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Abstract

Archaeological assemblages labeled as Initial Upper Paleolithic are often seen as possible
evidence for dispersals ofHomo sapiens populations in Eurasia, ca. 45,000 years ago.While
most authors agree that the IUP can be recognized by a set of shared features, there is far less
consensus on what these features are, and what they mean. Because of methodological
challenges inherent to long distance comparisons, documenting and establishing a firm
connection between archaeological assemblages remain difficult and often draw legitimate
skepticism. There could be many reasons why Paleolithic hunter-gatherers used comparable
technologies, but it usually comes down to two kinds of processes: cultural transmission or
convergence. In other words, technological similarities may illustrate a cultural link between
regions or may be caused by mechanisms of independent reinvention between more
distantly related populations. Here, I focus on three assemblages from the Siberian Altai,
Zabaikal region, and North Mongolia to address one main question: is there such thing as a
united IUP in Central and East Asia, or are we looking at unrelated yet comparable adaptive
processes? First, I describe the common structure of lithic blade production at the sites, with
special attention to derived features relative to the regional sequence. After comparing the
complexity of the production system with those of other lithic technologies, I suggest that
this coherent, intricate, yet unprecedented technological pattern found across contiguous
regions in Asia is better explained by transmission processes than by multiple unrelated
reinventions, or local developments. The blade production system described in Siberia and
Mongolia reoccur as a package, which is consistent with indirect bias and/or conformist
cultural transmission processes. Overall, the results point toward close contact between
individuals and hunter gatherer populations, and supports the recognition of a broad cultural
unit to encapsulate Asian IUP assemblages. Considering other lines of evidence, the
geographical and chronological distribution of Asian IUP lithic technology is consistent
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with a dispersal of Homo sapiens populations in Central and East Asia during the Marine
Isotopic Stage 3, although the geographical origin of such movement is less clear.

Keywords Initial Upper Paleolithic . Asia . Cultural transmission . Lithic studies . Human
dispersals

Introduction

Recent developments in paleoanthropology have convincingly shown that a single
human migration across Southeast Asia is unlikely to account for the diversity of the
Eurasian fossil and archaeological record. Instead, distinct events should be considered,
including inland dispersals across Central and Northeast Asia (e.g. Beeton et al. 2014;
Bergström et al. 2021; Dennell 2017, 2020; Dennell et al. 2020; Goebel 1999; Goebel
2015; Li et al. 2019; Reyes-Centeno et al. 2015; Rybin 2014; Zwyns 2012). Contem-
poraneous but not yet firmly associated with Homo sapiens skeletal remains, the Initial
Upper Paleolithic (IUP) assemblages in Asia could represent evidence for such a long-
distance population migration extending eastward from the Middle East to the Yellow
River, and perhaps even beyond (Brantingham et al. 2004; Fu et al. 2014; Madsen et al.
2014; Zwyns et al. 2019). Perhaps unsurprisingly, recognizing the IUP in different
regions of Eurasia remains a challenge.

The IUP was first described in connection with the earliest evidence for the Upper
Paleolithic (UP) in the Levant (Marks and Ferring 1988). Together with the adoption of
new forms of retouched tools, the shift from bidirectional Levallois-like core reduction
to unidirectional ‘volumetric’ core reduction (e.g. Boker-Tachtit, layer 4) was consid-
ered as a milestone in the regional transition from Middle Paleolithic (MP) to the UP.
Although stressing that transitional assemblages should not be merely studied for
themselves, Marks (1990, p.71) suggests the term of Initial Upper Paleolithic (IUP)
to describe an arbitrary stage within the transition continuum: “…After all, in any
continuum the breaks are arbitrary and imposed by those studying it. Where better to
begin the Upper Palaeolithic than with a technology where virtually all core reduction
is pointed toward blade production?...”. The definition was then broadened to include a
group of Middle Eastern assemblages showing combinations of MP and UP features,
such as both the Levallois method and volumetric blade production (Kuhn et al. 1999;
Kuhn 2003). With a large geographic distribution involving different hominins living
on the same landscape, some of the changes associated with the IUP could also be
independent technological innovations by groups of individuals, or emulations between
groups. In this scenario, equifinality would simultaneously drive multiple shifts in
different regions from Levallois flake production toward blade production following
separate but comparable pathways (Kuhn and Zwyns 2014, 2018). Hence, it is some-
times difficult to differentiate between the notion of ‘transitional’ assemblages and the
IUP but the latter does not necessarily originate locally (Kuhn 2003) and could
represent archaeological evidence for one (or several) population dispersal(s) (originat-
ing from a local transition apart from where some assemblages are identified).

With a definition that has changed through time and in the context of H. sapiens
dispersal scenarios, ‘analytical lumping’ (Perreault 2019) may have brought unrelated
assemblages under a single umbrella. Therefore, what constitutes relevant similarities
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(or differences) pertaining to the recognition of the IUP needs to be clarified before
drawing evolutionary interpretations between assemblages. Here, I compare blade
production within three lithic assemblages from the Siberian Altai, the Zabaikal region
and North Mongolia. I suggest that in this case, the sudden emergence of an intricate
yet unusual lithic technology in contiguous regions in Asia illustrate a cultural connec-
tion between the assemblages. Thereby, it justifies the use of a unit of analysis to
consolidate assemblages sharing this specific suite of characters. In the absence of a
viable regional antecedent, the direct implication is that the geographical and chrono-
logical distribution of the traits observed is consistent with a long-distance eastward
migration of H. sapiens populations across Northern and Central Asia (Fig. 1).

Background

The comparison proposed here should not come as a surprise to most, as the sudden
appearance of a blade production system with shared morphological features in Central
Asia, the Altai, and in Mongolia has been known about for several decades. For example,
when referencing recently discovered early blade technology in the region Okladnikov
(1978: 332) wrote: “…These are elongated-triangular blades made mostly from heavy,
deeply patined flint with a thick white patina, similar to those which are characteristic of
the Mousterian culture of Soviet Central Asia, including the upper layers of Teshik-Tash
and Obi-Rakhmat”.Although he assigned this technology to theMP, he also notes how it
contrasts with the various pebble tool traditions from the preceding period and went on to
establish a link with ancient population structures. Furthermore, in this study, Okladnikov
daringly proposed long-distance connections with western Eurasia: “… It can therefore
be asserted that there was a common element in the development of the most ancient
population of this part of our planet, in what is now Soviet Central Asia, Mongolia, and
the Altai, which persisted through hundreds of millennia. At this juncture we must
mention that the Levalloisian materials of the interior of Asia are definitely related to
the analogous materials of Soviet Central Asian Uzbekistan (for instance, Khodjikent
grotto near Tashkent) and Tajikistan, and, via these to the Near and Middle East,
especially Iran and Palestine (the caves on Mount Carmel, and Bisitun in Iran)” (Ibid:
323). In other words, after small human groups scattered across the Asian landscape,
developing their technology independently, the sudden shift toward blade technology
illustrated to Okladnikov the dispersal of a new population from the west. In the early 80s,
he went on to find one of the most spectacular examples of early blade technology at the
site of Kara-Bom (Okladnikov 1983). Although subsequent excavations by A.P.
Derevianko and V.T. Petrin led to the reassessment of the stratigraphy (showing that
the original test pit crossed several cultural layers), it nevertheless confirmed the existence
of early blade assemblages showing generic similarities with the underlying MP
(Derevianko et al. 1998). The radiocarbon dates obtained in the early 1990s placed
Kara-Bom OH5–OH6 as one of the oldest examples of the IUP (Derevianko et al.
1993; Goebel et al. 1993). The retention ofMP-like features at the site was also interpreted
as evidence for a local transition from the MP to the UP in the region (Brantingham et al.
2001; Derevianko et al. 2000). From then on, the idea of a local origin for the IUP in
Northern Asia became more popular, at the expense of scenarios involving novel human
dispersals from the west.
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For the Gorny-Altai, Derevianko later proposed the existence of two distinct variants
of early UP technologies, the Ust-Karakol and the Kara-Bom lithic traditions
(Derevianko 2010, 2011; Derevianko and Volkov 2004). He noted similarities between
assemblages belonging to the latter in the Baikal and the Selenga Basin suggesting that
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‘Upper Paleolithic industries with similar technical and typological features developed
continuously in Southern Siberia and Northern Mongolia between 60-30 ka’ (2011 p.
352). In this sense, the IUP in Siberia and Mongolia would still fit D. Clarke’s
definition (1978) of a technocomplex in which a low level of affinity between the
smaller units (cultures, cultural groups) is explained by ‘the material manifestation of
cultural convergence within a common stable environmental strategy’ (Teyssandier
and Zilhão 2018, p. 8 their emphasis). Regardless, the apparent unity of the earliest UP
in Siberia and Mongolia was not only seen by some as the result of parallel and
convergent evolutionary trends in contiguous regions, but also as evidence for the local
origin of H. sapiens (Derevianko and Shunkov 2010; Derevianko et al. 2020).

