexistence of bi- and unidirectional 
blades suggests a core reduction involving two opposed 
platforms and alternate short sequences of flaking. When 
the whole sample is considered, bidirectional blades are 
well represented among the retouched tools. The situation 
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changes when we look at the MNI where unidirectional 
blades dominate both in retouched and unretouched catego-
ries. It shows that the recognition of bidirectional dorsal 
pattern is affected by the high rate of fragmentation and/
or that proximal fragments tend to show less evidence of 
bidirectional dorsal scars.

Assuming that they are not all imported, the good rep-
resentation of crested blades reflects the intensity of core 
reduction at the site. The lack of initial crests and core 
preparation flakes and the good representation of second 
crests suggest the import of semi-prepared cores from an 
unknown distance (arguably, the initial flaking could occur 
not further than a few meters away). This corroborates the 
low frequency of primary or secondary cortex on both blade 
and flake blanks. Notable is the occurrence of small size 
crests (close to the 12 mm width cut-off), linked with the 
production of small blades/bladelet, and blades or laminar 
flakes with orthogonal removals on one side. Morphologi-
cally, the latter are like second/third crests but seem to reflect 
posterior removal covering one of the flanks. Given that all 
categories of blades have been retouched, import–export of 
technical blanks cannot be ruled out.

Platform Type

Platform preparations often depend on object categories 
(Table 5). Plain, facetted, and dihedral convex platforms (in 
that order) are the most frequent among unretouched blades, 
while dihedral and faceted platforms stand out among blade 
tools. Flakes show little preparation, which is consistent with 

the general lack of technological investment observed in the 
overall sample.

The external platform edge is prepared using various 
methods that we categorized into six main groups: no prepa-
ration (1), light abrasion (2), strong abrasion (3), pecking (4) 
(Fig. 13e, f), flaking (5), and trimming (6) (Table 6; Fig. 13c, 
d). Notable is the marginal faceting (flaking from the dorsal 
face toward the platform) (Fig. 13e) and the pecking that 
occurs in high frequencies in the IUP from the Altai and the 
Baikal region (Slavinsky et al., 2017; Zwyns, 2012; Zwyns 
& Lbova, 2019), but also known in western Russia (Nehoro-
shev, 1999) and in the Levant (Kadowaki, 2017; Ohnuma, 
1988). Defined respectively as a faceting or a hammering 
of the platform edge, it can be combined with a prominent 
plain, dihedral, or facetted platform (Fig. 13c–f).

Platform thicknesses are within the expected range of 
direct percussion with a stone hammer (> 4 mm on average, 
according to Pelegrin, 1995) (Table 7; Fig. 14A). It is par-
ticularly true for the retouched blades that have the thickest 
platforms in the sample. It is notable, however, that the use 
of such percussion technique is not spatially or temporally 
specific. Given the standard deviations observed and the lack 
of reliable experimental referential for this raw material, the 
use of other techniques (e.g., soft stone hammer) cannot be 
ruled out.

Flaking Technique

Our interpretation of the flaking techniques is approached 
here using the data presented above, namely platform mor-
phology, external platform edge, and impact points and 
lips. Platforms are generally thick (> 4 mm), especially for 
retouched blades. Faceted platforms are rare among flakes, 
but one blade platform out of four is faceted. Along with 
dihedral preparations, this treatment accounts for half of the 
retouched blades. Hence, it is reasonable to suggest that the 
use of a mineral hammer extends to the production of blades.

External platform edges lack thin abrasion but frequently 
show heavy battering, flaking (from the dorsal face toward 

Fig. 8   Simplified core reduction pattern. 1, ACR from the Asian IUP 
(adapted from Boëda’s Roc-de-Combe type) (Boëda, 1990), blades 
are removed between two surfaces. (A, E) Axis of core reduction. (B) 
Motion around the flaking surface. (C)Technical flakes (debordant) 
for the management of lateral convexities. (D) Core geometry. (F) 
Crest. (G)  Posterior crest. (H) Intersection between two surfaces. 2, 
two ACR phases on one core (cuboid-ogival configuration); 3, pris-
matic core; 4, cuboid-ogival core; 5, cubic core; burin-core (frontal 
reduction pattern)

◂

Table 2   Pit 4 AH6. 
Fragmentation of tools and 
blanks; R (retouched) refers to 
tools

Blade R blade Flake R flake

N f N f N f N f

Distal 13 7.5% 6 7.1% 7 4.6% 6 15.0%
Mesiodistal 3 1.7% 3 3.6% 0 0.0% 0 0.0%
Mesial 90 52.0% 37 44.0% 12 7.9% 4 10.0%
Mesioproximal 12 6.9% 7 8.3% 2 1.3% 1 2.5%
Proximal 42 24.3% 22 26.2% 38 25.0% 1 2.5%
Complete 13 7.5% 9 10.7% 84 55.3% 25 62.5%
Undetermined 0 0.0% 0 0.0% 9 5.9% 3 7.5%

173 100.0% 84 100.0% 152 100.0% 40 100.0%
MNI 67 38.7% 38 45.2% 124 81.6% 27 67.5%
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the platform), and trimming (from the platform toward the 
dorsal face) (Fig. 12). Such preparations are often (but not 
only) associated with the production of massive blades 
(Slavinsky et al., 2017). Like overhang removal, it prepares 

the core edge for direct percussion using a hard hammer and 
the associated compression force. Two of the cores from 
our sample show evidence of percussion that is consistent 
with their use as “retoucher” and could be associated with 

Fig. 9   Pit 4 AH6. Blade fragments showing features consistent with an intentional fragmentation. 1, 2, and 5 show impact points on breakage 
planes; 1, 3, and 4 are “butterfly-like” fragments as described by Slavinsky et al. (2019); 2 and 5 show notches near the breakage plane

Table 3   Pit 4 AH6. 
Unretouched and retouched 
blank size compared

Blade RBlade Flake RFlake

μ σX μ σX μ σX μ σX

Length 71.1 28.6 66.9 21.1 38.2 11.2 41.3 12.7
Width 22.8 9.4 26.9 7.8 33.3 12 36.7 12.6
Thickness 8.3 4.1 9.4 3.5 9.8 4.7 10.2 3.9
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such striking platform preparation of other cores (Fig. 14A). 
No clear correlation can be established between platform 
and edge preparation beyond the fact that plain and faceted 
platforms are more likely to show a visible preparation of 
the edge.

More than half the blades show impact points on their 
platform, while it is far less frequent on flakes. This feature is 
usually associated with the use of a stone hammer (Anoikin 
et al., 2019). The presence of an identifiable lip, a feature 
associated with a greater shearing force, occurs on about 
half of the blades observed, while it is much less common 
on flakes (with the exception of the retouched flakes). Promi-
nent bulbs are common but do not occur systematically.

Hence the assemblage shows a complex of features that is 
not easy to interpret. Parts of it (platform thickness, impact 
point, prominent bulb) are consistent with the use of stone 
hammers, a technique known in most Paleolithic assemblages. 
Other features (battered, flaked, or trimmed external platform 

edge, strong abrasion, lip) could be consistent with the use of a 
soft, or hard, stone hammer, and cannot, therefore, distinguish 
between these methods. Some features could also indicate an 
occasional use of organic hammer (tangential percussion, soft 
abrasion, thin platform) (Pelegrin & Inizan, 2013) but not only 
are these features rare in the assemblage, they may also occur 
in association with different types of percussion (Driscoll & 
García-Rojas, 2014; Kharevich et al., 2022). Finally, follow-
ing the discovery of a metasomatite stone cobble in the IUP 
assemblage of Tolbor-4, Kharevich and colleagues (2021) have 
produced an experimental series of blades from mudstone nod-
ules collected in the primary deposits exposed next to the site. 
Testing for different types of hammers, including organic and 
mineral (with different degrees of hardness), they suggest that 
the coexistence of features described above and observed in 
the IUP from Tolbor-4 can be replicated more accurately using 
metasomatite than any of the other materials tested.

Fig. 10   Pit 4 AH6. Size distribution of blade blanks compared with retouched blades, complete blades (left) and of the overall sample (right)

Table 4   Pit 4 AH6. Summary 
of the dorsal patterns on blades 
(Zwyns et al., 2019)

Blade RBlade MNI blade MNI RBlade

N f N f N f N f

Unidirectional 19 18.4% 9 14.7% 13 30.9% 7 26.9%
Bidirectional 18 17.5% 18 29.5% 6 14.3% 4 15.4%
Crest 1 1.0% 2 3.3% 1 2.4% 1 3.8%
First crest 2 1.9% 0 0.0% 0 0.0% 0 0.0%
Second crest 8 7.8% 9 14.7% 6 14.3% 5 19.2%
Neo-crest 3 2.9% 1 1.6% 0 0.0% 1 3.8%
Cortical 13 12.6% 4 6.6% 4 9.5% 1 3.8%
Undetermined 39 37.9% 18 29.5% 12 28.6% 7 26.9%
Total 103 100.0% 61 100.0% 42 100.0% 38 100.0%
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Fig. 11   Pit 4 AH6. 9–11 are examples of convergent blades (type 1); 1–8 are parallel-edged blades (type 3); 3–5 are burin spalls (e.g., from 
burin-core)
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Fig. 12   Pit 4 AH6. Technical blades, including blades with bidirectional removals (1–3), primary (12) and secondary crests (5, 7), neo-crest (4, 
6), overshot (11), and side blades with unilateral orthogonal removals (8–10)
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Profile, Cross‑Section, and Asymmetry

Blade cross-sections are mostly trapezoidal, triangular, or 
polyhedral and bear two or more previous blade removals 
on the dorsal face (Table 8). Half of the retouched blades 
have a trapezoidal cross-section and come from a relatively 
advanced stage of core reduction (“plein debitage”). This is 
consistent with the lack of cortical blank in the tool category 
(N = 1, Table 4). The triangular category includes crested 
blades, while polyhedral sections also include technical 
blades with more intricate patterns on the dorsal face.

When it could be determined, blade profiles tend to be 
straight (Table 9). Straight profiles accounted for more than a 
third of the whole blade assemblage, retouched or not. To this 
can be added blades with a slight curvature. The difference 
between the whole sample and the MNI for retouched blades 
merely indicates the difficulty to find drawing a line between 
straight and slightly curved blades, given the minimum keel 
necessary for successful blade production. Although it is not a 
reliable predictor, the curvature is usually less pronounced in 
bidirectional core reduction than in unidirectional one.

The asymmetry is defined here as the cross-section of 
blanks with an angle ≥ 70° relative to the ventral face along 
one of the unretouched edges (natural back, debordant, side 
blades) (Table 10). The right/left edge is identified with the 
platform placed below. Notable is that backed blades are 
at least as numerous as flatter ones. This pattern is more 
clearly expressed in MNI and among retouched blades, and 
overall, it is consistent with a core reduction taking place at 
the intersection between two surfaces. It also indicates that, 
beyond the technical role of such blades for the management 
of lateral convexities, they are frequently also used as tools.

Summary

The assemblage documents a technology geared toward 
the production of blades of various sizes, and most of 
the cores preserve evidence of repeated blade removals. 
Cores are produced either on nodules/cobbles (Mode A) 

or on thick technical blades (Mode B) (Fig. 15). Although 
they can be grouped in different shape categories, Mode A 
cores share a basic setup that points toward a volumetric 
reduction, the use of two opposed platforms and semi-cir-
cular reduction pattern. The latter is oriented off-axis, with 
the exploitation of a surface located at the intersection 
of a broad and a narrow face. On the cuboid/ogival core, 
the system is duplicated leaving only the back of the core 
without negatives of long removals. The back is usually 
flat, prepared or not, with a posterior crest located on one 
of the extremities, at the intersection with the flank. The 
absence of methods based on the exploitation of hierar-
chical surfaces (e.g., Levallois) is notable, along with the 
lack of evidence for sequences geared exclusively toward 
flake production. The blade production relies on the use 
of crests, side blades, and tablets for the management of 
convexities and platforms, respectively (Fig. 16). Mode B 
burin-cores and associated spalls are well represented, but 
vary in shape, size, and reduction modalities. Typologi-
cally, they include smaller versions of the asymmetrical 
reduction observed in Mode A, truncated-facetted, and 
polyhedric burins, aka the typical burin-core.

The size of blanks produced ranges from large 
blades to bladelets (width ≤ 12 mm), with examples 
of convergent, sub-parallel, and parallel edges pre-
sent. Dorsal patterns show comparable occurrences 
of uni- and bidirectional dorsal patterns among unre-
touched blades, and the latter can be difficult to iden-
tify due to the high rate of fragmentation. Notable is 
the higher frequency of retouched bidirectional blades. 
Overall, the assemblage appears as a blade production 
workshop. Cortex proportions and crest frequencies 
suggest that (semi-)prepared cores were introduced 
and reduced until exhaustion. Platform preparations 
indicate the occasional use of marginal and complete 
faceting. The latter are thicker than the plain platforms 
on average, and we note that thick platforms are preva-
lent among the retouched tools. Tools are often more 
robust than the unretouched blanks, perhaps indicat-
ing that a selection process takes place based on the 

Table 5   Pit 4 AH6. Platform 
preparation (Zwyns et al., 2019)

Blade RBlade Flake RFlake

N f N f N f N f

Plain 17 40.5% 4 15.4% 52 70.3% 10 47.6%
Facetted 11 26.2% 7 26.9% 2 2.7% 0 0.0%
Dihedral 2 4.8% 3 11.5% 7 9.5% 3 14.3%
Dihedral convex 7 16.7% 7 26.9% 1 1.3% 2 9.5%
Cortical 1 2.4% 1 3.8% 5 6.8% 1 4.8%
Punctiform 2 4.8% 1 3.8% 4 5.4% 2 9.5%
Undetermined 2 4.8% 3 11.5% 3 4.0% 3 14.3%

42 100.0% 26 100.0% 125 100.0% 29 138.1%
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size of the blanks. The high rate of fragmentation and 
the absence of refitted sequences prevent an accurate 
estimate of the core productivity. Based on the number 
of negatives and the size of the cores, we suspect that 
the ratio of five blades per core calculated from the 
blank MNI is an underestimation and may reflect the 
export of the products to another location.

Results

Core Shape Variation

After removing fragments and setting aside the two cubic 
“flat-faced cores,” we compared the volumes of 28 cores 
(SI5). In terms of maximum length and flaking surface 
length, prismatic and cuboid/ogival cores are similar. Both 

Fig. 13   Pit 4 AH6. Close-up on platform preparations and breakage 
planes. a Plane platform; b cortical platform; c plane platform with 
lateral trimming; d plane platform with marginal faceting (perpendic-

ular to the dorsal face); e plane platform with pecking; f facetted plat-
form with pecking; g point of percussion on opposed breakage planes 
(same as Fig. 9 (2))
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categories overlap in size with the largest blades from the 
sample studied. We observe, however, that the average pris-
matic core volume is larger than all other shape categories, 
with the broadest variance (Fig. 17A). Cuboid/ogival and 
cubic flake cores, while having different shapes and produc-
ing different blanks, do not differ significantly in terms of 
volume (U = 22, p = 0.8465). As expected, burin-cores and 
more generally Mode B cores show a narrow distribution 
and the smallest volumes. At first glance, differences in vol-
ume do not support the prediction that all shape categories 
are indicators of independent pathways. We note, however, 
that cuboid/ogival and cubic flake core volumes broadly 
overlap. Hence, they do not show the monotonic decrease 
in volume expected in the most straightforward case of a sin-
gle reduction process. Instead, we observe a more nuanced 
picture where both predictions are partly fulfilled.

To stay consistent with the data requires the use of 
a parsimonious model that starts from a prismatic core 
and integrates reduction sequence and branching events 
(Fig. 17B). Mode A core reduction would start with large 
prismatic cores before following one among three different 
pathways. In the first one, prismatic cores are reduced and 
do not change shape as their volume decreases, leading to 
the production of small blades from small prismatic cores, 
equivalent in size to what large Mode B cores could produce 
(ca. 85 mm in length, > 12 mm in width). In the second one, 
cores are reduced faster in thickness than in length, lead-
ing to a cuboid/ogival shape and producing small blades at 
the end of the process. In both cases, the blanks produced 
range from large/medium to small blades. Cubic flake cores 
illustrate yet another case, where core length decreases faster 
than thickness, thereby leading to the production of flakes 
(cubic) or short blades (flat-faced cores).

To simplify, cuboids/ogival and cubic cores are two cat-
egories of shapes that illustrate how a prismatic core can 
be reduced. In the case of the former, the core is rotated, 
and asymmetrical reduction happens (at least) twice. Three 
out of the four faces of the core are used as flaking surfaces 
while the back remains with relatively little changes. Blades 
are produced until the end of the process of reduction. In 
the case of the latter, multiple tablet removals, breakage, 
or shorter block to start with leads to a cubic shape and, in 
some cases, to flake production.

Mode B cores producing small blades/bladelets show 
substantial typological variations, but because they are 
almost exclusively produced on relatively thick blade/lami-
nar segments (usually over 10 mm in thickness) (Zwyns, 
2012) (Fig. 15A), their volume is smaller while other fea-
tures suggest that blades were occasionally snapped. Quali-
tatively, some blade segments show a morphology like what 
Slavinsky and colleagues (2019) identify as evidence for 
intentional snapping at Kara-Bom, in the Altai. The latter 
sometimes show clear perpendicular impact points, lateral 
notches, or small retouch-like removals on the fracture plane 
(Figs. 9 and 13G, H). Although there is a high rate of frag-
mentation among blades compared with flakes, the latter do 
not differ in average thickness and are more compact and 
naturally less prone to bending/shearing fractures. Based on 
the observations listed above, we consider that direct per-
cussion, and/or the use of a passive anvil to intentionally 
fragment the blades, is plausible to the exclusion of other 
natural causes.

Bidirectional Blade Reduction

As mentioned above, bidirectional blades are well repre-
sented among retouched tools (ca. 42% of identified dorsal 

Table 6   Pit 4 AH6. Platform 
edge preparation. No 
preparation (1), light abrasion 
(2), strong abrasion (3), pecking 
(4) (Fig. 13e, f), flaking (5), and 
trimming (6)

Preparation Blade RBlade Flake RFlake

N F N F N F N F

1 5 7.6% 4 10.3% 36 28.6% 7 25.0%
2 1 1.5% 1 2.6% 10 7.9% 3 10.7%
3 4 6.1% 2 5.1% 1 0.8% 0 0.0%
4 9 13.6% 8 20.5% 0 0.0% 0 0.0%
5 15 22.7% 14 35.9% 17 13.5% 3 10.7%
6 25 37.9% 6 15.4% 39 31.0% 9 32.1%
Undetermined 7 10.6% 4 10.3% 23 18.3% 6 21.4%

66 100.0% 39 100.0% 126 100.0% 28 100.0%

Table 7   Pit 4 AH6. Retouched 
and unretouched blank, platform 
thickness (in millimeters) 
(Zwyns et al., 2019)

Blade RBlade Flake RFlake

μ σX μ σX Μ σX μ σX

5.4 2.9 7.1 3.4 5.5 2.6 4.4 1.7
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Fig. 14   Pit 4 AH6. A Platform 
thickness. Note the thicker 
platform for retouched blades, 
aligning with the facetted 
platforms. B Close-up on per-
cussion marks suggesting this 
ogival/cuboid core was used as 
a hammer/retoucher (same as 
Fig. 5 (5))
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patterns), with the caveat that over 60% of the blades are 
fragmented, thereby decreasing the visibility of such dorsal 
pattern.

When comparing the frequency of bidirectional removals 
with other IUP assemblages, it is notable that T16 is at the 
lower end of it, even considering assemblages with simi-
lar fragmentation rates such as Kamenka A-C (Table 11). 
Considering that access to raw material seems to impact 
the number of blanks produced per core, it is therefore pos-
sible that core rotations are an option to increase blank pro-
ductivity. The example of Kara-Bom OH5/OH6 has closer 
access to raw material, yet with collection trips that can be as 
long as 14 km, which stretches the limits of a usual 6–8 km 
hunter-gatherer foraging radius (Binford, 1979; Kelly, 2007). 
At high latitude, this distance is difficult to cover during the 
shortened daylight of a winter day, especially if one con-
siders the time devoted to collecting rocks and the energy 
spent carrying them. Kara-Bom shows a blade/core ratio 
similar to T16, but with a much higher frequency of bidi-
rectional removals. Given the possible biases in sampling 
procedures and excavation methods between these examples, 
such observations need verification.

When looking at the cortex distribution per dorsal pat-
tern, uni- and bidirectional blanks do not differ significantly 
except in cases when the cortex covers over 60% of the sur-
face (Fig. 15B). This is not surprising given that dorsal scars 
from a bidirectional pattern, by default, would tend to cover 

a broader region of the dorsal surface than a unidirectional 
one. Although the early stages of blade reduction are not 
extensively documented in the T16 sample, it suggests that 
core reduction may start as unidirectional before including 
the use of an opposed platform. Such a strategy would pre-
dict that blades with unidirectional dorsal pattern are larger 
than the bidirectional ones.

Figure 18 shows the results of a comparison between the 
widths per binned dorsal patterns (SI5). Unidirectional and 
bidirectional categories include cases where distal crests, 
or cortex, are still visible. The crest/cortical group includes 
initial and second crests (sous-crête), neo-crest, and corti-
cal blades. Other groups have undetermined dorsal patterns. 
Three different IUP assemblages corresponding to three 
distinct raw material situations are compared, ranging from 
local access (Tolbor-16), within the foraging radius (Kara-
Bom) and long distance (Kamenka A-C). The results show 
that in all cases, there is no significant difference in width 
between uni- and bidirectional blades. Perhaps the most 
striking difference is in terms of variance and outliers, which 
are often larger in the bidirectional blades than unidirec-
tional ones. The size of crest blades seems to vary, perhaps 
because of raw material shortage. Overall, the results do not 
validate the hypothesis of a bidirectional flaking strategy 
being aimed at increasing the blank productivity of cores.

Three qualitative categories of blades can be distinguished 
based on their contour (Zwyns & Lbova, 2019) (Table 12; 
Fig. 11). Type 1 groups are blades that have convergent edges 
from the proximal to the distal end; type 2 is convergent from 
the mesial to the distal end; and type 3 are blades with parallel 
edges (except a possible convergence at the distal end). 
Mostly due to the high fragmentation rate, a sample of 32 
blades (MNI = 21) could be typed in one of these categories 
as the whole sample. For both retouched and unretouched 
blades, type 3 dominates except for the MNI of retouched 
blades. This suggests either that blade production was aimed 
at this kind of format, or that other types are missing for other 
reasons (e.g., export). Considering the asymmetrical pattern 
of core reduction and the high frequency of naturally backed 
blanks, this pattern indicates that the role of parallel-edged 

Table 8   Pit 4 AH6. Blade cross-sections

Blade Ret blade

N f N f

D 4 2.3% 1 1.2%
Flat 1 0.6% 1 1.2%
Triangular 66 38.2% 23 27.7%
Trapezoidal 75 43.4% 42 50.6%
Polyhedral 25 14.5% 14 16.9%
N/A 2 1.2% 2 2.4%

173 100.0% 83 100.0%

Table 9   Pit 4 AH6. Blade 
profiles

Blade Ret blade MNI blade MNI ret blade

N F N F N f N f

Straight 59 34.1% 34 40.5% 23 34.8% 12 27.9%
Slightly curved 19 11.0% 19 22.6% 7 10.6% 14 32.6%
Curved 13 7.5% 3 3.6% 6 9.1% 6 14.0%
Twisted 12 6.9% 4 4.8% 4 6.1% 1 2.3%
N/A 70 40.5% 24 28.6% 26 39.4% 10 23.3%

173 100.0% 84 100.0% 66 100.0% 43 100.0%
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thick blades cannot be restricted to core management. 
Instead, they are an integrative part of the tool kit.

Comparing these results with the IUP assemblage of 
Kamenka A-C leads to several observations. First, debor-
dant/neo-crest blades are the most represented among unre-
touched blanks in both samples. They are also transformed 
into retouched tool forms, but at T16, the frequency may 
be artificially inflated due to fragmentation or blade export. 
When one considers the MNI blades, convergent blades 
are as likely to occur among the tools. This is, perhaps, the 
clearest difference with Kamenka where convergent blanks 
are lacking compared with sub-parallel blades. The latter, 
defined as blades that have parallel edges up to the mesial 
section, are rarely observed at T16. Convergent mesiodis-
tal fragments do occur, but in smaller frequencies than in 
Kamenka. These results may indicate differences in blank 
selection or import–export between the sites.

Retouched Tools

It is difficult to identify what types of blanks were targeted 
and selected for secondary treatment (e.g., retouch) solely 
based on technological proxies. Here, it is addressed by com-
paring retouched and unretouched blanks, with the hope to 
identify potential criteria of selection. At the most basic 
level, it is notable that ca. 65% of the retouched tools are 
made on blades (Table 13). It is not surprising given that the 
well-documented blade production makes up a substantial 
part of the assemblage, while specific flake production is 
lacking.

Comparing the width and thickness of the retouched and 
unretouched blades shows that the retouched ones are larger 
(and thicker). Although the sample is small, they are not 
restricted to a specific type of contour and both tools with 
parallel and convergent edges are common. Typical UP tool 
types, such as burins, perforators, or retouched bladelets, are 
rare or absent except for endscrapers on blades and flakes, 
and truncated blades. A few examples of tools with proximal 
secondary modifications are observed, by bilateral abrupt 
retouch (Fig. 11 (11)), Kombewa removals (Fig. 21 (2)), or 
bilateral direct retouch. Overall, there is a lack of formal, 
highly curated tools.

Middle Paleolithic typical tool types such as sidescrap-
ers are mostly absent, while notches and denticulates are 
well represented among both flakes and blades (Figs. 19 
and 20). A close examination of the retouched tools across 
categories reveals that most of the tools are retouched 
technical flakes linked with the blade reduction process. 
For example, irregular laminar flakes and debordant blades 
were often targeted to produce retouch blades, notches, or 
denticulate while endscrapers were produced on byproduct 
flakes of crest shaping. There are, naturally, examples of 
“plein debitage” blades bearing retouch, but they are often 
fragments. Overall, the technology used at the site allowed 
for the production of diverse blade types. Some of these 
blades seem to be under-represented, while technical, 
often irregular blanks are transformed into informal tools.

We note the occurrence of two bifacial pieces. The first 
one is a relatively large, asymmetrical bifacial-backed 
knife produced on what appears to be a massive cortical 
flake (Fig. 21 (1)). Bifacial thinning removals are around 
the distal mesiodistal part and inverse flat retouch is more 
invasive. The tool is off-axis by ca. 45° relative to the axis 
of flaking. From a techno-functional point of view (Boëda, 
2001), mesiodistal direct and alternate retouch identifies 
the right edge as the last one being active. The extent of 
the inverse retouch highlights the role of the pointed tip, 
where symmetry is more prevalent. From a broad typo-
logical standpoint, this artifact falls into the Keilmesser 
category. Well-known in the Middle Paleolithic from Cen-
tral Europe, these assymetrical bifacial-backed knives are 
also found in other contexts (Jöris, 2006; Jöris & Uomini, 
2019; Marks et al., 2002, Weiss, 2020). The direct position 
of the retouch, with a mesiodistal localization, a continu-
ous distribution, and a relatively straight delineation of the 
right edge, the back/based morphology, and the pointed tip 
suggest a taxonomic position between the Klausseniche 
(Klausennischemesser) and the Bockstein (Bockstein-
messer) sub-types (Jöris, 2006; Jöris & Uomini, 2019). 
Because the back almost connects with the distal end, 
the T16 artifact leans toward the latter. Technologically, 
this tool is a modified flake; hence, the base is not clearly 
defined, and the cross-section is plano-convex. Although 
the raw material appears to be local, only a small num-
ber of bifacial thinning/retouch flakes (N = 3) have been 

Table 10   Pit 4 AH6. Cross-
section asymmetry

Blade Ret blade MNI blade MNI ret blade

N f N f N f N f

None 83 48.0% 30 35.7% 25 30.1% 14 36.8%
Left 42 24.3% 21 25.0% 19 22.9% 13 34.2%
Right 29 16.8% 15 17.9% 13 15.7% 5 13.2%
N/A 19 11.0% 18 21.4% 26 31.3% 6 15.8%

173 100.0% 84 100.0% 83 100.0% 38 100.0%
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identified (with the caveat that bifacial thinning flakes may 
be difficult to differentiate from crest-shaping flakes).