It is increasingly clear today, however, that the IUP behavioral traits between contiguous
regions in Asia are chronologically constrained. A lack of convincing antecedents
(Slavinsky and Tsybankov 2020; Kuzmin and Keates 2020) combined with the perspective
of social intimacy between hunter-gatherer groups (e.g., Tostevin 2003a, b, 2007) further-
more leads one to envision a broader unifying cultural entity across the region (Rybin 2000;
Rybin 2014; Zwyns 2012) which possibly developed some local variations (Derevianko
et al. 2013) (Fig. 2). But moving forward on these issues has proven to be difficult for
various reasons, not the least because of inconsensitencies in technological definitions and
lithic data sets (Kuhn and Zwyns 2014). Whether these assemblages represent the quick
replacement of local populations (Goebel 1993, Goebel 1999, 2015; Zwyns 2012), multiple
transitional events (e.g., Derevianko 2001, 2010, 2011), or other scenarios is therefore a
question that remains up for debate.

Essentially, most authors agree on the idea that IUP can be recognized by a set of shared
features but there is far less consensus on what these features are, and what they mean.
Regarding the interpretative dilemma: it may be unrealistic to address the connection
between two distant regions without adopting a looser definition for the IUP, which might
in turn increase the risk of lumping together unrelated assemblages. Are all lithic traits
equally useful for addressing such issues? How might we disentangle cultural connections
between relatively distant assemblages and potentially independent, local responses to
specific needs? Archaeology is not the only science with a long history of such questions
that are far to be restricted to manufactured objects. When replacing the word ‘assemblage’
by theword ‘species’, it becomes evident that asking how combinations of traits relate to one
another echoes the questions found within phylogeny, or cladistics (Lyman et al. 1997;
O’Brien et al. 2001; Darwent and O’Brien 2006; Collard et al. 2006; Lycett 2009a, b;). This
is particularly clear in the frame of dual-inheritance theory, which emphasizes a coevolution
of biological and cultural traits (Boyd and Richerson 1985; Cavalli-Sforza and Feldman

Fig. 1 Above. Map of the IUP sites showing the cluster of Bohunician assemblages (a), the Emiran (b) and
the Ust-Ishim H. sapiens femur (c), and the Asian IUP (d). The arrows show the hypothetical dispersal of
Emiran/IUP in Europe and Asia. Below. Close-up on the distribution of the potential IUP sites between the
Altai and north China. 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
Tsokhio16–18, 75–77; after Zwyns et al. (2019); Izuho et al. (2009); Odsuren et al. (2017); Gunchinsuren
et al. (2017); Geo-atlas background map. The red stars show the sites discussed in the paper. The arrows show
the hypothetical dispersal routes for the Asian IUP through the North, and possibly through the South (sites yet
to be documented).

R
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1981; Richerson and Boyd 2005; Shennan 2001). Therefore, like other products of biology
and culture, the lithic record can be considered to have also been subject to evolutionary
forces such as selection or drift (Bettinger and Eerkens 1999; Creanza et al. 2017a; Kolodny
et al. 2015; Mesoudi 2011; Mesoudi and Aoki 2015; O’Brien et al. 2001; O’Brien and Lee
Lyman 2002).

A renewed interest on issues of taxonomy (Riede et al. 2020) and convergence
between stone tool assemblages (O’Brien et al. 2018; Groucutt 2020) calls for a
reappraisal of what we call the IUP at a global scale (Kuhn 2019). Ultimately, this

Fig. 2 Summary of the two main models for the emergence of Upper Paleolithic in the Altai. A. Cultural (in
black) and biological (in blue) continuity; B. Discontinuity between the Middle and the Upper Paleolithic
(whether the IUP and the EUP populations are the same is still unclear). While the interpretations of
archaeological data differ, both models aim at addressing questions of cultural phylogeny
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appraisal should include a multitude of assemblages covering a large geographic and
temporal span, with the use of a systematic and comprehensive method (Dunnell 1976).
As a first step in this direction, I try to address one main question: is there such thing as
a united IUP in Central and East Asia, or are we looking at unrelated yet comparable
adaptive processes? To do so, I focus on a defining feature of the IUP, blade produc-
tion, using three assemblages in Siberia and Mongolia. I look for observable patterns at
a macro-regional geographic scale and I try to estimate the complexity of the blade
reduction system to differentiate cultural transmission from convergence. Finally, I
discuss different scenarios of convergence and transmission and their relevance for
human dispersal scenarios in the past.

Material and Methods

Typo-Technological Traits and Phylogeny

I distinguished between traits that belong to a group with a direct common ancestor
(homologies) and the ones that emerged from separate evolutionary histories
(analogies) (Lyman et al. 1997 ; Mesoudi 2011; Tostevin 2012; O’Brien et al. 2018).
I consider plesiomorphic technological traits as less informative for identifying new
cultural units than innovations shared by only a few assemblages (shared derived, or
synapomorphy). For instance, the presence of a discoidal flaking method, or the use of
hard hammer, might not be a strong argument to identify a new UP group because by
then, these are chronologically and geographically widespread behaviors. Granted that
the same traits can be derived relative to older ones, such shared ancestral traits are
nonetheless common given the cumulative nature of the record. Without necessarily
assuming that the so-called ‘ratchet effect’ is restricted to H. sapiens (Tennie et al.
2017; Kadowaki 2013), it is clear that more than any other living species, ours create
technological advances using constitutive parts that individually take more than a
lifetime to reinvent (Boyd and Richerson 1996, 2013; Haidle and Schlaudt 2020;
Henrich and McElreath 2012; Tennie et al. 2009).

This is perhaps why in G. Clark’s technological modes (1970), it is less the
replacement of one technology by another that ushers a new mode (there are still flakes
produced in blade assemblages) than it is the addition of a new technological solution
to an already existing package of traits (e.g., Mode 3= Mode 1 + Mode 2 + Mode 3)
(see also Foley and Lahr 1997; Shea 2013). Similarities could also occur in unrelated
branches of an evolutionary tree especially if they are under strong and comparable
selective pressure (homoplasy) (Lyman et al. 1997; Tostevin 2012; O’Brien et al. 2018)
(Fig. 3). When dealing with functional units such as tools, the need often creates the
organ and independent reinventions, or reversed evolutions, are frequent. For instance,
Tixier (1967) identifies ‘techniques’ and ‘methods’ (…la technique est le moyen, la
methode l’esprit qui agence les moyens…, 1967, p. 807). Here we consider as
technique the tools, gestures, and movements used to knap stone, and methods as an
organized pathway, involving several steps, to achieve a production goal (Tixier 1967 ;
Pelegrin 1995). The former may be transmitted through education (Mauss, 1936), but
with respect to issues of equifinality, they have less power than methods for
reconstructing evolutionary relationships between assemblages.
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As pointed out by Dunnell (2006), neutral traits, the most informative in measuring
relatedness between assemblages, are lacking in a blade production. With different
means possibly leading to a similar outcome, I consider here that a consistent choice in
method is more likely to signal a choice driven by cultural norms (Sackett 1982, 1986).
There is no doubt that more sophisticated models could bypass such arbitrary choices
and might even consider all traits equally. Nonetheless, here I deliberately focused on

Fig. 3 Examples of evolutionary scenarios for the emergence of new cultural traits (modified after Mesoudi,
2011). Upper cases (AB) are derived features while lower cases (ab) are archaic features; black cubes are traits
shared in different lineages, and white cubes are unique to a lineage. A. Parsimonious scenario with all derived
features along a single lineage. B. scenario showing the independent emergence of similar traits in different
lineages (homoplasy). C. An exemple (among many) of simplified scenario showing the emergence of the IUP
derived features, with the package of asymmetrical core reduction (ACR) and burin-core reduction (BCR)
unique to the Asian branch. Other traits, such as pyramidal cores or intentional fragmentation of blades (IF),
may have been independently reinvented. while other derived features may reappear by convergence in later
UP assemblages
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technological and typological traits that did not occur in older assemblages, and that
show repeated methodic choices among different options which would have served the
same or similar functions.

Cultural Transmission and Convergence

Similarities between IUP assemblages inCentral and East Asia have been described either as
the result of a transmission of knowledge between individuals/groups dispersing eastward
across the region, or of independent reinvention by local populations. But cultural transmis-
sion and convergence are not mutually exclusive processes. For example, for objects that
involve combinations of traits, the idea of a product might well be the result of contact
between peoples, whereas its production in different regional contexts may involve rein-
ventions or idiosyncratic behaviors. Here, I follow a two-step approach.

First, I use the simplifying assumption that similarities between lithic assemblages
are either the result of cultural transmission or an independent reinvention. I use the
work of Byrne (2007) with chimpanzees to forward this line of thinking. Byrne posits
that the more complex a technology is (intricate complexity), the less likely it is to be
reinvented independently (e.g., guided learning, asocial learning, stimulus enhance-
ment, or general low fidelity social learning). Lucas and colleagues (2020) show that, in
an experimental context, tool types efficiency increases across generations while
teaching only provides an advantage for the more complex tools. While the simple
tools tend to converge on a common design, the more complex tools maintained a
diversity of designs. For example, a discoidal flaking method is relatively straight
forward and therefore, more likely to be reinvented than a specific blade production
system under certain conditions and by distantly related individuals. In addition, Byrne
suggests that cultural transmission is best indicated by observed behaviors shared
between contiguous regions (regional ubiquity). I add here a notion of time-depth that
might not be as essential for observing extent primates than it is for archaeology
(chronological ubiquity). As shown by Stout et al. (2010), Byrne’s approach can be
helpful to discuss variation (or the lack thereof) in lithic technology with the caveat that
quantifying behavioral complexity is a challenge on its own.

Table 1 Different modes of cultural transmission and convergence (from Eerkens et al. 2006; Mesoudi 2011;
McGhee 2018)

Cultural transmission Guided
variation

Trait transmitted from a social convention to an individual who will
experiment to optimize the state/attribute

Conformism Trait composed of a state/attribute picked up by an individual based on
its high frequency in the social pool

Indirect bias Trait composed of a state/attribute picked up as part of a package of
different traits from the social pool

Convergence Nonparallel Independent emergence of a trait that derives from a single inherited
archaic trait

Parallel Independent emergence of a trait that derives from several inherited
variants

Reverse
evolution

A derived trait that reverses back to an anterior state
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Second, I discuss specific some modes of transmission with different degrees of
individual innovations (Table 1). Broadly, transmission means that the traits observed
are influenced by contact between people in a familial context (vertical transmission,
from parents to offspring) or between more distantly related individuals that happen to
be in contact (horizontal transmission, outside of the nuclear family) (Lipo et al. 2006 ;
Mesoudi 2011). Transmission can occur when individuals adopt either the most
common variant in their social landscape (conformist transmission) or from a specialist
(prestige bias) trait by trait. The borrowers may also seek to improve the efficiency of a
trait by experimenting (guided variation); thereby involving both transmission and
individual innovations in lithic technological knowledge acquisition. Alternatively, a
hunter may deliberately borrow a whole package of traits at once (indirect bias) from a
specialist or a social norm, to increase their chances to have a successful hunt (Boyd
and Richerson 1985; Yeh et al. 2019). Indirect bias happens when only one trait (or a
few) in the package improve the success of the individual, but the whole package is
copied due to uncertainty about the identity of the trait in question by the copier at the
time. From an empirical point of view, the modes are expected to differ in terms of
traits standardization. Indirect bias leads to less emergent variability than trait by trait
transmission, especially in cases of guided variation (Bettinger and Eerkens 1999).

Convergence happens when two (or more) individuals/groups invented and maintain
the same technology independently through stochastic or adaptive processes (for more see
O’Brien et al. 2018). Well-known cases of such convergent evolution, e.g., the invention
of ceramics, or the domestication of animals and plants, show the importance of a context
(or ‘evolutionary landscape’) that will favor a specific technological leap among multiple
possibilities (Kolodny et al. 2015). Overall, one may expect more variations to emerge
over time in the process of production than among the objects themselves, but within
certain limits. Moore (2011) suggests that different reduction sequences can converge to
produce specific types of blanks within the constraints of a few physical laws (in a
‘design-space’). Reducing a method to the accumulation of short sequences (‘cells’), he
questions the recognition of ‘high-order’ planning in the empirical record of fossil human
species. This approach posits that the morphology of the blanks drives the process of
production (and thereby exhibit intentionality or the lack thereof). Overall, convergence
often implies that a substantial environmental pressure triggered similar and independent
behavioral responses. In biology, it may be a less parsimonious model to explain the
emergence of similar traits than a straightforward connection between individuals, or
groups (Mesoudi 2011; Tostevin 2007). In terms of culture, however, evolutionary
changes are frequent and the simplest tree is not necessarily the most likely (McElreath
1997 cited after Eerkens et al. 2006; Perreault 2019).

How Complex is Complex?

Regardless of the definition used (see Hoffecker 2017), there seems to be no perfect way
evaluate the degree of complexity of a technology in the archaeological record. Oswalt
(1976) measured complexity of tools by counting their constituent parts, or ‘technounits’.
For example, a spear with stone tip, a wooden shaft, and a binder to hold them together
would equal three technounits. Compared to a wooden spear (1 technounit), the former
would be considered as more complex. Although comprehensive and helpful for studying
composite tools, Oswalt’s approach does not address the manufacturing steps for the
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individual units which are considered by default as equally complex. In other words, it
places more emphasis on ‘instruments’ than on the ‘tools’ that they are made of (Mauss,
1967). For example, a knife manufactured from a piece of chert is considered as single unit,
because ‘it is manufactured in the most basic sense’ (Oswalt, 1976, p.39) even if it took less
effort and steps of production than a 1 technounit wooden spear. Hence, at the assemblage
level, all kinds of technounits are counted once (e.g., different types of points such as Clovis
and Levallois are grouped and counted equally as one unit).

To study lithic assemblages, complexity needs to also be evaluated within a technounit
by considering the production steps before being compared with other existing units.
Perreault et al. (2013) proposed a solution for lithic technology by breaking down reduction
sequences into procedural units. The total number of procedural units is considered repre-
sentative of complexity when defined as ‘the minimum amount of information that is needed
to manufacture a product’ (Oswalt, 1976, p. 398). Because it is difficult to identify
independent variables, or specific behaviors (e.g. use of soft hammer), Perreault et al. use
a conservative list of procedural units alongside an extended version of the same list.
Granted that complexity is a relative notion and procedural units alone are too general to
capture some fine scale lithic technological details (Kuhn and Zwyns 2018), they do allow
for informative comparisons between IUP assemblages and other well-known technologies
such as the Oldowan, Acheulean, Middle Stone Age, MP and UP.