Another small bifacial piece displays an advanced stage 
of thinning, but marginal retouch is absent (Fig. 21 (3)). 
Instead, the lateral edges retain a transversal plane that 
prevents them from functioning as cutting surfaces. The 
distal part is broken and missing. From a techno-functional 
point of view, this object could be interpreted as unfin-
ished, and still in the thinning phase.

Discussion

Do Core Types Correspond to Independent 
Reduction Sequences?

There are countless descriptions of core shape variability in 
Paleolithic assemblages, but whether core types are prox-
ies for specific reduction sequences is not a question that 
is systematically addressed. To the best of our knowledge, 
these discussions are best exemplified by a debate revolving 
around the Middle Pleistocene assemblage from level IIa 
at Biache Saint Vast (France). Interpreted as a specialized 
hunting camp with easy access to high-quality raw material, 
level IIa was described by Tuffreau (1988) and Boëda (1988, 
1994) as an assemblage with a prevalence of Levallois tech-
nology in cores, blanks, and tools. Boëda went on identify-
ing two different variants of Levallois recurrent (Schemas A 
and B, unidirectional and bidirectional respectively), along 
with non-Levallois centripetal reductions (Schema C) and 
other undifferentiated cores and core/tools (Schemas D and 
E, respectively). He further suggested that these categories 
correspond to distinct reduction pathways that required spe-
cific, yet different, initial setup. Hence, once the reduction 
started in one schema, it was no longer possible to change 
to another—thereby explaining why cores were discarded 
in different shapes. While recognizing the high frequency 
of Levallois and the schemas described by Boëda, Dibble 
(1995) challenged these two latter assumptions. Following 
Frison (1968) and Jelinek (1976), he argued that some of the 
schemas (or core types) could also correspond to different 
steps in a reduction sequence.

Such debates had an influence on the study of Mid-
dle Paleolithic assemblages elsewhere. Based on flake 
dorsal cortex and scar patterns, Baumler (1988) suggests 
that at the site of Zobište, in northern Bosnia, cores that 
are first reduced from one or two platforms would then be 

flaked following a centripetal progression prior to discard. 
Although methods are sometimes correlated with raw mate-
rial quality (e.g., De Loecker & Roebroeks, 2012), refits 
from layer 5 in Scladina, in Belgium, show that several 
methods are sometimes used on cobbles of coarse-grained 
material such as quartzite (Di Modica & Bonjean, 2006). 
Although shifts in method during core reduction may occur 
during the Middle Paleolithic, Kuhn (1995) notes that for the 
Pontinian, a Middle Paleolithic variant from Italy character-
ized by its overall small size, there is consistency in methods 
throughout the reduction process. With size constraints, it 
is easier to associate some of the core types with independ-
ent reduction pathways. The same situation is observed in 
Montenegro, in the Mousterian layers XVIII-XII of Crvena 
stijena, and at Bioče layers 2–7, with respect due to the limi-
tation of sample size (Dogandžić & Đuričić, 2017).

Far from being trivial, addressing core shape variability at 
the assemblage level is central to the recognition of the IUP 
as a phenomenon distinct from transitional assemblages. At 
Boker Tachtit, Volkman (1983) describes a system centered 
around the production of Levallois points. He notes that con-
sistency in core reduction pathways is higher at the top (layer 
4) and the bottom (layer 1) of the cultural sequence. In the lat-
ter, blades are mostly considered byproducts relative to elon-
gated bidirectional points, seen as a transitional stage from the 
Middle to Upper Paleolithic technology (Demidenko & Usik, 
1993; Teyssandier, 2024). This is one of the reasons why layer 
4 was considered the outcome of a transitional process and 
referred to as IUP (Marks, 1990). At the individual core level, 
such a  shift was described in Kara-Bom, where two cores 
aimed at the production of Levallois points and blade produc-
tions were refitted on a single raw material nodule (Rybin, 
2020). The coexistence between a Levallois-like blade tech-
nology and sub-volumetric blade reduction is also observed 
by Li and colleagues (2020) at Shuidonggou locality 1. To 
document the intra-assemblage variability of this rare example 
of the IUP in North China, they isolate different core shapes 
such as Levallois (grouping uni- and bidirectional blade 
cores and flake cores) and prismatic/subprismatic. Although 
they note that there are examples of cores that combine the 
two forms (possibly indicating an asymmetrical reduction 
method), they do not attempt to test for potential links between 
the different types in the framework of a continuous process. 
They note that based on size, simple core forms are unlikely 
to be the beginning of a blade core reduction process. Albeit 
their classification systems differ from ours, the variations 
observed encapsulate most of the specific forms observed in 
T16 (except cuboids/ogival).

Just like the examples above, the T16 material shows a 
relative consistency in the use of the asymmetrical method 
of reduction. Besides the “typical” examples showing the use 
of a narrow and a broad flaking surface, other shapes occur 
in the absence of long refitted sequences, yet whether these 

Fig. 15   A Thickness of burin-cores on blades compared with 
retouched and unretouched blades. B Dorsal cortex frequency on uni-
directional and bidirectional blades (unretouched and retouched com-
bined). Note that the lack of extensive cortex on is expected bidirec-
tional blades, given the higher number of removal scars

◂
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Fig. 16   Pit 4 AH6. Technical flakes, including core tablets (1–4), debordant flakes (5–7), and flakes/laminar flakes with unilateral orthogonal 
removals (7, 8)
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Fig. 17   A Distribution of core volume per shape categories. This plot includes cores from Pit 1 and Pit 4, AH6, and the selected ones from AH5. 
Note that the results do not differ when AH5 cores are removed. B Suggested model of reduction
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Table 11   Pit 4 AH6. 
Comparison between basic 
parameters relevant to flaking 
direction from Kara-Bom 
(Altai), Kamenka (Transbaikal), 
and T16

Kara-Bom (OH5/OH6) Kamenka A-C T16 (AH6)

N (with cores) 385 389 267
MNI 222 172 105
Fragmentation rate 42.1 63.8 61.7
Cortex f bidirectional (unidirec-

tional)
 > 1.8 (> 1.4) 3.5 (3.3) 27.3 (42.1)

Distance primary RM  < 7 km  < 20 km  < 1 km
B/C MNI 9.3 17.2 6.2
B/C All 16 37.9 15.1
f bidirectional MNI 46.4 37.2 12.5
f bidirectional all 51.2 48.5 21.9

Fig. 18   Comparison between blade widths per dorsal patterns from three different IUP sites
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shapes correspond to independent methods of reduction 
was unclear. We compared the volume (a metric independ-
ent of the shape and reduction methods) across categories 
while setting basic predictions for two arbitrary models. The 
first one implied that the main core categories correspond 
to distinct reduction sequences, starting from raw material 
collection to exhaustion, and would result in an overlap in 
terms of volume distribution across the board. The second 
implied that shapes reflect different stages of exhaustion in a 
single sequence, which would lead to a monotonic decrease 
in volumes across categories. These predictions both occur 
to some degree, and the results of these exploratory analyses 
suggest that a more nuanced model is required to make sense 
of the bulk of qualitative and quantitative observations.

We put forward a model centered around the produc-
tion of blades as a primary goal and relying on a basic 
prismatic core setup. The core reduction may continue 
along the same lines until exhaustion or branch off toward 
a narrower shape due to a change of orientation, or toward 
a cubic shape due to platform rejuvenation. A relatively 
consistent reduction method is used regardless of the dif-
ferences in core shapes; therefore, we consider that dis-
tinct core types do not necessarily correspond to distinct 
reduction sequences per se. They may represent branching 

events in a Markov decision process (Muller et al., 2017), 
with points of no return. Turning a cubic core back into a 
prismatic or cuboid/ogival shape would become too costly 
at a certain point of the process. Conversely, turning a core 
into a cubic shape might be easier and perhaps less costly. 
Overall, our model integrates both original predictions, 
with a reduction system that sometimes branches into 
sequences of decision-making responding to predictable 
or stochastic changes. Whether or not core shapes reflect 
what is known as a “mental template” is more difficult 
to assess. To be consistent with the model, the templates 
must be defined as modalities combined in a resilient 
reduction process (as opposed to the dogmatic applica-
tion of a formula). Repeating the latter may be interpreted 
as a learning experience from which expectations arise in 
terms of technical constraints, byproducts, and accidents, 
along with pre-conceptualized technological solutions.

Variations in core shape and size in this case may be 
partly due to the dynamic nature of a reduction process. 
Although there is consistency in the flaking technology 
within (and between) IUP assemblages, diversity in core 
shape does not necessarily index for specific chaîne opé-
ratoire (Dibble, 1995). Consequently, core typology may 
be useful as a classification tool, but it is not as accurate as 

Table 12   Pit 4 AH6, 
Comparison between the 
frequency of blade per degree 
of convergence at T16 and 
Kamenka (Transbaikal)

Blades MNI Blades R Blades MNI R

N f N f N f N f

Tolbor-16-AH6
  Type 1 3 14.3% 3 21.4% 3 27.3% 3 42.9%
  Type 2 3 14.3% 1 7.1% 1 9.1% 1 14.3%
  Type 3 15 71.4% 10 71.4% 7 63.6% 3 42.9%
  Total 21 100% 14 100% 11 100% 7 100%

Kamenka A-C
  Type 1 3 15.8% 3 20% 2 5.4% 1 4.2%
  Type 2 6 31.6% 3 20% 23 62.2% 15 62.5%
  Type 3 10 52.6% 9 60% 12 32.4% 8 33.3%
  Total 19 100% 15 100% 37 100% 24 100%

Table 13   Pit 4 AH6. Basic tool 
types (Zwyns et al., 2019)

Blade Flake Total

N f N f N f

Retouched blank 41 67.2% 12 37.5% 41 57.0%
Scraper 0 0.0% 1 3.1% 1 1.1%
Endscraper 2 3.3% 2 6.3% 4 4.3%
Burin 1 1.6% 0 0.0% 1 1.1%
Point 2 3.3% 0 0.0% 2 2.2%
Truncation 2 3.3% 0 0.0% 2 2.2%
Notch 7 11.5% 9 28.1% 16 17.2%
Denticulate 6 9.8% 8 25.0% 14 15.1%

61 100.0% 32 100.0% 93 100.0%
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an indicator of technological diversity as it is illustrating 
flexibility around a general concept of reduction (Moore, 
2011). It is not trivial when it comes to discussing the coex-
istence of flake and blade cores, or Levallois-like cores in an 
IUP context. It also suggests that to quantify the complexity 
of such dynamic systems, it is important to integrate the 
consistency of a reduction method, which gives weight to 

the notion of hierarchical complexity (Haidle, 2014; Muller 
et al., 2017; Stolarczyk & Schmidt, 2018). Systems based 
on categorical data such as procedural units may tend to 
amplify “complexity” when different core shapes are used as 
proxies for flaking methods (Oswalt, 1976; Perreault et al., 
2013).

Fig. 19   Technical and retouched flakes. Bifacial thinning flakes (1, 
2); crest-shaping/orthogonal flakes (4, 5, 8, 9); flakes detached from 
an opposed platform for blade core flaking surface distal management 

(3, 6, 7); core flanks (10, 11); core tablet (13, same as Fig. 14 (4)). 
Tool types are piece esquillée endscraper (5); retouched flakes (9, 
10); denticulate (12) (drawings by N. Zwyns)
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Fig. 20   Technical and retouched flakes and blades. Fragment of 
blades with percussion marks on the breakage plane (3); bidirectional 
flake (4); proximal blade fragments with bidirectional dorsal pattern 
(5, 7); cortical blades (8); blades with unilateral orthogonal removals 

(9, 10). Tool types are piece esquillees (1); fragment of notched tool 
(2); retouched blades/laminar flakes (3, 8, 9, 12); and denticulate (10) 
(drawings by N. Zwyns)
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Is Bidirectionality a Way to Optimize the Blank 
Production?

The bidirectional character of the blade production has been 
central to the definition of the IUP since the first use of 
the concept. Originally, Marks considered the IUP as the 
result of the transition from bidirectional toward unidirec-
tional flaking (Marks & Volkman, 1983). For layer 4 at 
Boker Tachtit, Volkman (1983) notes that the short removal 
sequences involved in the production of Levallois points 
may vary too. The different pathways he described, how-
ever, are often organized around bidirectional predetermin-
ing lateral flakes/blades to set up the convergent guiding 
ridges. First described as a Levallois reduction (Marks & 
Kaufman, 1983), it was recently reconsidered as a non-
Levallois “surficial” concept (Goder-Goldberger et  al., 
2023). Although later iterations of the definition are more 
flexible (Bar-Yosef & Kuhn, 1999; Kuhn et al., 1999), the 
vast majority of what is called IUP in Central and East Asia 
includes a substantial share of bidirectional blanks (Belou-
sova & Rybin, 2016; Derevianko et al., 2000, 2007; Peng 
et al., 2014; Rybin, 2004; Slavinsky et al., 2016; Vasiliev & 
Rybin, 2009; Zwyns, 2012; Zwyns & Lbova, 2019).

At T16, the reduction is mostly bidirectional, but pend-
ing long refit sequences, the role of the two opposed plat-
forms remains unclear. With one larger than the other, it 

could indicate either a different role for each, such as a main 
platform to strike blades, and an opposed one for the man-
agement of distal convexities, or simply alternate removal 
sequences. A simple test was presented here considering 
core rotations to increase productivity. The “Frison effect” 
may not be the most compelling explanation for the reasons 
listed above. However, it is parsimonious and can be tested 
upfront with a straightforward prediction: unidirectional 
blades should be larger if the core reduction started unidirec-
tionally. In fact, uni- and bidirectional blades have roughly 
the same size (with or without the inclusion of bladelets) and 
the data does not validate such a hypothesis. Instead, IUP 
assemblages considered here show bidirectional removals 
early in the reduction process (Fig. 18). The results raise 
questions regarding the role of such a strategy.

A first possibility is what Pelegrin (1995) described as 
distal management of laminar flakes (and their dorsal nega-
tives on longer blades) in a Châtelperronian context. It is 
associated with an asymmetrical core reduction similar to 
the Asian IUP (Roc-de-Combe method sensu Boëda, 1990) 
and is otherwise mostly unidirectional. At T16, such flakes 
and dorsal scars occur only occasionally. In fact, blade dorsal 
patterns often show opposed removals covering the whole 
length of the blade (and not just the distal part), further sug-
gesting that direction shifts are frequent. A second possi-
bility is that removals from an opposed platform may be 

Fig. 21   Examples of specific tool types: 1, asymmetrical bifacial-backed knife (Keilmesser); 2, convergent flake with proximal inverse kombewa 
removals; 3, bifacial preform
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associated with the Y-shape dorsal pattern typical of conver-
gent blanks. As described by Marks & Kaufman (1983) in 
the layer 4 of Boker Tachtit, opposed platforms are involved 
in the production of convergent blanks. Secondary platforms 
are used for preparing the detachment of points (removing 
“predetermining” flakes, sensu Boëda, 1994) coming from 
primary platforms (aka “predetermined” flake). We note 
that the asymmetrical reduction method represented at T16, 
like what Boëda described as the Roc-de-Combe method 
(1990), overlaps with the non-Levallois surficial concept 
reported by Goder-Goldberger et al. (2023) in the AH-B 
(tentatively correlated with the layer 2 of Marks’s excavation 
by the same authors). While the data at hand does not show 
a specific association with convergent blanks, it is difficult 
to test this idea due to fragmentation and the lack of refits. 
In general, Asian IUP assemblages show a high frequency 
of “Levallois-like” blades while offering few examples of 
genuine Levalloisian technology (Kharevich et al., 2022; 
Shunkov et al., 2019). Absent at T16, examples of Levallois 
nevertheless exist elsewhere (Rybin & Khatsenovich, 2018), 
but their connection with blade production is far from clear.

Combined with a percussion with more compression than 
shearing force, bidirectionality may be one of the techno-
logical solutions to produce robust blades with a relatively 
straight profile. Core flaking surfaces and blades from T16 
have little keel (longitudinal convexity) compared with 
generic UP blade production. The latter is often geared 
toward the production of thinner, sharper blades through 
tangential percussion with organic or soft stone hammers. In 
unidirectional examples, it tends to show a more pronounced 
curvature on both flaking surface and blades. Evidence for 
intentional fragmentation may support this idea, as it seems 
to isolate thick segments with straight profiles. Based on 
qualitative observations, this hypothesis requires a test that 
is beyond the scope of our paper. Overall, the hypotheses 
described above are not mutually exclusive and may coexist 
at T16 or elsewhere. It comes out of our analyses that bidi-
rectionality is a technical decision independent of a straight-
forward need for productivity, or a reduction effect. The rate 
of fragmentation and the lack of refits, however, prevent us 
from fully addressing the function of this trait. Overall, it 
is probably misleading to isolate bidirectional flaking from 
its technological context. When combined with asymmetri-
cal and burin, and burin-core reduction methods, however, 
it may illustrate a combination of functional and “neutral” 
features worth using (in combination with others) for long-
distance comparisons.

IUP assemblages compared here illustrate different con-
straints in raw material availability and properties, in con-
tiguous yet distant regions. In all three cases, dorsal patterns 
indicate frequent core rotations starting early in the reduction 
process. As Vasiliev & Rybin (2009) suggested for the site 
of Tolbaga, in the Transbaikal, T16 cores are as likely to be 

finished by unidirectional flaking. Assuming that there is a 
functional meaning to such a strategy, it could increase con-
trol on the contour (e.g., convergent guiding scars) or on the 
profile (e.g., straight) of the blades. To our knowledge, such 
an association between flaking patterns is hypothetical, and 
not clearly expressed in the T16 data set. Granted that other 
functional roles should be explored, it cannot be excluded 
that this trait expresses normative behaviors. Along with 
other patterns of core reduction (asymmetrical, and burin-
core reduction), such normative behaviors are key to address 
the unity of IUP as a large-scale phenomenon through long-
distance comparisons. Rare in the context of blade produc-
tion, neutral traits are the most informative when it comes 
to measuring the degree of relatedness between assemblages 
(Dunnell, 1978, 2006; Sackett, 1977, 1986).

Does the Occurrence of MP Tool Types Reflect 
an Economic Strategy?

The combination of MP and UP tool types is among the 
defining traits of transitional and IUP assemblages in 
Eurasia (Hoffecker, 2009; Hublin, 2012, 2015; Kuhn & 
Zwyns, 2014, 2018; Rybin, 2014), but there is also a lack 
of specific tool forms such as a fossil-directeur, or a smok-
ing gun, that links all these assemblages (Kuhn, 2019). 
In fact, derived specific tool types such as points with 
proximal thinning are mostly typical of the Gorny-Altai 
(Kara-Bom, Kara-Tenesh, Ust-Karakol 1, Maloyalomans-
kaya Cave) and maybe extend into the Cis-Baikal Region 
(Makarovo IV) (Derevianko et al., 1998, 1999, 2001; Goe-
bel, 1994, 2004; Goebel & Aksenov, 1995; Rybin, 2000). 
Produced on bidirectional blades, and sometimes (but not 
always) associated with a bilateral retouch on the distal 
end, these points overlap typo-technologically with the 
Jerzmanowice point type known from the Lincombian-
Ranisian-Jerzmanowician technocomplex (Flas, 2008, 
2011), though with less inclination toward invasive bifa-
cial flat retouch. This type is elusive, if present at all, in the 
Transbaikal, North Mongolia, and North China, and it can 
be perceived as a tool type with a narrower geographical 
distribution than the associated technology. Kuhn makes 
a similar observation about another type of object charac-
terized by proximal thinning, the Emireh point. Restricted 
to the Levant, it is absent in Üçağızlı and further north or 
west (Kuhn, 2003; Kuhn et al., 1999, 2009). UP tool types 
are generally simple and consist of endscrapers, perfora-
tors, and rare burins. In Central and East Asia, frequencies 
of tool types seem more informative of site function, or 
regional variations, while blade technology is relatively 
homogenous (Zwyns, 2021).

At T16, the most prevalent tool types (except for 
retouched blades) are notches, denticulates, and backed 
knives, essentially types that first occurred in Eurasia during 
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the Middle Paleolithic. At T16, such expedient toolkits are 
produced on flakes recycled from the debitage associated 
with blade cores, or on blades. In the MP typology, backed 
knives may be listed as tools even in the absence of retouch 
(Bordes, 1961; Brezillon, 1968; Debénath & Dibble, 1994). 
The high frequency of debordant/side blades inherently 
linked with the asymmetrical core reduction method may 
artificially inflate the frequency of backed knives. Just like 
in other IUP sites, some of these blades are retouched, oth-
ers are snapped and turned into burin-cores, while the bulk 
of them are fragments or unretouched. Notches and den-
ticulates are poorly standardized tools, with a low degree 
of curation. Although they may represent ancestral traits, 
these MP tool types are widespread enough to be weak 
chronological and geographical markers. It seems prema-
ture to consider such features as evidence for the retention 
of ancestral traits, unless considering them as part of a broad 
shared technical repertoire.

Exceptional at T16, the bifacial tools still deserve special 
consideration. One of the two objects is an asymmetrical 
bifacial-backed knife on a massive flake, falling into the 
Keilmesser category found in Micoquian assemblages from 
Central and eastern Europe (Jöris, 2006; Jöris & Uomini, 
2019). This type of tool is rare in the IUP of Transbaikal 
and North Mongolia. Although there are examples of MP-
like bifacial tools/cores in the surface assemblages of the 
Gobi Desert, their chrono-cultural context is poorly under-
stood. Recent descriptions of comparable material from the 
Siberian Altai are worth mentioning here. At Chagirskaya 
Cave sub-layer 6c/1, Bocksteinmesser and Klausennis-
chemesser sub-types are associated with fossil and genetic 
evidence that illustrate a dispersal of the Neanderthal popu-
lation across Eurasia during or before the MIS4 (Kolobova 
et al., 2020). In the same region, an isolated Keilmesser is 
known from Denisova Cave, in the so-called transitional 
assemblage in layer 8 (entrance) (Derevianko et al., 2003, 
Fig. 90—9), and layer 19 from the Central chamber (Derevi-
anko & Shunkov, 2002). Generally, the material is described 
as a combination of MP and UP elements, some of which 
are typical of IUP open-air sites (Zwyns, 2012). Two pos-
sible examples are known from Ust-Karakol 1, excavation 
area 1, OH5.4–5.5, and associated with an IUP assemblage 
that includes Jerzmanowice-like point types (Derevianko 
& Shunkov, 2002; see also Figs. 147 and 148 in Zwyns, 
2012a, labelled as atypical leaf-point and sidescraper). Leaf-
points possibly associated with the IUP have been found at 
Kara-Bom (Belousova et al., 2019; Derevianko & Shunkov, 
2002; Goebel, 1994) and Ust-Karakol I sector 1 (Slavinskiy, 
2007), or in more complicated contexts, like the porphyria 
leaf-point from Ust-Kanskaya or the leaf-points from Anuy 
III, layer 18 (Derevianko & Shunkov, 2002). Characterized 
more broadly, bifacial objects occur in Middle Paleolithic 
contexts, at Okladnikov Cave, layers 2, 3, and 7 (Derevianko 

& Markin, 2011), Ust-Karakol-1 strata 13, or Denisova Cave 
entrance layers 10 and 18 (Derevianko & Shunkov, 2002).

The distinction between style function and the cladistics 
notion of homology and analogy is relevant to the identifica-
tion of MP features and their interpretation. The retention 
of archaic features could be thought to reinforce the IUP’s 
“transitional” status but could also represent contact between 
populations (Kuhn & Zwyns, 2014, 2018). T16 highlights 
two kinds of MP tool types, each unequally informative: 
poorly standardized expedient tools such as notches and 
denticulate, and more elaborate and curated morpho-types 
such as bifacial tools and scrapers. The former is mostly 
produced on technical flakes coming from blade core man-
agement, and we note the similar retouch on some of the 
blades (perhaps due to the fragmentation process). These 
may represent shared ancestral traits in a broad sense with a 
simple manufacture process, meaning that equifinality and 
functional needs make these tool types chronologically and 
geographically ubiquitous. It leads one to consider them as 
indicative of a grade rather than a clade. They more accu-
rately reflect immediate techno-economic constraints than 
recent branching events in a hypothetical cultural phylog-
eny, or contacts between human groups. More relevant is the 
occurrence of bifacial tools, and more specifically a single 
Keilmesser. The latter tool types are known in the Middle 
Paleolithic of Central and Eastern Europe. Asymmetrical 
bifacial-backed knives dispersed along with Neanderthals up 
to the Altai, and at least in some cases, these artifact forms 
and genetic data are consistent in a scenario of Neanderthal 
dispersal eastward during MIS4 (Kolobova et al., 2020). 
Although there is no clear fossil evidence supporting a diffu-
sion eastward, it is notable that such technology was carried 
over thousands of kilometers along the steppe belt. Granted 
that the occurrence of bifacial elements is rare in the IUP, 
and that there is no evident chronological overlap between 
the MP and IUP (but see Krause et al., 2007; Derevianko & 
Markin, 2011), this kind of typo-technological features may 
be more informative—if not on the IUP ancestral lineage, on 
potential contacts between populations. Given the scarcity 
of such finds and a poor understanding of site’s function, it 
is not possible to make a case for contact at T16 at present.

Conclusions

After addressing the three research questions outlined 
above, the results suggest that, at Tolbor-16, the variation 
observed in core typology is consistent with a reduction 
model. Hence, not all core types necessarily correspond to 
distinct chaînes opératoires. Because they capture immedi-
ate solutions to pragmatic economical or functional issues, 
core shapes alone may be misleading when used as chrono-
cultural markers. The bidirectional core reduction shared 



Journal of Paleolithic Archaeology            (2024) 7:18 	 Page 37 of 42     18 

by most IUP assemblages in Central and East Asia does not 
appear to be driven by concerns of productivity. We note 
that other functional roles (e.g., to obtain straight, robust 
blades) cannot be excluded and considered alone; it is prob-
ably not a reliable proxy for identifying IUP assemblages. 
When associated with the prevalence of asymmetrical and 
burin-core core reduction methods, it is more likely to 
reflect the impact of social norms on functional constraints 
and, thereby, be among the meaningful traits to address the 
relatedness between assemblages. Overall, there is also lit-
tle evidence for genuine Middle Paleolithic features in the 
sample studied here. Beside features related to the flaking 
technique (bulbs, platform preparation) and in the absence 
of specific methods (e.g., Levallois, Discoid), there are two 
categories of Middle Paleolithic typological features in the 
studied assemblage. The first artifact class groups together 
expedient tools (notch, denticulate) on recycled byproducts 
of the blade production, while the second is restricted to 
two examples of bifacial tools rare in the Upper Paleolithic 
context.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41982-​024-​00182-2.

Acknowledgements  We thank all the (many) participants in the field 
seasons, the staff, and the interns who helped us along the way. The 
authors are grateful to the Mongol authorities and the Governor of Bul-
gan Aimag. Many thanks to Corey L. Johnson for editing the language 
and for his helpful comments.