Another way to approach this problem is to look at the number of levels or sublevels
within a system to describe its hierarchical complexity (Simon 1962), which in terms of
technology means to look at the suite of hierarchical steps involved in a reduction
system (Haidle 2010, 2014). Such qualitative description of a reduction sequence leads
to the construction of a cognigram that illustrates the hierarchical depth of the given
system (Lombard et al. 2019; Stolarczyk and Schmidt 2018). Every step illustrates the
technical and/or cognitive challenge (subfoci) that was met to achieve a primary goal.
The number of steps can also be quantified to fuel comparative analyses such as the one
described above. Based on a detailed set of experimental data, Muller et al. (2017)
measure and compare the complexity of lithic technologies such as bipolar, discoidal
and bifacial flaking, Levallois and blade technology. A distinction is made between the
number of phases per sequence of knapping (hierarchical depth), and the number of
subfoci per phases of core reduction (hierarchical breadth) in order to estimate the
amount of planning and decision-making involved in a sequence. The more complex
the technology, the higher the number of sequences and subfoci. Here I used Muller
et al.’s (2017) extensive experimental referential to compare with the IUP material—
essentially a specific case of bidirectional blade reduction with the use of crest.

The Sites and the Context

The degree of ubiquity described by Byrne (2007) is easier to assess from the archaeo-
logical record than complexity. Granted that the resolution of the record is low, the goal is
not to demonstrate that people who lived at the three sites studied here physically met
during their lifetimes. Instead, the data should show that a connection by way of a
common cultural lineage is likely if not wholly within the realm of possibilities. More-
over, it should show that the assemblages are comparable (Tostevin 2007). The focus of
the study is the region delimited by the Northwest Siberian Altai, the Eastern shore of the
Lake Baikal and the Northern part of Mongolia (Fig. 1). Mountain lowlands and open
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steppe provide opportunities for grazers and human groups to circulate roughly along
latitude lines, with the main geographical obstacle being high-altitude peaks and perhaps,
bodies of water. Most of the material from these sites has been extensively published
elsewhere and here I only briefly summarize the background.

Kara-Bom (N 50′430″; E 85′420″) is in the Yelo Basin, (Derevianko et al. 2000) in
between mountains ranging around 2300 m above sea level. Lying on the foothills of a
schist cliff, Kara-Bom today is located adjacent to a freshwater spring. About 700 m
from the site stands a natural amphitheater and a low pass to the neighboring valley.
The material selected here is known as OH5–OH6 and dates to ca. 45 ka, (Derevianko
et al. 1993; Goebel et al. 1993) and based on refits is described as belonging to a single
level (Belousova and Rybin 2016).

Kamenka (N 51°44′ 51.95″; E 108°17′30.91″) is in the Transbaikal region, circa 60 km
from the capital of the Republic of Buryatia, Ulan-Ude (Lbova 1991; Germonpré and
Lbova 1996; Zwyns and Lbova 2019). The region is mountainous and hilly with valleys
shaped by the Selenga River drainage system. The site lies on the colluvial slopes of the
Kamenka Mountain, circa 2 km from the current banks of the Brianka River. The
assemblage considered here is known as Kamenka A–C. Although it is in the process
of being redated (Higham and Lbova 2018), it has yielded dates close to 45 ka (and much
younger ones) (Lbova 2000; Orlova et al. 2005; Hughes et al. 2006).

Tolbor-16 (N 49° 13′ 621″; E 102° 55′ 381″) is approximately 300 km northwest of
Ulaanbaatar, in the Northern Hangai Mountains, along the western flank of the Tolbor
River valley, 13 km south of the confluence with the Selenga River (Fig. 4). It lies on the
left bank of a deep rill, at the junction between a rocky canyon coming down from the
Shar KhadMountain and the Valley open grassland where the site is located. The material
considered here derives from the lowermost archaeological horizon (AH6) in Pits 1 and 4
and is dated ca 45 ka (Zwyns et al. 2019). Details about the stratigraphy and the lithic
assemblage have been published elsewhere and are summarized in Table 2 below.

Overall, the three sites are located at comparable elevations and in a broadly similar
ecological setting. The fauna associated with the human occupation shows differences

Fig. 4 Mountain and valley landscapes from North Mongolia. View on the Tolbor-16 site from the West
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though, and there is a clear lack of zooarchaeological studies (but for Kamenka see
Germonpré and Lbova 1996; Turner et al. 2013) mostly due to poor bone preservation in
the layers considered here. Although equids occur in the three fauna inventories, caprid
are more present in the Altai, gazelle in the Baikal, and Bos sp. in Mongolia. Carnivores
seem to have a secondary access to the bone assemblages (Wrinn 2010; Turner et al.
2013; Zwyns et al. 2019). In Kamenka, the earliest stages of blade core reductions are
poorly documented, and Tolbor-16, some blades may have been exported, but overall, the
three sites yield evidence for blade production on site. A major relevant difference is the
raw material access: the Tolbor-16 site is in the direct vicinity of the primary and
secondary sources, whereas Kara-Bom is located a few kilometers away, though within
the daily foraging radius. The Kamenka rawmaterial is said to originate over 20 km away
within the same drainage system. It also lacks the oversized blades found at the two other
locations, and the cores are extremely reduced. In these conditions, the size and shape of
the nodules used at Kamenka are difficult to assess.

Blade Technology

Summarized below are the shared-derived technological features related to the production of
IUP blades in the sample studied. There are three parts to the system: first the production of
large blades (asymmetrical), then the intentional breakage of some blades, and finally the
production of smaller blades/bladelet from those broken blade blanks (burin-core). Given
the recursion and interdependence of the different parts, they can be considered as multiple
traits within a broader technical system, or package. For the sake of clarity, however, I treat
the three parts as distinct methods as detailed below.More details about the quantitative data
behind this technological model and its representative parts have been published elsewhere
(see Zwyns 2012; Zwyns and Lbova 2019; Zwyns et al. 2019).

Table 2 Basic description of the sites presented here (for more see Derevianko et al. 2000; Lbova 2000;
Zwyns et al. 2019)

Site Kara-Bom Kamenka Tolbor-16

Layer OH5–OH6 Complex A–C AH6

Elevation ca. 1100 m asl ca. 600 m asl 1169 m asl

Landscape Mountain lowlands,
steppe-taiga

Mountain lowlands, mosaic Mountain lowlands,
steppe-taiga

Main raw material Large size, effusive rock Unknown size, silicified tuff Large size, effusive rock

Distance from main
raw material source

Local within daily
foraging range, 1–2
km

Mostly beyond daily foraging
range, ca. 30 km (?)

Local - within daily for-
aging range 1–2 km

Blade reduction ACR, IF, BCR,
Bidirectional reduction

ACR, IF, BCR,
bidirectional

ACR, IF, BCR,
bidirectional

Dominant fauna Equus sp, Bos sp. Procapra guturosa, Equus
sp.

Bos sp., Caprinae sp. and
Equus sp.

Other technologies Pendants, Ochre, fire (?) Bone tools, pendants,
engraved bones, fire (?)