Author Contributions  N.Z. wrote the main manuscript, C.H. and N.Z. 
prepared the figures, A.A., D.F., K.S., B.T., J.G. and N.Z. collected data 
on the lithic assemblage, B.G., B.T. and N.Z. coordinated the project, 
all authors have participated to the fieldwork, all authors have read and 
edited the manuscript.

Funding  The material from Kara-Bom was studied with the support 
of the Max Planck Society (2007–2011); the Leakey Foundation, the 
Max Planck Society, the Hellman Foundation, and the UC Davis Aca-
demic Senate supported excavations at Tolbor-16 (2011–2016), and the 
National Science Foundation (Award 1560784) supported further work 
in the Tolbor Valley (2016–2019). The Fyssen Foundation (2012 “Sur 
les traces du Paléolithique Supérieur Initial Sibéro-mongol: nouvelles 
perspectives pour l’historique des peuplements paléolithiques en Asie”) 
supported the study of the Kamenka material.

Data Availability  Data used for the burin-core thickness, the core shape 
volume analyses, the directionality of blade reduction, and 3D models 
of the four main core shape categories are provided in the Supplemen-
tary Information (SI1 to SI5). For other questions, please contact the 
corresponding author.

Code Availability  Not applicable.

Declarations 

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Anoikin, A. A., Pavlenok, G. D., Kharevich, V. M., et al. (2019). Ush-
bulak — A new stratified upper paleolithic site in northeastern 
Kazakhstan. Archaeol Ethnol Anthropol Eurasia, 47, 16–29. 
https://​doi.​org/​10.​17746/​1563-​0102.​2019.​47.4.​016-​029

Bar-Yosef, O. (2007). The archaeological framework of the Upper 
Paleolithic Revolution. Diogenes, 54(2), 3–18. https://​doi.​org/​
10.​1177/​03921​92107​076869

Bar-Yosef, O., & Kuhn, S. L. (1999). The big deal about blades: Lami-
nar technologies and human evolution. American Anthropologist, 
101(2), 322–338. https://​doi.​org/​10.​1525/​aa.​1999.​101.2.​322

Bar-Yosef, O., & Van Peer, P. (2009). The Chaine operatoire approach 
in Middle Paleolithic Archaeology. Current Anthropology, 50(1), 
103–131. https://​doi.​org/​10.​1086/​592234

Barzilai, O. (2022). The origins and destinations of the Levantine Ini-
tial Upper Paleolithic–A view from the Negev Desert, Israel. 
Acta Anthropologica Sinica, 42(5), 626–637. https://​doi.​org/​10.​
16359/j.​1000-​3193/​AAS.​2022.​0035

Baumler, M. F. (1988). Core reduction, flake production, and the 
Middle Paleolithic industry of Zobiste (Yugoslavia). In H. L. 
Dibble & A. Montet-White (Eds.), Upper Pleistocene Pre-
history of Western Eurasia (pp. 255–274). The University 
Museum, University of Pennsylvania, Philadelphia.

Belousova, N. E., & Rybin, E. P. (2016). The technology of primary 
stone splitting of the early Upper Paleolithic Industry of the 
UP1 cultural layer at the Kara-Bom site (Russian Altai). Theo-
ria y Praktika Archaeologycheskyi Isslodevanyii, 4(16), 7–22.

Belousova, N. E., Rybin, E. P., Fedorchenko, A. Y., & Kulik, N. A. 
(2019). Initial Upper Paleolithic Leaf-Shaped Biface from the 
Kara-Bom Site: Technology, function, and context. Problems 
of Archaeology, Ethnography, Anthropology of Siberia and 
Neighboring Territories, 25, 36–43. https://​doi.​org/​10.​17746/​
2658-​6193.​2019.​25.​036-​043

Bettinger, R. L., Boyd, R., & Richerson, P. J. (1996). Style, function, 
and cultural evolutionary processes. Darwinian Archaeologies, 
133–164. https://​doi.​org/​10.​1007/​978-1-​4757-​9945-3_8

Binford, L. R. (1979). Organization and formation processes: 
Looking at curated technologies. Journal of Anthropological 
Research, 35(3), 255–273.

Boaretto, E., Hernandez, M., Goder-Goldberger, M., Aldeias, V., 
Regev, L., Caracuta, V., McPherron, S. P., Hublin, J. J., Weiner, 
S., & Barzilai, O. (2021). The absolute chronology of Boker 
Tachtit (Israel) and implications for the Middle to Upper Paleo-
lithic transition in the Levant. Proceedings of the National 
Academy of Sciences, 118(25), e2014657118.

Boëda, E. (1988). Le concept Levallois et evaluation de son champ 
d’application. L’Homme de Neandertal. La Technique, 4, 
13–26.

https://doi.org/10.1007/s41982-024-00182-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17746/1563-0102.2019.47.4.016-029
https://doi.org/10.1177/0392192107076869
https://doi.org/10.1177/0392192107076869
https://doi.org/10.1525/aa.1999.101.2.322
https://doi.org/10.1086/592234
https://doi.org/10.16359/j.1000-3193/AAS.2022.0035
https://doi.org/10.16359/j.1000-3193/AAS.2022.0035
https://doi.org/10.17746/2658-6193.2019.25.036-043
https://doi.org/10.17746/2658-6193.2019.25.036-043
https://doi.org/10.1007/978-1-4757-9945-3_8


	 Journal of Paleolithic Archaeology            (2024) 7:18    18   Page 38 of 42

Boëda, E. (1990). De la surface au volume, analyse des conceptions, 
des débitages Levallois et laminaire. Paléolithique moyen et 
Paléolithique supérieur ancian en Europe. Memóires du Musée 
de Prehistoire dîle de France, 3, 63–68.

Boëda, E. (1994). Le concept Levallois: Variabilité des méthodes. 
CNRS Éditions.

Boëda, E. (1995). Levallois: A volumetric construction, methods, a 
technique. In H. L. Dibble & O. Bar-Yosef (Eds.), The definition 
and interpretation of Levallois technology (pp. 41–68). Mono-
graphs in World Archaeology, 23. Prehistory Press Madison.

Boëda, E. (2001). Détermination des unités techno-fonctionnelles de 
pièces bifaciales provenant de la couche acheuléenne C’3 base du 
site de Barbas I. In Les Industries à Outils Bifaciaux du Paléo-
lithique Moyen d’Europe Occidentale, 98, 51–77.

Boëda, E., Geneste, J. M., & Meignen, L. (1990). Identification de 
chaines opératoires lithiques du Paléolithique ancien et moyen. 
Paléo, 2(1), 43–80. https://​doi.​org/​10.​3406/​pal.​1990.​988

Bordes, F. (1961). Typologie du Paléolithique inférieur et moyen (p. 
1). Publication de l’Institut de Préhistoire.

Brantingham, P. J., Krivoshapkin, A. I., Jinzeng, L., & Tserendagva, Y. 
(2001). The initial upper paleolithic in Northeast Asia. Current 
Anthropology, 42(5), 735–746. https://​doi.​org/​10.​1086/​323817

Brantingham, P. J., Gao, X., Madsen, D. B., Bettinger, R. L., & Elston, 
R. G. (2004). The initial Upper Paleolithic at Shuidonggou, 
northwestern China. In P. J. Brantingham, S. L. Kuhn, & K. 
Kerry (Eds.), The Early Upper Paleolithic Beyond Western 
Europe ( pp. 223–241). University of California Press. https://​
doi.​org/​10.​1525/​97805​20930​094-​017

Brézillon, M. (1968). La dénomination des objets de pierre taillée. 
Matériaux pour un vocabulaire des préhistoriens de langue fran-
çaise. IVe supplément ā “Gallia Préhistoire”, Centre National de 
la Recherche Scientifique.

Conard, N. J., & Bolus, M. (2003). Radiocarbon dating the appearance 
of modern humans and timing of cultural innovations in Europe: 
New results and new challenges. Journal of Human Evolution, 
44(3), 331–371. https://​doi.​org/​10.​1016/​S0047-​2484(02)​00202-6

D’Errico, F., Zilhão, J., Julien, M., Baffier, D., & Pelegrin, J. (1998). 
Neanderthal acculturation in Western Europe? A critical review 
of the evidence and its interpretation 1. Current Anthropology, 
39(S1), 1–44. https://​doi.​org/​10.​1086/​204689

De Loecker, D., & Roebroeks, W. (2012). Beyond ‘15-minutes’: 
Revisiting the late Middle Pleistocene archaeological record of 
Maastricht-Belvédère (The Netherlands). Analecta Praehistorica 
Leidensia, 43(44), 349–367.

Debénath, A., & Dibble, H. L. (1994). Handbook of Paleolithic typol-
ogy: Lower and middle paleolithic of Europe (Vol. 1). University 
of Pennsylvania.

Demidenko, Y. E., & Usik, V. I. (1993). The problem of changes in 
Levallois technique during the technological transition from the 
Middle to Upper Palaeolithic. Paléorient, 5–15.

Derevianko, A. P. (2010). Three scenarios of the middle to upper 
paleolithic transition: Scenario 1: The Middle to Upper Paleo-
lithic Transition in Northern Asia. Archaeology, Ethnology and 
Anthropology of Eurasia, 38(3), 2–32. https://​doi.​org/​10.​1016/j.​
aeae.​2010.​10.​002

Derevianko, A. P., & Markin, S. V. (2011). Sibiryachikhinsky version 
sites o the Altai Middle Paleolithic industries. In A. P. Derevi-
anko & M. V Shunkov (Eds.), Proceedings of the International 
Symposium ’Characteristic Features of the Middle to Upper 
Paleolithic Transition in Eurasia: Development of Culture and 
Evolution of Homo Genus (pp. 40–50). Novosibirsk.

Derevianko, A. P., & Shunkov, M. V. (2002). Middle Paleolithic indus-
tries with foliate bifaces in Gorny Altai. Archaeology, Ethnology 
and Anthropology of Eurasia, 9(1), 16–42.

Derevianko, A. P., & Volkov, P. V. (2004). Evolution of lithic reduc-
tion technology in the course of the Middle to Upper Paleolithic 

transition in the Altai Mountains. Archaeology, Ethnology and 
Anthropology of Eurasia, 2(18), 21–35.

Derevianko, A. P., Agadjanian, A. K., Baryshnikov, G. F., Dergacheva, 
M. I., Dupal, T. A., Malaeva, E. M., et al. (1998). Archaeology, 
geology and paleogeography of the Pleistocene and Holocene of 
the Mountainous Altai. Izdatelstvo Instituta Arkheologii i Ethno-
grafii Sibirskogo Otdelen. Russian.

Derevianko, A. P., Petrin, V. T., Nikolaiev, S. V., & R, E. P. (1999). 
The Kara-Bom site: Mousterian to Late Palaeolithic evolution 
of the lithic industry in the Altai. Antropozoikum, 23, 167–180.

Derevianko, A. P., Petrin, V. T., & Rybin, E. P. (2000). The Kara-Bom 
site and the characteristics of the Middle-Upper Paleolithic tran-
sition in the Altai. Archaeology, Ethnology and Anthropology of 
Eurasia, 2, 33–52.

Derevianko, A. P., Markin, S. V, Shunkov, M. V, Petrin, V. T., Otte, M., 
& Sckiya, A. (2001). Paleolithic of the Altai. In P. Smolarski & 
V. Sitlivy (Eds.), Richard Liu Foundation – Institute for Chinese 
Studies, Occasional Paper 1, Bruxelles.

Derevianko, A. P., Shunkov, M. V, Agadjaniav, A. K., Baryshnikov, G. 
F., Malaeva, E. M., Ulianov, V. A., et al. (2003). Paleoenviron-
ment and paleolithic human occupation of Gorny Altai (Subsist-
ence and adaptation in the vicinity of Denisova Cave). Russian 
Academy of Sciences.

Derevianko, A. P., Zenin, A. N., Rybin, E. P., Gladyshev, S. A., Tsyb-
ankov, A. A., Olsen, J. W., et al. (2007). The technology of early 
Upper Paleolithic lithic reduction in Northern Mongolia: The 
Tolbor-4 site. Archaeology, Ethnology and Anthropology of Eur-
asia, 29(1), 16–38. https://​doi.​org/​10.​1134/​S1563​01100​70100​21

Di Modica, K., & Bonjean, D. (2006). The exploitation of quartzite 
in Layer 5 (Mousterian) of Scladina cave (Wallonia, Belgium): 
Flexibility and dynamics of concepts of debitage in the Middle 
Palaeolithic. In XV World Congress of the International Union 
for Prehistoric and Protohistoric Sciences/XV Congrès Mondial 
de l’Union Internationale des Sciences Préhistoriques et Proto-
historiques, 1998, 33–41. Archaeopress.

Dibble, H. L. (1995). Biache Saint-Vaast, Level IIA: A comparison of 
analytical approaches. In H. L. Dibble & O. Bar-Yosef (Eds.), 
The definition and interpretation of Levallois technology (pp. 
93–116). Monographs in World Archaeology, 23. Prehistory 
Press Madison.

Dogandžić, T., & Đuričić, L. (2017). Lithic production strategies in the 
Middle Paleolithic of the southern Balkans. Quaternary Interna-
tional, 450, 68–102. https://​doi.​org/​10.​1016/j.​quaint.​2017.​03.​011

Driscoll, K., & García-Rojas, M. (2014). Their lips are sealed: Identify-
ing hard stone, soft stone, and antler hammer direct percussion 
in Palaeolithic prismatic blade production. Journal of Archaeo-
logical Science, 47, 134–141. https://​doi.​org/​10.​1016/j.​jas.​2014.​
04.​008

Dunnell, R. C. (1978). Style and function: A fundamental dichotomy. 
American Antiquity, 43(2), 192–202. https://​doi.​org/​10.​2307/​279244

Dunnell, R. C. (2006). Measuring relatedness. In C. P. Lipo, M. J. 
O’Brien, M. Collard, & S. J. Shennan (Eds.), Mapping our 
ancestors: Phylogenetic methods in anthropology and prehis-
tory (pp. 109–116). https://​doi.​org/​10.​4324/​97802​03786​376-7

Eerkens, J. W., & de Voogt, A. (2022). Why are Roman-period dice 
asymmetrical? An experimental and quantitative approach. 
Archaeological and Anthropological Sciences, 14(7), 134. 
https://​doi.​org/​10.​1007/​S12520-​022-​01599-Y

Elston, R. G., & Kuhn, S. L. (Eds. ) (2002). Thinking small: Global 
perspectives on microlithization (vol. 12). American Anthropo-
logical Association.

Fewlass, H., Talamo, S., Wacker, L., Kromer, B., Tuna, T., Fagault, 
Y., et al. (2020). A 14C chronology for the Middle to Upper 
Palaeolithic transition at Bacho Kiro Cave, Bulgaria. Nature 
Ecology & Evolution, 4(6), 794–801. https://​doi.​org/​10.​1038/​
s41559-​020-​1136-3

https://doi.org/10.3406/pal.1990.988
https://doi.org/10.1086/323817
https://doi.org/10.1525/9780520930094-017
https://doi.org/10.1525/9780520930094-017
https://doi.org/10.1016/S0047-2484(02)00202-6
https://doi.org/10.1086/204689
https://doi.org/10.1016/j.aeae.2010.10.002
https://doi.org/10.1016/j.aeae.2010.10.002
https://doi.org/10.1134/S1563011007010021
https://doi.org/10.1016/j.quaint.2017.03.011
https://doi.org/10.1016/j.jas.2014.04.008
https://doi.org/10.1016/j.jas.2014.04.008
https://doi.org/10.2307/279244
https://doi.org/10.4324/9780203786376-7
https://doi.org/10.1007/S12520-022-01599-Y
https://doi.org/10.1038/s41559-020-1136-3
https://doi.org/10.1038/s41559-020-1136-3


Journal of Paleolithic Archaeology            (2024) 7:18 	 Page 39 of 42     18 

Flas, D. (2008). La transition du Paleolithique moyen au superieur 
dans la plaine septentrionale de l’Europe (p. 119). Anthropo-
logica et Praehistorica.

Flas, D. (2011). The Middle to Upper Paleolithic transition in Northern 
Europe: The Lincombian-Ranisian-Jerzmanowician and the issue 
of acculturation of the last Neanderthals. World Archaeology, 
43(4), 605–627.

Frison, G. C. (1968). A functional analysis of certain chipped stone 
tools. American Antiquity, 33(2), 149–155. https://​doi.​org/​10.​
2307/​278516

Fu, Q., Li, H., Moorjani, P., Jay, F., Slepchenko, S. M., Bondarev, A. 
A., et al. (2014). Genome sequence of a 45,000-year-old mod-
ern human from western Siberia. Nature, 514(7253), 445–449. 
https://​doi.​org/​10.​1038/​natur​e13810

Geneste, J. M. (1985). Analyse lithique d’industries moustériennes du 
Périgord: Une approche technologique du comportement des 
groupes humains au Paléolithique moyen. University of Bor-
deaux I.

Gladyshev, S., Gunchinsuren, B., Jull, A., Dogandzic, T., Zwyns, N., 
Olsen, J. W., et al. (2013). Radiocarbon dating of Paleolithic 
sites in the Ikh-Tulberiin-Gol River Valley, Northern Mongolia. 
Vestnik, 12(3), 44–48.

Goder-Goldberger, M., & Malinsky-Buller, A. (2022). The Initial 
Upper Paleolithic and its place within the Middle-to-Upper 
Paleolithic transition of Southwest Asia: What hides behind the 
curtain of taxonomies? Journal of Paleolithic Archaeology, 5(1), 
2. https://​doi.​org/​10.​1007/​s41982-​022-​00112-0

Goder-Goldberger, M., Barzilai, O., & Boaretto, E. (2023). Innovative 
technological practices and their role in the emergence of ini-
tial Upper Paleolithic technologies: A view from Boker Tachtit. 
Journal of Paleolithic Archaeology, 6(1), 11. https://​doi.​org/​10.​
1007/​s41982-​023-​00137-z

Goebel, F. T. (1994). The middle to upper Paleolithic transition in 
Siberia. University of Alaska Fairbanks.

Goebel, T. (1999). Pleistocene human colonization of Siberia and peo-
pling of the Americas: An ecological approach. Evolutionary 
Anthropology: Issues, News, and Reviews, 8(6). https://​doi.​org/​
10.​1002/​(SICI)​1520-​6505(1999)8:​6%​3C208::​AID-​EVAN2%​
3E3.0.​CO;2-M

Goebel, T. (2004). The Early Upper Paleolithic of Siberia. In P. J. 
Brantingham, S. L. Kuhn, & K. Kerry (Eds.), The Early Upper 
Paleolithic Beyond Western Europe (pp. 162–195). University 
of California Press.

Goebel, T., & Aksenov, M. (1995). Accelerator radiocarbon dating of 
the initial Upper Palaeolithic in southeast Siberia. Antiquity, 69, 
349. https://​doi.​org/​10.​1017/​S0003​598X0​00647​47

Goebel, T., Derevianko, A. P., & Petrin, V. T. (1993). Dating the mid-
dle-to-upper-paleolithic transition at Kara-Bom. Current Anthro-
pology, 34(4), 452. https://​doi.​org/​10.​1086/​204192

Greenbaum, G., Friesem, D. E., Hovers, E., Feldman, M. W., & 
Kolodny, O. (2019). Was inter-population connectivity of Nean-
derthals and modern humans the driver of the Upper Paleolithic 
transition rather than its product? Quaternary Science Reviews, 
217, 316–329. https://​doi.​org/​10.​1016/j.​quasc​irev.​2018.​12.​011

Haidle, M. N. (2014). Building a bridge-An archeologist’s perspective 
on the evolution of causal cognition. Frontiers in Psychology, 5, 
116708. https://​doi.​org/​10.​3389/​fpsyg.​2014.​01472

Hajdinjak, M., Mafessoni, F., Skov, L., Vernot, B., Hübner, A., Fu, Q., 
Essel, E., Nagel, S., Nickel, B., Richter, J., & Moldovan, O. T. 
(2021). Initial Upper Palaeolithic humans in Europe had recent 
Neanderthal ancestry. Nature, 592(7853), 253–257. https://​doi.​
org/​10.​1038/​s41586-​021-​03335-3

Higham, T., Douka, K., Wood, R., Ramsey, C. B., Brock, F., Basell, 
L., Camps, M., Arrizabalaga, A., Baena, J., Barroso-Ruíz, C., & 
Bergman, C. (2014). The timing and spatiotemporal patterning of 
Neanderthal disappearance. Nature, 512(7514), 306–309.

Hoffecker, J. F. (2009). The spread of modern humans in Europe. 
Proceedings of the National Academy of Sciences of the United 
States of America, 106(38), 16040–16045. https://​doi.​org/​10.​
1073/​pnas.​09034​46106

Hublin, J. J. (2012). The earliest modern human colonization of 
Europe. Proceedings of the National Academy of Sciences of the 
United States of America, 109(34), 13471–13472. https://​doi.​org/​
10.​1073/​pnas.​12110​82109

Hublin, J. J. (2015). The modern human colonization of western Eura-
sia: when and where? Quaternary Science Reviews, 118, 194–
210. https://​doi.​org/​10.​1016/j.​quasc​irev.​2014.​08.​011

Hublin, J. J., Sirakov, N., Aldeias, V., Bailey, S., Bard, E., Delvigne, 
V., et al. (2020). Initial Upper Palaeolithic Homo sapiens from 
Bacho Kiro Cave, Bulgaria. Nature, 581(7808), 299–302. https://​
doi.​org/​10.​1038/​s41586-​020-​2259-z

Huerta-Sánchez, E., Jin, X., Asan, Bianba, Z., Peter, B. M., Vincken-
bosch, N., et al. (2014). Altitude adaptation in Tibetans caused 
by introgression of Denisovan-like DNA. Nature, 512(7513), 
194–197. https://​doi.​org/​10.​1038/​natur​e13408

Inizan, M. L., Reduron, M., Roche, H., & Tixier, J. (1995). Préhistoire 
de la pierre taillée, Terminologie et technologie. CREP.

Jelinek, A. J. (1976). Form, function, and style in lithic analysis. In 
C. E. Cleland (Ed.), Cultural change and continuity: Essays in 
honor of James Bennett Griffin (pp. 19–33).

Jöris, O. (2006). Bifacially backed knives (Keilmesser) in the central 
European Middle Palaeolithic. In N. Goren-Inbar & G. Sharon 
(Eds.), Axe age: Acheulian tool-making from quarry to discard 
(pp. 287–310). Equinox Publishing.

Jöris, O, & Uomini, N. (2019). Evidence for Neanderthal hand prefer-
ences from the Late Middle Palaeolithic site of Buhlen, Germany. 
In Y. Nishiaki & O. Jöris (Eds.), Insights into Neanderthal learn-
ing behaviour (pp. 77–94). Springer. https://​doi.​org/​10.​1007/​
978-​981-​13-​8980-1_6

Kadowaki, S. (2017). Technology of striking platform preparation on 
lithic debitage from Wadi Aghar, southern Jordan, and its rel-
evance to the Initial Upper Palaeolithic technology in the Levant. 
al-Rāfidān, 38, 23–32.

Kadowaki, S., Tamura, T., Kida, R., Omori, T., Maher, L. A., Portillo, 
M., et al. (2021). Lithic technology and chronology of Initial 
Upper Paleolithic assemblages at Tor Fawaz, Southern Jordan. 
Journal of Paleolithic Archaeology, 5(1). https://​doi.​org/​10.​1007/​
S41982-​021-​00107-3

Kelly, R. J. (2007). The lifeways of hunter-gatherers: The foraging 
spectrum. Cambridge University Press.

Kharevich, V., Rybin, E. P., & Khatsenovich, A. M. (2021). Chipping 
techniques in the Early Upper Paleolithic: Experimental criteria 
for identifying different types of chippers (based on materials 
from the settlements of the Tolbor River Valley, Northern Mon-
golia. Sibirskie Istoricheskie Issledovaniya, 2021(4), 206–227.

Kharevich, V., Kharevich, A., Pavlenok, G., Bocharova, E., Taim-
agambetov, Z., & Anoikin, A. (2022). Ten millennia without the 
Levallois technique: Primary knapping methods in Initial Upper 
Paleolithic industries at the Ushbulak site, eastern Kazakhstan. 
Archaeological and Anthropological Sciences, 14(10), 1–17. 
https://​doi.​org/​10.​1007/​S12520-​022-​01672-6/​FIGUR​ES/​10

Kolobova, K. A., Roberts, R. G., Chabai, V. P., Jacobs, Z., Krajcarz, 
M. T., Shalagina, A. V., et al. (2020). Archaeological evidence 
for two separate dispersals of Neanderthals into southern Siberia. 
Proceedings of the National Academy of Sciences of the United 
States of America, 117(6), 2879–2885. https://​doi.​org/​10.​1073/​
PNAS.​19180​47117

Kot, M., Pavlenok, G., Krajcarz, M. T., Szymanek, M., Fedorowicz, 
S., Moska, P., Khudjanazarov, M., Szymczak, K., Leloch, M., 
Kogai, S., & Talamo, S. (2022). Is there Initial Upper Palaeo-
lithic in Western Tian Shan? Example of an Open-Air Site Katta 

https://doi.org/10.2307/278516
https://doi.org/10.2307/278516
https://doi.org/10.1038/nature13810
https://doi.org/10.1007/s41982-022-00112-0
https://doi.org/10.1007/s41982-023-00137-z
https://doi.org/10.1007/s41982-023-00137-z
https://doi.org/10.1002/(SICI)1520-6505(1999)8:6%3C208::AID-EVAN2%3E3.0.CO;2-M
https://doi.org/10.1002/(SICI)1520-6505(1999)8:6%3C208::AID-EVAN2%3E3.0.CO;2-M
https://doi.org/10.1002/(SICI)1520-6505(1999)8:6%3C208::AID-EVAN2%3E3.0.CO;2-M
https://doi.org/10.1017/S0003598X00064747
https://doi.org/10.1086/204192
https://doi.org/10.1016/j.quascirev.2018.12.011
https://doi.org/10.3389/fpsyg.2014.01472
https://doi.org/10.1038/s41586-021-03335-3
https://doi.org/10.1038/s41586-021-03335-3
https://doi.org/10.1073/pnas.0903446106
https://doi.org/10.1073/pnas.0903446106
https://doi.org/10.1073/pnas.1211082109
https://doi.org/10.1073/pnas.1211082109
https://doi.org/10.1016/j.quascirev.2014.08.011
https://doi.org/10.1038/s41586-020-2259-z
https://doi.org/10.1038/s41586-020-2259-z
https://doi.org/10.1038/nature13408
https://doi.org/10.1007/978-981-13-8980-1_6
https://doi.org/10.1007/978-981-13-8980-1_6
https://doi.org/10.1007/S41982-021-00107-3
https://doi.org/10.1007/S41982-021-00107-3
https://doi.org/10.1007/S12520-022-01672-6/FIGURES/10
https://doi.org/10.1073/PNAS.1918047117
https://doi.org/10.1073/PNAS.1918047117


	 Journal of Paleolithic Archaeology            (2024) 7:18    18   Page 40 of 42

Sai 2 (Uzbekistan). Journal of Anthropological Archaeology, 65, 
101391. https://​doi.​org/​10.​1016/j.​jaa.​2021.​101391

Kozlowski, J. K., & Otte, M. (2000). The formation of the Aurignacian 
in Europe. Journal of Anthropological Research, 56, 513–534. 
https://​doi.​org/​10.​1086/​jar.​56.4.​36309​29

Krause, J., Orlando, L., Serre, D., Viola, B., Prüfer, K., Richards, M. P., 
et al. (2007). Neanderthals in central Asia and Siberia. Nature, 
449(7164), 902–904. https://​doi.​org/​10.​1038/​natur​e06193

Kuhn, S. L. (1995). Mousterian lithic technology: An ecological per-
spective. Princeton University Press.