Ochre? fire?
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Shared-Derived Technological Features

1. Asymmetrical core reduction (ACR) is a specific yet recurring method oriented
toward the production of large/medium size blades of various contours (conver-
gent, subparallel or parallel) (Fig. 5). Although poorly documented, the initial core
reduction shows the preparation of a crest at the intersection between the narrow

Fig. 5 Cores. 1, 2 Tolbor-16; 3, 5–7 Kara-Bom; 4, 8, 9 Kamenka. 1, 3, 6–9 Asymmetrical cores in various
stages of reduction. 2, 4, 5 Truncated-facetted.
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and the broad face of a tabular nodule of raw material. With rare median crests, the
geometric set-up indicates an oblique axis of core reduction. The back of the core is
often flat, either cortical or prepared. The latter treatment indicates that the flat back
is not only a contingency of raw material shape. Just like for the flaking surface,
median crests at the back of the cores are rare and instead, a lateral crest at the back
is prepared by postero- or anterolateral flaking. This preparation is often located at
the opposite end of the core relative to the flaking surface. Hence, a flat back
clearly indicates that the reduction will take place at the intersection between two
surfaces. Such reduction pattern gives to the core an asymmetrical cross-section.
Blades are removed in this way from and between the narrow and the broad face.
The broadest flaking surface is reduced using frequent shifts between two opposed
platforms, leading to a production that includes elongated convergent blades,
sometimes slightly debordant. The active narrow face plays a role in the reshaping

Fig. 6 Simplified core reduction methods (modified after Boëda 1990; and Škrdla 2013). Middle Paleolithic
blade reduction—Levallois conception, with surface reduction and debordant removals. II. Bohunician blade
reduction—Initialization with crest. III. ACR from the Asian IUP (Boëda’s Roc-de-Combe type), 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
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of the core convexity with the frequent removal of thick, naturally backed blades
often with parallel edges (Fig. 6). The opposite narrow face remains untouched or
shows negatives of orthogonal removals further enhancing the lateral convexity. In
some variants, it is possible to distinguish a primary from a secondary platform, but
the dorsal face of associated blades within assemblages usually supports the idea of
frequent switching between platforms (as opposed to two successive and long-
lasting unidirectional reduction phases). Platform preparation of cores included
marginal faceting that isolated a plain, dihedral, or facetted platform. Pecking or
heavy abrasion modified the external platform edge and reinforced the platform to
sustain the compression force of a violent impact. This behavior is probably linked
with a technique but it is worth mentioning since it reoccurs in numerous IUP sites
in Siberia and beyond (for more, see Slavinsky et al. 2017; Zwyns 2012; Zwyns
and Lbova 2019). The platforms largely show consistency with the use of a mineral
hammer percussion technique, but the use of other material cannot be excluded.
Exhausted cores can show a different morphology although the method does not
change it too dramatically. The core is usually abandoned when the broad face
became flat. With a lack of lateral convexity, blade production on the broad face or
core management on the narrow face is no longer possible. A second possibility is
that the thickness of the core is reduced more intensively than the length with the
last products still being blades. If on the contrary the length of the core decreases
faster than the thickness, it ends as a flake core.

2. Some of the thickest blades are intentionally fragmented (IF), or snapped, using direct
percussion, passive or active anvil systems with the resulting segment subsequently
being turned into a core (see Step 3). Usually above 10 mm thick, blades that are IF are
selected from are among the most robust produced by ACR—namely the numerous
side blades, crests, and neocrests involved in core management. The process is not yet
fully understood with individual cases reported in Kamenka (Zwyns and Lbova 2019)
and Tolbor-16 and backed up by refits and experiments at Kara-Bom (Slavinsky et al.
2019). Although quantitative methods have been proposed to distinguish accidental
from intentional fragmentation (Kuhn 2019), here the blades snapped are among the
thickest leaving little doubt on the anthropogenic nature of the break. How much it
affects the assemblage is unclear, and here I only identify its presence/absence. With a
selective collection of rawmaterial (thick blades), and a processing phase using specific
techniques to achieve a specific goal (that may but does not necessarily leads to Step 3),
I consider it here as a technology on its own.

3. Burin-core reduction (BCR) refers to a way to produce small blades or bladelets
from an IF thick blade, or a laminar flake, using the technological length as a
flaking surface (Zwyns et al. 2012) (Fig. 7). Although the opposite is not true, the
BCR is directly dependent on the production of thick blades. The platforms are
adjusted on the snapped surfaces by frontal or lateral removals (truncation), and
blanks are removed along the edge of the blade. The removals are often bidirec-
tional at the end of the exploitation. Variants of BCs distinguished by the number
of platforms and flaking surfaces are likely a reflection of different reduction
stages; the simplest variant has one platform and one flaking surface and the
heavily reduced one has bidirectional removals along both edges (coffin-shaped)
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(Fig. 8). The variants can fall into different tool types and subtypes, starting with a
burin d’angle sur cassure/troncature (Tixier 1963) and evolving toward dihedral
and polyhedral forms, or toward a truncated-facetted morphology. Quantifying
such phenomenon, however, is not easy. The first problem is that variance in burin-
core sizes is related to the ACR reduction process (Fig. 9). The second problem is
that snapping events can happen several times during the BCR reduction thereby
intensifying the reduction in burin-core length. Finally, certain variant seems to

Fig. 7 Blades. 1–2 Tolbor-16; 3–12 Kara-Bom; 13–16 Kamenka. 1, 2, 9–11, 13–16 convergent blades, 3–7
Burin-core productions (secondary spalls/recoupes), 8 refitted fragments of the mesio-distal end of a long first
spall, 12, refitted blades from the intersection between broad a narrow face of a blade core (the first removal is
debordant)
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indicate ‘telescopic’ conceptions such ‘as a blade turned into a core produces a
blade that is turned into a core, which will produce blades’. Although the BCs
could potentially produce thin blades, a flaking surface ca. 10 mm thick means that
most of the blanks are naturally backed and/or irregular. In fact, BCR does not
seem optimal as a system to produce bladelets. Based on width measurements, the
blanks show a continuity of reduction that transgresses the usual arbitrary techno-
logical cutoff between blade and bladelet (<12 mm), and they usually remain
unretouched. Blank platforms are either plain or facetted, with little to no abrasion.
The use of a small size mineral hammer is consistent with the number of hinged
fractures (and the lack of overshot), without ruling out the use of bipolar technique

Fig. 8 Burin-cores. 1–6, 8, 11, 14 Kara-Bom; 7, 9, 10, Tolbor-16, 12–13; Kamenka
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in the last stages, or a recycling of BCs as tools (e.g., chisel). Exhausted cores are
various in size, but they usually show a damaged platform either with an acute
EPA or on the contrary, close to 90°. Variants include truncated facetted cores, or
burin-cores for which the flaking surface extends toward the broad face (similar to
ACR but on a blade). The latter form of cores is known in the regional Middle
Paleolithic, but here, it is produced on an Upper Paleolithic blank (Fig. 5).

Retouched Tools and Plesiomorphic Features

Derived tool forms consist of various types of retouched blades (convergent, backed
knife, with proximal thinning, etc.), endscrapers, rare burins, wedges, and perforators
(Fig. 10). In fact, these types are not equally distributed between assemblages and they
may represent one of the clearest geographical differences observed. Some spectacular
forms are restricted to a few regions, or even sometimes a single site. For example,

Fig. 9 Simplified core reduction methods for Burin Cores. Left. Start with the selection of thick technical
blanks, the IF, and then the reduction that generate typological variations (step 1: angle burin on breakage, or
truncation, angle dihedral burin; step 2: straight dihedral, polyhedral or multiple burin; step 3: multiple
dihedral or polyhedral). Right. Close up on the reduction method (multiple angle dihedral burin; bidirectional
along the longitudinal axis of the blade)
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blades/flakes with proximal thinning and pointed tip with bilateral retouch are known in
Kara-Bom, and other sites in the Altai, but also in Makarovo IV, along the Lena (Rybin
2000, 2014; Zwyns 2012). Such artifacts are rare (if present at all) in Mongolia. Kara-
Bom also include curved retouched blades, bifacial pieces, and leaf points (Belousova
et al. 2019) that are rare or unknown further east. Broad typological studies already
exists (e.g., Rybin 2014) and this aspect falls outside of the scope of the paper.

Variability attributed to the IUP may also come from problems of definition, or from
the typological approach adopted by the observer. Keeping inmind some of the core types
may be representing exhausted specimens of the technologies listed above (Dibble et al.
2017), discoidal, and Levallois-like cores do occur at IUP sites but in small numbers.
Contrary to MP and later UP assemblages, there is no evidence for a standardized
production of flakes at the scale of the assemblage in the three sites studied. Hence, just
like retouched tool types known from earlier periods, such as notches or denticulate,
plesiomorphic traits seem more likely to represent opportunistic episodes of expedient
production. Overall, issues of typology and plesiomorphic technological features repre-
sent a significant part of the variability observed within and between IUP assemblages,
while the blade technology is derived and much more conservative.

Complexity

The procedural units (PU thereafter) are too general to fully capture the qualitative
signatures of a technology, but they allow for a comparison with well-known systems

Fig. 10 Tools. 1–6; Kara-Bom; 7–12, Kamenka. 1, point with proximal direct retouch; 2, perforator/notch; 3,
4, endscraper on blade; 5, 6, curved retouched blades; 7–12 sub-parallel retouched blades (8, endscraper on
blade; 11, pointed blade; 12, burin/BC-preform or retouched blade)
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analyzed by Perrault and colleagues (Perreault et al. 2013) (S1). The values obtained
for the three sites range between 13 and 15 with a conservative count, and 20–21 for an
extended list of units. Compared with the 13 sites listed in that study, the IUP extended
scores among the highest values, with the Middle Stone Age assemblages from Klasies
River Mouth dated of ca. 115–80 ka (KRM stage, PU=19) and 62–58 ka (Howieson
Poort stage; PU=22); or the Middle Paleolithic of Qafzeh and Amud dated ca. 92 ka
(layer XXIV-III; PU=19) and 68–55 ka (B4-B1, PU=23), respectively. It is higher than
the Early Upper Paleolithic of Üçağızlı Cave (Ahmarian layers B, B1–3, C PU=15)
dated ca. 35–32 ka (Table 3). The conservative PU score of the IUP sites considered
here is higher than any of the examples listed in the previous studies. In addition,
Muller et al. (2017) compare results from replicative experiment on different technol-
ogies such as basic flaking, discoidal, Acheulean handaxe, Levallois, uni- and bidirec-
tional blade productions. Their results show that Levallois preferential and recurrent
reduction has the greatest number of sequence phases and it is therefore the most
complex. It has twice as much hierarchical depth and breadth than blade production.
Not surprisingly, the later showed more intricate complexity than bipolar, or discoidal
flaking and about the same as a biface production.

The three technological steps described for the IUP, however, show a one-way
dependent relationship. Taking it backward, to produce small blades using the BCR
method, implies that thick blades from another reduction sequence have been success-
fully snapped following yet another method (IF); hence, the 3 derived parts of the IUP
system together can be described as branching or ramified (sensu Mathias and Bour-
guignon 2020). Although ACR is necessary for the next steps, it also seems oriented
toward its own production goals apart from the further reduction of blades through IF
and BCR. Hence the number of subfoci should be equal to the sum of the three steps or
seen as branching events in a single reduction continuum. Assuming that ACR and
BCR are comparable to the bidirectional blade production described by Muller et al.
(2017), it would seem that the repetition of a complete IUP sequence required consid-
erable planning and concentration (Fig. 11).

To summarize, the blade reduction found at the three sites under scrutiny is relatively
complex compared with other common Paleolithic flaking technologies. But the methods

Table 3 Procedural units from the three sites presented compared with examples of UP, MP and MSA
assemblages (data from Perreault et al. 2013)

Site Assemblage Age Period PU
conservative

PU
nonconservative

Üçağızlı Layers B, B1–3, C 35–32 ka UP 9 15

Kara-Bom OH5–OH6 47–45 ka UP 13 20

Kamenka A–C ca. 45 ka UP 13 20

Tolbor-16 AH6 45 ka UP 15 21

Amud Layer B4–B1 68–55 ka MP 11 23

Klasies RM Howeison Poort stage 62–58 ka MSA 9 22

Qafzeh layer XXIV-III ca. 92 ka MP 10 19

Klasies RM Klasies stage 115–100 ka MSA 9 19
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used to estimate this complexity have their limitations. For example, the high PU scores
from a conservative approach may account for a bias between observers. Also, the blade
reduction system described here may not be exactly the same as the bidirectional blade
reproduced by the two experimental knappers used byMuller et al. (2017). Nevertheless, the
goal here is not to obtain definitive measure of the IUP complexity. Instead the description
and the two approaches used to evaluate complexity confirmed that the package described
above, when either broken down in procedural units or into attributes, is a demanding
system as complex and cohesive, if not more so, than other Upper Paleolithic technologies.

Discussion

The Parts, the Sum, and the Whole

The set of shared derived features ACR-IF-BCR occur during a relatively short period
in contiguous regions. It shows a pattern with settlements located in the lowlands or dry

Fig. 11 Theoretical reconstruction of the blade production. There are two distinct pathways to produce large/
medium (red) and small (blue) blades. The byproducts of the large blade production are essential and play a
central role in the system. The production/maintenance is the focus of the present analysis and seems stable
between sites. The use of the material is expected to be more variable depending on the site or the region
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steppe of Central and East Asia where robust/straight blades are part of a broader
subsistence strategy. It is possible that blades are advantageous in such an environment,
but does the environment predict the way blades are produced? Below, I list some
examples where parts of the system known from the IUP occur in other regional or
chronological contexts. When we breakdown these examples and look at their constit-
uent parts ‘trait-by-trait’ it becomes easier to find potential instances of convergence,
yet a specific causal link to environmental variables still remains to be seen.

The asymmetrical core morphology described here is usually described as
‘subprismatic’ in Siberia, and it is also well known in other regions. In fact, it was
first described as part of a reduction system by E. Boëda (1990) in a Châtelperronian
context, in South-West Europe. Tagged as the ‘debitage of Roc-de-Combe type’, it is
distinct from the Levallois concept with a production of blades at the intersection of a
broad and a narrow face, thereby increasing the number of naturally backed blades.
Adjusted by abrupt retouch, these backed blades may be typed as Châtelperronian
knives/points. Another major difference would be that Châtelperronian reduction is
mostly unidirectional, apart from the distal management of the core flaking surface
operated from an opposed striking platform. The same author describes a comparable
core geometry in the Hummalian assemblages from Syria (Boëda 1995). In other
examples known from early Solutrean contexts in France (Renard 2010), the Middle
Paleolithic of Crimea (Cabaj and Sitlivy 1994), the Lincombian-Raniszian-
Jerzmanowician in the British Isles (Flas 2008, 2011), the Maisierian in Belgium
(Touzé 2018), and the late Middle Paleolithic assemblages from East European Plain
(Hoffecker et al. 2019; Nehoroshev 2004; Nehoroshev and Vishnyatsky 2000), it is not
always clear if the asymmetrical cross section of the core represents a feature of a
broader reduction process (e.g., organized around a broad flaking surface) or a strategy
on its own.

Although not often documented, the intentional breakage of blades might suffer
from a lack of visibility in the literature. The most prominent examples of the
transformation of broken blades into cores indicates a wide chronological and geo-
graphical distribution of this general core reduction strategy, including the Middle
Stone Age of South-Africa (Soriano et al. 2007), the Epipaleolithic in the Magreb
(Tixier 1963), the Mesolithic in Europe (Brezillon 1968; Inizan et al. 1995), and the
Neolithic of the Middle-East (Braidwood 1961; Nishiaki 1996; Vardi and Gilead
2011). These examples are steps toward the production and curation of artifacts that
are so far unknown from IUP contexts (segments and geometric microliths, and sickle
blades, respectively). BCR is known in the Middle Paleolithic of Northern France and
is associated with the appearance of a blade technology during the MIS5 (Revillon
1995; Slimak 2006) (Fig. 6-I). The latter leans toward the volumetric core geometry
distinct from the ACR, hence producing the debordant blade turned into cores (Otte
1994; Revillon 1995). The BCR are also part of the complex set of technological
solutions displayed in Gravettian contexts, with various types of polyhedral burins
(Klaric 2006). Notable is that, just as for the IUP, the Gravettian examples not only
occur far from the raw material site, but close to extraction sites as well. Hence, their
presence is not merely a question of raw material availability.