Kuhn, S. L. (2003). In what sense is the Levantine Initial Upper Paleo-
lithic a “transitional” industry. In The chronology of the Aurigna-
cian and of the transitional technocomplexes. Dating, stratigra-
phies, cultural implications (pp. 61–70). Instituto Português de 
Arqueologia Lisbon.

Kuhn, S. L. (2019). Initial Upper Paleolithic: A (near) global problem 
and a global opportunity. Archaeological Research in Asia, 17, 
2–8. https://​doi.​org/​10.​1016/j.​ara.​2018.​10.​002

Kuhn, S. L., & Zwyns, N. (2014). Rethinking the initial Upper Paleo-
lithic. Quaternary International, 347(1). https://​doi.​org/​10.​
1016/j.​quaint.​2014.​05.​040

Kuhn, S., & Zwyns, N. (2018). Convergence and continuity in the ini-
tial upper Paleolithic of Eurasia. In M. J. O’Brien, B. Buchanan, 
& M. Ehren (Eds.), Convergent evolution in stone-tool technol-
ogy (pp. 131–152). The MIT Press.

Kuhn, S. L., Stiner, M. C., & Güleç, E. (1999). Initial Upper Palaeo-
lithic in south-central Turkey and its regional context: A pre-
liminary report. Antiquity, 73, 505–517. https://​doi.​org/​10.​1017/​
S0003​598X0​00650​66

Kuhn, S. L., Stiner, M. C., Reese, D. S., & Güleç, E. (2001). Ornaments 
of the earliest Upper Paleolithic: New insights from the Levant. 
Proceedings of the National Academy of Sciences of the United 
States of America, 98(13), 7641–7646. https://​doi.​org/​10.​1073/​
pnas.​12159​0798

Kuhn, S. L., Stiner, M. C., Güleç, E., Ozer, I., YIlmaz, H., Baykara, I., 
et al. (2009). The early Upper Paleolithic occupations at UçagI-
zlI Cave (Hatay, Turkey). Journal of Human Evolution, 56(2), 
87–113. https://​doi.​org/​10.​1016/j.​jhevol.​2008.​07.​014

Lbova, L.V. (2000) Palaeolithic of the North-Western Part of Transbai-
kalia Izd. BNC SO RAN. Ulan-Ude, Ulan-Ude.

Le Brun-Ricalens, F., & Bordes, J. G. (2007). Les debuts de 
l’Aurignacien en Europe occidentale: unite ou diversite? Du ter-
ritoire de subsistance au territoire culturel. In H. R. Floss (Ed.), 
Les Chemins de l’Art aurignacien en Europe (pp. 37–62). Edi-
tions Musée-forum Aurignac.

Leder, D. (2016). Core reduction strategies at the initial upper palaeo-
lithic sites of Ksar Akil and Abou Halka in Lebanon. Lithics–The 
Journal of the Lithic Studies Society, 37(37), 33–53.

Li, F., Vanwezer, N., Boivin, N., Gao, X., Ott, F., Petraglia, M., & Rob-
erts, P. (2019). Heading north: Late Pleistocene environments 
and human dispersals in central and eastern Asia. PLoS One, 
14(5), e0216433. https://​doi.​org/​10.​1371/​journ​al.​pone.​02164​33

Li, F., Kuhn, S. L., Chen, F. Y., & Gao, X. (2020). Intra-assemblage 
variation in the macro-blade assemblage from the 1963 excava-
tion at Shuidonggou locality 1, northern China, in the context of 
regional variation. PLoS One, 15(6), e0234576. https://​doi.​org/​
10.​1371/​journ​al.​pone.​02345​76

Madsen, D. B., Oviatt, C. G., Zhu, Y., Brantingham, P. J., Elston, R. 
G., Chen, F., et al. (2014). The early appearance of Shuidonggou 
core-and-blade technology in North China: Implications for the 
spread of Anatomically Modern Humans in Northeast Asia? 
Quaternary International, 347(1), 21–28. https://​doi.​org/​10.​
1016/j.​quaint.​2014.​03.​051

Marks, A. E. (Ed.). (1983). Prehistory and Paleoenvironments in the 
Central Negev, Israel, (Vol. III). SMU Press.

Marks, A. E. (1990). The Middle and Upper Palaeolithic of the Near 
East and the Nile Valley: The problem of cultural transforma-
tions. In P. A. Mellars (Ed.), The emergence of modern humans: 
An archaeological perspective (pp. 56–80).

Marks, A. E., & Ferring, C. R. (1988). The Early Upper Paleolithic of 
the Levant. The Early Upper Paleolithic: evidence from Europe 
and the Near East. BAR International Series, 437, 43–72.

Marks, A. E., & Kaufman, D. (1983). Boker Tachtit: The artifacts. 
In Marks, A., E. (Ed) Prehistory and paleoenvironments in the 
Central Negev, Israel, 3, 69–126. Dallas: SMU Press.

Marks, A. E., & Volkman, P. (1983). Changing core reduction strate-
gies: A technological shift from the Middle to the Upper Paleo-
lithic in the southern Levant. In E. Trinkaus (Ed.), The Mouste-
rian legacy: Human biocultural change in the Upper Pleistocene 
(pp. 13–34).

Marks, A. E., Brugal, J. P., Chabai, V. P., Monigal, K., Goldberg, P., 
Hockett, B., Peman, E., Elorza, M., & Mallol, C. (2002). Le 
gisement pléistocène moyen de Galeria Pesada (Estrémadure, 
Portugal); premiers résultats. Paléo, 14, 77–100. https://​doi.​org/​
10.​4000/​paleo.​1408

Martisius, N. L., Spasov, R., Smith, G. M., Endarova, E., Sinet-Mathiot, 
V., Welker, F., Aldeias, V., Horta, P., Marreiros, J., Rezek, Z., 
& McPherron, S. P. (2022). Initial Upper Paleolithic bone tech-
nology and personal ornaments at Bacho Kiro Cave (Bulgaria). 
Journal of Human Evolution, 167, 103198. https://​doi.​org/​10.​
1016/j.​jhevol.​2022.​103198

McPherron, S. P., & Dibble, H. L. (2002). Using computers in archae-
ology: A practical guide. McGraw-Hill/Mayfield.

Mellars, P. (2006). Archeology and the dispersal of modern humans in 
Europe: Deconstructing the Aurignacian. Evolutionary Anthro-
pology, 15, 167–182. https://​doi.​org/​10.​1002/​evan.​20103

Moore, M. W. (2011). The design space of stone flaking: Implications 
for cognitive evolution. World Archaeology, 43(4), 702–715. 
https://​doi.​org/​10.​1080/​00438​243.​2011.​624778

Muller, A., Clarkson, C., & Shipton, C. (2017). Measuring behav-
ioural and cognitive complexity in lithic technology throughout 
human evolution. Journal of Anthropological Archaeology, 48, 
166–180. https://​doi.​org/​10.​1016/j.​jaa.​2017.​07.​006

Mylopotamitaki, D., Weiss, M., Fewlass, H., Zavala, E. I., Rougier, 
H., Sümer, A. P., Hajdinjak, M., Smith, G. M., Ruebens, K., 
Sinet-Mathiot, V., & Pederzani, S. (2024). Homo sapiens reached 
the higher latitudes of Europe by 45,000 years ago. Nature, 
626(7998), 341–346.

Nehoroshev, P. E. (1999). Technological method for the study of middle 
paleolithic primary flaking strategies. Evropesky Dom.

Nigst, P. R., Haesaerts, P., Damblon, F., Frank-Fellner, C., Mallol, 
C., Viola, B., et al. (2014). Early modern human settlement of 
Europe north of the Alps occurred 43,500 years ago in a cold 
steppe-type environment. Proceedings of the National Academy 
of Sciences of the United States of America, 111(40), 14394–
14399. https://​doi.​org/​10.​1073/​pnas.​14122​01111

Odsuren, D., Janz, L., Fox, W., & Bukhchuluun, D. (2023). Otson 
Tsokhio and Zuun Shovkh: The Initial Upper Palaeolithic in 
Eastern Mongolia. Journal of Paleolithic Archaeology, 6(1), 
1–41. https://​doi.​org/​10.​1007/​s41982-​023-​00139-x

Ohnuma, K. (1988). Ksar Akil, Lebanon: A technological study of the 
Earlier Upper Palaeolithic Levels of Ksar Akil. Volume III: Lev-
els XXV-XIV. BAR Publishing.

Oswalt, W. H. (1976). An anthropological analysis of food-getting 
technology. Wiley.

Pederzani, S., Britton, K., Aldeias, V., Bourgon, N., Fewlass, H., Lauer, 
T., et al. (2021). Subarctic climate for the earliest Homo sapiens in 
Europe. Science Advances. https://​doi.​org/​10.​1126/​sciadv.​abi46​42

Pelegrin, J. (1995). Technologie lithique: Le Chatelperronien de Roc-
de-Combe (lot) et de La Cote (Dordogne). CNRS edition.

https://doi.org/10.1016/j.jaa.2021.101391
https://doi.org/10.1086/jar.56.4.3630929
https://doi.org/10.1038/nature06193
https://doi.org/10.1016/j.ara.2018.10.002
https://doi.org/10.1016/j.quaint.2014.05.040
https://doi.org/10.1016/j.quaint.2014.05.040
https://doi.org/10.1017/S0003598X00065066
https://doi.org/10.1017/S0003598X00065066
https://doi.org/10.1073/pnas.121590798
https://doi.org/10.1073/pnas.121590798
https://doi.org/10.1016/j.jhevol.2008.07.014
https://doi.org/10.1371/journal.pone.0216433
https://doi.org/10.1371/journal.pone.0234576
https://doi.org/10.1371/journal.pone.0234576
https://doi.org/10.1016/j.quaint.2014.03.051
https://doi.org/10.1016/j.quaint.2014.03.051
https://doi.org/10.4000/paleo.1408
https://doi.org/10.4000/paleo.1408
https://doi.org/10.1016/j.jhevol.2022.103198
https://doi.org/10.1016/j.jhevol.2022.103198
https://doi.org/10.1002/evan.20103
https://doi.org/10.1080/00438243.2011.624778
https://doi.org/10.1016/j.jaa.2017.07.006
https://doi.org/10.1073/pnas.1412201111
https://doi.org/10.1007/s41982-023-00139-x
https://doi.org/10.1126/sciadv.abi4642


Journal of Paleolithic Archaeology            (2024) 7:18 	 Page 41 of 42     18 

Pelegrin, J., & Inizan, M. L. (2013). Soft hammerstone percussion use 
in bidirectional blade-tool production at Acila 36 and in bifacial 
knapping at Shagra (Qatar). Arabian Archaeology and Epigra-
phy, 24(1), 79–86. https://​doi.​org/​10.​1111/​aae.​12016

Peng, F., Wang, H., & Gao, X. (2014). Blade production of Shui-
donggou Locality1 (Northwest China): A technological perspec-
tive. Quaternary International, 347(1), 12–20. https://​doi.​org/​10.​
1016/j.​quaint.​2014.​04.​041

Perreault, C., Jeffrey Brantingham, P., Kuhn, S. L., Wurz, S., & Gao, 
X. (2013). Measuring the complexity of lithic technology. Cur-
rent Anthropology, 54(S8), S397–S406. https://​doi.​org/​10.​1086/​
673264

Pigeot, N. (1987). Magdaleniens d’Etiolles. Economie de debitage et 
organisation sociale (l’unite d’habitation U5) (Vol. XXV). Edi-
tions du CNRS.

Režek, Ž., Dibble, H. L., McPherron, S. P., Braun, D. R., & Lin, S. C. 
(2018). Two million years of flaking stone and the evolutionary 
efficiency of stone tool technology. Nature Ecology and Evolu-
tion, 2(4), 628–633. https://​doi.​org/​10.​1038/​s41559-​018-​0488-4

Rybin, E P. (2000). K voprocu “rykovodyatsik ickopaemiikh” v indus-
trialniikh komplekcakh rannei porii verknego paleolita gornogo 
altaya. In Paleogeografiya kamennogo veka. Korreltisya prirod-
niik cobotii i arkheologicheskiik kultur paleolita severnoy azii in 
sopredelniik territorii: Materialii Mejdunarodnoi konferentsiii 
(RIO KGPU., pp. 123–126). Krasnoyarsk.

Rybin, E. (2004). Middle Paleolithic “blade” industries and the Middle-
to-Upper-Paleolithic transition in South Siberia: Migration or 
regional continuity? BAR International Series, 1239, 81–90.

Rybin, E. P. (2014). Tools, beads, and migrations: Specific cultural 
traits in the Initial Upper Paleolithic of Southern Siberia and 
Central Asia. Quaternary International, 347(1), 39–52. https://​
doi.​org/​10.​1016/j.​quaint.​2014.​04.​031

Rybin, E. P. (2020). Regional variability of the early stages of Upper 
Paleolithic in South Siberia and eastern part of Central Asia. 
Habilitation dissertation, Novosibirsk.

Rybin, E. P., & Khatsenovich, A. M. (2018). Middle and Upper Paleo-
lithic Levallois technology in eastern Central Asia. Quaternary 
International, 535, 117–138. https://​doi.​org/​10.​1016/j.​quaint.​
2018.​10.​042

Rybin, E. P., Belousova, N. E., Derevianko, A. P., Douka, K., & 
Higham, T. (2023). The Initial Upper Paleolithic of the Altai: 
New radiocarbon determinations for the Kara-Bom site. Jour-
nal of Human Evolution, 185, 103453. https://​doi.​org/​10.​1016/j.​
jhevol.​2023.​103453

Sackett, J. R. (1977). The meaning of style in archaeology: A general 
model. American Antiquity, 42(3), 369–380. https://​doi.​org/​
10.​2307/​279062

Sackett, J. R. (1986). Style, function, and assemblage variability: A 
reply to binford. American Antiquity, 51(3), 628–634. https://​
doi.​org/​10.​2307/​281759

Schlanger, N., & Sinclair, A. (1990). Technology in the humanities. 
Archaeological Review from Cambridge, 9(1), 1–157.