This nonexhaustive list of examples is informative at several levels. First, it shows
that taken independently the elements that constitute the system described in the
Central and East Asian IUP occur in a vast array of geographical and chronological
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contexts, suggesting they have been reinvented independently at least once. What
mechanisms drive the selection of these traits and whether they are an example of
parallel convergence or not (Table 1) are issues that remain to be addressed. At first
glance, the empirical record seems irreconcilable with a one-to-one traits-environment
correlation, or with a straightforward cultural connection with the IUP. Second, none of
the examples listed show a repetition of the whole IUP system observed in Asia. Hence,
it suggests that hierarchical complexity matters. Even if blank production is considered
within a limited ‘design space’ (Moore 2011), the repetition of a systemic behavior
(such as branching core reduction methods) and the scarcity of simpler technological
alternatives to produce large or small blades, are factors that increases the power of the
comparison between these Asian IUP assemblages.

Complexity and Modes of Transmission

The technological system described is relatively complex, and although building blocks
exist elsewhere, it is geographically and chronologically constrained. The three sites
presented are in regions where UP sites are numerous and in fact, dozens of additional
examples could potentially belong to the IUP as defined here (for an exhaustive list, see
Rybin 2014). Following Byrne (2007), such intricate complexity, and regional (and
chronological) ubiquity indicates that the similarities observed in the Sibero-Mongol
IUP are more likely to reflect a common cultural background than multiple independent
(re)inventions. With the evidence presented here and the methods used, it is not
possible to invalidate such alternative hypothesis. However, it shifts the likelihood
(Perreault 2019) from convergence toward processes of cultural transmission. So, what
kind of transmission could explain the pattern observed? As pointed out by multiple
authors, any forms of transmission within a group is likely to reduce variations relative
to individual learning (Boyd and Richerson 1985; Eerkens and Lipo 2007; Mesoudi
and O’Brien 2008). This question would require in-depth consideration and I acknowl-
edge here the limitations of the brief discussion that follows. It is not granted that using
variations or attribute correlations will help in identifying a definite mode of
transmission. Realistically, one can also expect that individuals were changing modes
of transmission depending on their needs and opportunities (Eerkens and Lipo 2007;
Mesoudi and O’Brien 2008).

Considering that a system and its structural hierarchy are passed along between
individual and groups points toward a scenario of indirect bias. Individuals would
select a model in their social environment based on a few desirable traits among the
most successful individuals and borrow the whole package that comes with it (Boyd
and Richerson 1985 ; Bettinger and Eerkens 1999 ; Eerkens and Lipo 2007; Yeh et al,
2019). It is difficult to firmly identify a specific ‘goal’ to the system beyond the general
idea of producing large and small blades. Although it remains unclear which traits were
attractive, one may expect that the latter would occur in relatively high frequency. In
the regional IUP, large, massive blades are far more common than the BCR and the
small blades/bladelets. In fact, BCR do not always coexist with large blades in IUP
assemblages, and it is often represented in small frequencies. Large blades are also the
most curated objects of the system, whereas smaller blades are rarely retouched. Hence
the production of large blades following a specific procedure could be generalized by
way of frequency-based bias (such as conservatism), and sometimes lead to the
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transmission of a larger package (by indirect bias). Occasionally, by learning the
production of (sometime unnecessarily) spectacular large blades from a specialist,
individuals may also learn a ramification of the process to produce small ones follow-
ing a specific pathway. In sum, there are many reasons why blades, large or small,
should be borrowed and conformist transmission ‘trait by trait’ should not be excluded
from models of knowledge transmission. In case of the most massive examples, one
could also consider possible indicators of prestige and other runaway processes (Boyd
and Richerson 1985). The scarcity of simpler ways to produce bladelets from IUP sites
may in some cases indicate low levels of individual experimentation, or a secondary
role to the production of small blanks unnecessary in certain contexts. Meanwhile,
some individuals could have received through indirect bias a larger package that
includes BCR.

Technocomplexes, Culture Groups, and Populations

Given all the potential confounding variables inherent to long-distance comparison
(e.g., landscape, site function, settlement patterns among others), variations are expect-
ed and likely to be more pronounced as the sample size and the geographical scope of
the study grows larger. For example, more classic forms of volumetric cores or short
convergent blanks (sometimes Levallois types) occur in relatively high frequency. It
raises questions on how to characterize the geometric conception of cores, more often
described as flat-faced than asymmetrical. For example, Sitlivy et al. (1997) consider
that asymmetrical forms (then called ‘sub-volumetric’) are the end of a reduction
process during which the core was mostly flat. Blades with proximal thinning found
in the Altai are rare in the Baikal region and in Mongolia (Rybin 2000, 2014), and in
North China, blade intentional breakage and BCR are rare (Kuhn 2019; Li et al. 2020).
Another way to look at variations would be to consider that innovation, and the
transmission of cultural information is tightly linked with demography. A dynamic,
relatively small population (Henrich 2004; Kline and Boyd 2010; Kobayashi and Aoki
2012; Shennan 2001), could be consistent with the recurring character of the IUP
technology whereas a network of interconnected populations (Creanza et al. 2017b;
Greenbaum et al. 2019), or a palimpsest of occupations by different populations (Coco
et al. 2020) could account for the ‘transitional’ features. These angles could explain
some the patterns observed, but they will remain speculative until we clarify which part
of an archaeological assemblages (if any) is indicative of population size and density
(Collard et al. 2016; Dogandžić and McPherron 2013; Vaesen et al. 2016).

It is understood that blades are not such a ‘big deal’ (Bar-Yosef and Kuhn 1999) and
focusing on stone tools means that there is a high risk of underestimating how complex
the IUP technology actually is. Body ornament from Kara-Bom and in Kamenka shows
substantial variations (Lbova 2011; Rybin 2014), while bone tools suffer preservation
biases and are more common in the Baikal region (Derevianko and Rybin 2003; Lbova
2011; Lbova et al. 2010). This all suggests that while using lithics as a proxy may help
drawing the contours of vast entities, other categories of artifacts may complicate the
picture. Such a situation can be observed elsewhere, with cultural units such as the
Aurignacian, or the Gravettian (but see Reynolds and Riede 2019) first defined based
on lithic material but for which genetic data indicates correspondence with populations
in only the broadest sense (Fu et al. 2016). Based on body ornaments, the same
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assemblages show even greater variability that could reflect a complex population
structure, smaller units closer to ethno-linguistic groups (Vanhaeren and D’Errico
2006), or even the number of crafters within groups (Rigaud et al., 2018). Let it be
clear: the idea here is not to use lithics to argue for a cognitive advantage, a specific
anatomy or the recognition of an ethnographic group; but does variation between
assemblages invalidate a possible movement of population or cultural lineage?

According to the simulations produced by Eerkens and colleagues (2006), modes of
transmission do not all yield a detectable phylogenetic signal, but indirectly biased
transmission is the most likely to do so. Although it is certainly not the only way of
transmitting information in the Paleolithic, it accounts for some of the patterns observed
in the archaeological record (Mesoudi and O’Brien 2008). In the present case, it means
that using a technological package is closer to what Perreault (2019) may have called a
‘smoking gun’ and provides more ground than individual traits for analytical lumping.
The Asian IUP appears as complex as the European UP, African MSA or Levantine
MP counterparts, while the regional and chronological ubiquity satisfy the needs for
unity and discreteness of a technocomplex as defined by Clarke (1978) (emphasized by
Teyssandier and Zilhão 2018: 8). But matching the empirical record with Clarke’s
taxonomy of ‘culture’, ‘culture group’ and ‘technocomplex’, is not easy and perhaps
unnecessary. When the technological package is described as a ‘polythetic set of
specific and comprehensive artifact types (1978, p. 246), it indicates a cultural prox-
imity that is in disconnect with the wide geographic distribution of the traits described
here. Assemblages in a culture group, and the broader unit of technocomplex have less
in common than within a culture. Their degree of relatedness is described in terms of
artifact families, which does not fully account for the manufacture process of different
artifacts.