Sellet, F. (1993). Chaine opératoire: The concept and its applications. 
Lithic Technology, 18(1–2), 106–112. https://​doi.​org/​10.​1080/​
01977​261.​1993.​11720​900

Shichi, K., Goebel, T., Izuho, M., & Kashiwaya, K. (2023). Climate 
amelioration, abrupt vegetation recovery, and the dispersal 
of Homo sapiens in Baikal Siberia. Science Advances, 9(38), 
eadi0189.

Shunkov, M. V., Anoikin, A. A., Pavlenok, G. D., Kharevich, V. 
M., Shalagina, A. V., Zotkina, L. V., & Taimagambetov, Z. 
K. (2019). New late Upper Paleolithic site in northern Central 
Asia. Anthropologie (France), 123(2), 438–451. https://​doi.​
org/​10.​1016/j.​anthro.​2019.​07.​005

Slavinskiy, V. S. (2007). Industrii Ranneverhinepaleoliticheskii 
Ourovney Ovitanya Ctoyanki Ust-Karakol 1. In Severnaya 

Evrasia v Anthropologenie. ChelovekPaleolitechnologii, Geo-
ecologia, Ethnografii i Anthropologii (pp. 197–214).

Slavinsky, V. S., Rybin, E. P., & Belousova, N. E. (2016). Variation 
in the Middle and Upper Paleolithic reduction technology at 
Kara-Bom, the Altai Mountains. Ethnology & Anthropology 
of Eurasia, 44(1), 39–50. https://​doi.​org/​10.​17746/​1563-​0110.​
2016.​44.1.​039-​050

Slavinsky, V. S., Rybin, E. P., Belousova, N. E., Fedorchenko, A. 
Y., Khatsenovich, A. M., & Anoikin, A. A. (2017). Specific 
Technique of Core platform preparation in the Initial Upper 
Paleolithic of South Siberia and Central Asia. Stratum plus, 
17(1), 221–244.

Slavinsky, V. S., Rybin, E. P., Khatsenovich, A. M., & Belousova, 
N. E. (2019). Intentional fragmentation of blades in the initial 
upper Paleolithic industries of the Kara-Bom site (Altai, Rus-
sia). Archaeological Research in Asia, 17, 50–61.

Slimak, L., Zanolli, C., Higham, T., Frouin, M., Schwenninger, J. 
L., Arnold, L. J., Demuro, M., Douka, K., Mercier, N., Gué-
rin, G., & Valladas, H. (2022). Modern human incursion into 
Neanderthal territories 54,000 years ago at Mandrin, France. 
Science Advances, 8(6), eabj9496.

Smith, G. M., Spasov, R., Martisius, N. L., Sinet-Mathiot, V., 
Aldeias, V., Rezek, Z., Ruebens, K., Pederzani, S., McPherron, 
S. P., Sirakova, S., & Sirakov, N. (2021). Subsistence behavior 
during the Initial Upper Paleolithic in Europe: Site use, dietary 
practice, and carnivore exploitation at Bacho Kiro Cave (Bul-
garia). Journal of Human Evolution, 161, 103074. https://​doi.​
org/​10.​1016/j.​jhevol.​2021.​103074

Stolarczyk, R. E., & Schmidt, P. (2018). Is early silcrete heat treat-
ment a new behavioural proxy in the Middle Stone Age? PLoS 
One, 13(10), e0204705. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02047​05

Svoboda, J. (2001). On the Middle to Upper Paleolithic transition in 
North Eurasia. Archaeology, Ethnology and Anthropology of 
Eurasia, 4(8), 30–37.

Teyssandier, N. (2003). Les débuts de l’Aurignacien en Europe. 
Discussion a partir des sites de Geissenklosterle, Willen-
dorf II, Krems-Hundssteig et Bacho Kiro. Université de Paris 
X-Nanterre.

Teyssandier, N. (2007). En route vers l'Ouest: les débuts de 
l'Aurignacien en Europe. BAR International Series 1638, 
Oxford, John and Erica Hedges Limited.

Teyssandier, N. (2024). Us and them: How to reconcile archaeo-
logical and biological data at the Middle-to-Upper Palaeolithic 
Transition in Europe? Journal of Paleolithic Archaeology, 7, 1.

Teyssandier, N., Bon, F., & Bordes, F. (2010). Within projectile 
range: Some thoughts on the appearance of the Aurignacian in 
Europe. Journal of Anthropological Research, 66(2), 209–221. 
https://​doi.​org/​10.​3998/​jar.​05210​04.​0066.​203

Tixier, J. (1963). Typologie de l’epipaleolithique du Maghreb. Alger/
Paris.

Tostevin, G. (2000). The Middle to Upper Paleolithic transition from 
the Levant to Central Europe: In situ development or diffusion. 
In J. Orschiedt & G. C. Weniger (Eds.), Neanderthals and mod-
ern humans: discussing the transition: Central and Eastern 
Europe from 50.000-30.000 BP (pp. 90–109).

Tsanova, T. (2006). Les débuts du Paléolithique supérieur dans lEst 
des Balkans. Réflexion à partir de létude taphonomique et 
techno-économique des ensembles lithiques des sites de Bacho 
Kiro (couche 11), Temnata (couches VI et 4) et Kozarnika 
(niveau VII). (Doctoral dissertation, Sciences du Vivant, Géo-
science, Sciences de l’environnement, Université Bordeaux 1).

Tsanova, T., & Bordes, J. G. (2003). Contribution au débat sur 
l’origine de l’Aurignacien: principaux résultats dune étude 
technologique de lindustrie lithique de la couche 11 de Bacho 
Kiro. The Humanized Mineral World: Towards Social and 

https://doi.org/10.1111/aae.12016
https://doi.org/10.1016/j.quaint.2014.04.041
https://doi.org/10.1016/j.quaint.2014.04.041
https://doi.org/10.1086/673264
https://doi.org/10.1086/673264
https://doi.org/10.1038/s41559-018-0488-4
https://doi.org/10.1016/j.quaint.2014.04.031
https://doi.org/10.1016/j.quaint.2014.04.031
https://doi.org/10.1016/j.quaint.2018.10.042
https://doi.org/10.1016/j.quaint.2018.10.042
https://doi.org/10.1016/j.jhevol.2023.103453
https://doi.org/10.1016/j.jhevol.2023.103453
https://doi.org/10.2307/279062
https://doi.org/10.2307/279062
https://doi.org/10.2307/281759
https://doi.org/10.2307/281759
https://doi.org/10.1080/01977261.1993.11720900
https://doi.org/10.1080/01977261.1993.11720900
https://doi.org/10.1016/j.anthro.2019.07.005
https://doi.org/10.1016/j.anthro.2019.07.005
https://doi.org/10.17746/1563-0110.2016.44.1.039-050
https://doi.org/10.17746/1563-0110.2016.44.1.039-050
https://doi.org/10.1016/j.jhevol.2021.103074
https://doi.org/10.1016/j.jhevol.2021.103074
https://doi.org/10.1371/journal.pone.0204705
https://doi.org/10.1371/journal.pone.0204705
https://doi.org/10.3998/jar.0521004.0066.203


	 Journal of Paleolithic Archaeology            (2024) 7:18    18   Page 42 of 42

Symbolic Evaluation Of Prehistoric Technologies in South 
Eastern Europe, 103, 41–50. Liege: ERAUL.

Tsanova, T., Zwyns, N., Eizenberg, L., Teyssandier, N., Le Brun-
Ricalens, F., & Otte, M. (2012). Le plus petit dénominateur 
commun: réflexion sur la variabilité des ensembles lamel-
laires du Paléolithique supérieur ancien d’Eurasie. Un bilan 
autour des exemples de Kozarnika (Est des Balkans) et Yafteh 
(Zagros). L’Anthropologie, 116(4), 469–509. https://​doi.​org/​
10.​1016/j.​anthro.​2011.​10.​005

Tuffreau, A. (1988). L’industrie lithique du niveau IIA. In L’industrie 
lithique du niveau IIA Le gisement paléolithique moyen de 
Biache-Saint-Vaast (Pas-de-Calais), 1, 171–183.

Vasiliev, S. G., & Rybin, E. P. (2009). Tolbaga: Upper Paleolithic settle-
ment patterns in the Transbaikal region. Archaeology, Ethnology 
and Anthropology of Eurasia, 37(4), 13–34. https://​doi.​org/​10.​
1016/j.​aeae.​2010.​02.​005

Volkman, P. (1983). Boker Tachtit: Core reconstructions. Prehis-
tory and Paleoenvironments in the Central Negev, Israel, 3, 
127–190. Dallas: SMU Press.

Weiss, M. (2020). The Lichtenberg Keilmesser-it’s all about the 
angle. PLoS One, 15(10), e0239718.

Zhang, X. L., Ha, B. B., Wang, S. J., Chen, Z. J., Ge, J. Y., Long, 
H., et al. (2018). The earliest human occupation of the high-
altitude Tibetan Plateau 40 thousand to 30 thousand years ago. 
Science, 362(6418), 1049–1051. https://​doi.​org/​10.​1126/​scien​
ce.​aat88​24

Zhang, X., Witt, K. E., Bañuelos, M. M., Ko, A., Yuan, K., Xu, S., 
Nielsen, R., & Huerta-Sanchez, E. (2021). The history and 
evolution of the Denisovan-EPAS1 haplotype in Tibetans. Pro-
ceedings of the National Academy of Sciences of the United 
States of America, 118(22), e2020803118. https://​doi.​org/​10.​
1073/​pnas.​20208​03118

Zhang, P., Zhang, X., Zhang, X., Gao, X., Huerta-Sanchez, E., 
& Zwyns, N. (2022). Denisovans and Homo sapiens on the 
Tibetan Plateau: Dispersals and adaptations. Trends in Ecology 

and Evolution. https://​doi.​org/​10.​1016/j.​tree.​2021.​11.​004. 
Elsevier Ltd.

Zwyns, N. (2012). Laminar technology and the onset of the Upper 
Paleolithic in the Altai, Siberia. Leiden University Press.

Zwyns, N. (2021). The Initial Upper Paleolithic in Central and East 
Asia: Blade technology, cultural transmission, and implications 
for human dispersals. Journal of Paleolithic Archaeology, 4, 19. 
https://​doi.​org/​10.​1007/​s41982-​021-​00085-6

Zwyns, N., & Lbova, L. V. (2019). The Initial Upper Paleolithic of 
Kamenka site, Zabaikal region (Siberia): A closer look at the 
blade technology. Archaeological Research in Asia, 17, 24–49. 
https://​doi.​org/​10.​1016/j.​ara.​2018.​02.​004

Zwyns, N., Rybin, E. P., Hublin, J. J., & Derevianko, A. P. (2012). 
Burin-core technology and laminar reduction sequences in the 
initial Upper Paleolithic from Kara-Bom (Gorny-Altai, Siberia). 
Quaternary International, 259, 33–47.

Zwyns, N., Gladyshev, S. A., Gunchinsuren, B., Bolorbat, T., Flas, D., 
Dogandžić, T., Tabarev, A. V., Gillam, J. C., Khatsenovich, A. 
M., McPherron, S., & Odsuren, D. (2014). The open-air site of 
Tolbor 16 (Northern Mongolia): Preliminary results and perspec-
tives. Quaternary International, 347, 53–65. https://​doi.​org/​10.​
1016/j.​quaint.​2014.​05.​043

Zwyns, N., Paine, C. H., Tsedendorj, B., Talamo, S., Fitzsimmons, K. 
E., Gantumur, A., Guunii, L., Davakhuu, O., Flas, D., Dogandžić, 
T., & Doerschner, N. (2019). The northern route for human dis-
persal in Central and Northeast Asia: New evidence from the site 
of Tolbor-16, Mongolia. Scientific Reports, 9(1), 11759. https://​
doi.​org/​10.​1038/​s41598-​019-​47972-1

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.anthro.2011.10.005
https://doi.org/10.1016/j.anthro.2011.10.005
https://doi.org/10.1016/j.aeae.2010.02.005
https://doi.org/10.1016/j.aeae.2010.02.005
https://doi.org/10.1126/science.aat8824
https://doi.org/10.1126/science.aat8824
https://doi.org/10.1073/pnas.2020803118
https://doi.org/10.1073/pnas.2020803118
https://doi.org/10.1016/j.tree.2021.11.004
https://doi.org/10.1007/s41982-021-00085-6
https://doi.org/10.1016/j.ara.2018.02.004
https://doi.org/10.1016/j.quaint.2014.05.043
https://doi.org/10.1016/j.quaint.2014.05.043
https://doi.org/10.1038/s41598-019-47972-1
https://doi.org/10.1038/s41598-019-47972-1

	The Initial Upper Paleolithic from Tolbor-16, Mongolia: Characteristics of the Lithic Assemblage and Their Evolutionary Implications
	Abstract
	Background
	Research Questions
	Material
	Site Location and Environmental Setting
	Stratigraphy and Chronology

	Methods
	Sampling Procedure
	Material Description
	Addressing Research Questions

	Material Description
	Raw Material 
	Cores and Preforms
	Blade Blanks and Retouched Blades
	Fragmentation
	Length, Width, and Thickness
	Dorsal Pattern
	Platform Type
	Flaking Technique
	Profile, Cross-Section, and Asymmetry


	Summary
	Results
	Core Shape Variation
	Bidirectional Blade Reduction
	Retouched Tools

	Discussion
	Do Core Types Correspond to Independent Reduction Sequences?
	Is Bidirectionality a Way to Optimize the Blank Production?
	Does the Occurrence of MP Tool Types Reflect an Economic Strategy?

	Conclusions
	Acknowledgements 
	References