Another problem is that Clarke explains the similarities that define a technocomplex
as the result of interactions between hunter-gatherer behaviors and their environment. It
may not be incompatible with the hypothesis of indirect biased transmission, but it sets
adaptive behavior as a default condition to explain shared cultural traits, and thereby
favors the idea of convergent evolution. Although I opposed transmission to conver-
gence for the sake of clarity, there is no point downplaying the role of environment, and
thereby natural selection, in the formation and transmission of the IUP technology. As
Boyd and Richerson point out (1985, p.175), ‘…A model of cultural evolution which
involves bias forces alone cannot account for the origins of an adaptation unless an
explanation can be provided for why the bias themselves arose…’. For example, one
may consider the Central and East Asian IUP assemblages as a series of independent
traits, some of which were being selected as components for an object beneficial in an
open environment (e.g., type of composite hunting weapons). While selection must
have played a role, we do not know enough about the function of the objects and the
environment in which they were used to describe such mechanism. For the lack of
better word, the term technocomplex may be appropriate to characterize the IUP in
Central and East-Asia, but within a broader definition than the one proposed by Clarke,
closer to the generic entry from the Oxford Online Dictionary: An otherwise disparate
group of cultures considered to share certain general similarities in technology and
artifact type (Technocomplex 2020).

To summarize, the IUP in the generic sense remains an arbitrary analytical unit that
mark the beginning of the Upper Paleolithic in a continuum of changes (Marks and
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Ferring 1988) happening regionally or not (Kuhn 2003). It brings together assemblages
sharing basic features that leave open the possibility of technological convergences, but
the combination of specific derived features in lithic technology (such as the ACR-
BCR package) with other aspects of material culture may also help identifying cultural
lineages.

Implications for the Peopling Scenarios

In the context of hunter-gatherer societies, the transmission of a technological package
means face-to-face encounters, and/or a close connection between the different groups
involved. Yet, the Altai IUP sites are separated from the Transbaikal and the Tolbor
Valley by a bird fly distance of ca. 1500 km and 1200 km respectively. The two latter
regions are ca. 450 km apart, overall drawing 3000 km long triangular perimeter and
covering an area of 230 000 km2. In fact, the IUP as described here extends far beyond
the limits of the present study, from East Kazakhstan to the Yellow River Basin and it
lacks plausible antecedent in most of these regions. For these reasons alone, the
distribution of basic archaeological traits seems best explained by some form of
demic diffusion (e.g., Ammerman and Cavalli-Sforza 1984).

Between mountains and along river systems (e.g., Kondo et al. 2018; Li et al. 2019),
hunter-gatherers could reach the Southern shores of the Lake Baikal from the Altai,
passing above the Sayan Range northward from the Tuva region and through the
drainage systems of major rivers such as the Yenissei, or the Lena rivers. By following
Selenga River southward, they could have crossed the Eastern Sayan and the Yablonoi
Mountains toward the steppes of Mongolia and the Gobi Desert, reaching the Yellow
River following a string of ephemeral lakes. The most reliable age estimates for the IUP
are between 47–45 ka cal BP in the Altai (Belousova et al. 2018; Derevianko et al.
1993; Goebel et al. 1993), 45 ka cal BP in the Baikal (Goebel and Aksenov 1995;
Higham and Lbova 2018; Lbova 2011) and in Mongolia (Zwyns et al. 2019) and closer
to the 42–40 ka cal BP when moving southeast (Li et al. 2013). In Tolbor-16, it occurs
in layers for which sedimentological data identify a climatic event tentatively correlated
with the Greenland Interstadial (GI) 12 (Zwyns et al. 2019). The IUP is not exactly the
same age everywhere and it seems slightly younger in East Asia than in the Altai,
although with a chronological resolution too low to infer a directional population
movement (Fitzsimmons et al. 2017),

Certain aspects of Paleolithic material culture may have their own evolutionary
history (Hussain and Will 2020), the identification of a widespread cultural package is
not trivial when it happens to overlap in time and space with long-distance human
dispersals (Bar-Yosef and Belfer-Cohen 2013; Fu et al. 2014, 2016; Hoffecker 2017;
Hublin 2012). Recently, dental and osseaous remains associated with IUP material in
Europe confirmed that populations of H. sapiens were on the move by 45 ka cal BP
(Fewlass et al. 2020; Hublin et al. 2020). In Asia, the IUP overlaps in age with the
femur from Ust-Ishim, the earliest H. sapiens skeletal remains known in Siberia; a
coincidence that cannot be ignored (Fu et al. 2014; Viola and Zwyns 2015). The Ust-
Ishim individual has no known descendant, but extent human populations show
evidence of gene flow between Denisovans and H. sapiens that may date back to ca.
43 ka (Zhang et al., 2020). This is important because it places both taxa and the IUP in
the same landscape at the same time. Unseen in the Ust-Ishim individual genome,
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introgression could have happened eastward with movements of populations taking
place between the GI12 and the GI8 (ca. 40 ka cal BP) (Devièse et al. 2019; Fu et al.
2013, 2014, 2016, Massilani et al. 2020). More complicated are the alternative scenar-
ios in which the IUP was made by local populations, such as Denisovans, or the
multiple possibilities of acculturation/transculturation (Douka et al. 2019; Hublin et al.
1996; Le Brun-Ricalens 2019; Roussel et al. 2016). Difficult to falsify, they remain less
parsimonious and leave important questions open such as: Where is the archaeology of
modern humans?

Moving Forward

As the hypothesis of a concomitant dispersal of IUP and H. sapiens is slowly taking
shape, legitimate concerns remain on the pitfalls of using archaeology ‘to draw arrows
on maps’ (see for example Reynolds and Riede 2019a, b; Shea 2011, 2014, 2019).
Accepting that not all lithic assemblages are equally informative means that it is
difficult to find a one-size-fits-all solution to these problems. As emphasized by Shea
(2019), lithic specialists rely on myriads of different approaches to analyze the material
record. Moving forward, simplified comparable data sets would be essential to test
hypotheses at a macro-scale. This could be achieved via simple standardized attribute
lists (presence/absence of traits), and hopefully by computing attributes without a costly
distinction between derived and retained features. For the IUP, a draft of such list exists
since 2014, thanks to a group of experts on early Upper Paleolithic assemblages from
Eurasia who convened at the Max Planck Institute in Leipzig (Kuhn and Zwyns 2018)
to find a middle ground between oversimplification and irrelevant details (the list of
attributes for the three sites discussed here is in S2).

The Asian IUP is assumed to originate in the West (but see Otte 2019), and it is
tempting to revisit Okladnikov’s idea and seek possible comparisons in the Levant,
with the steppe belt as a possible corridor. For example, broad similarities exist between
the Central and East Asian IUP and the Bohunician (Hoffecker 2009; Hublin 2012,
2015; Svoboda 2004) or the Bachokirian (Fewlass et al. 2020; Hublin et al. 2020) from
Central and Eastern Europe. More detailed studies reveal, however, significant differ-
ences in the blade core reduction or the absence of BCR (Škrdla 2013) (Fig. 6-II). For
example, Demidenko et al. (2020) support the idea that the IUP in Europe would find
its origins in the Emiran of the Middle East (Tostevin 2003a, 2003b), while noting the
lack of genuine bladelet production. Moreover, different IUP variants have been
described in a relatively small area where it may have originated (Goring-Morris and
Belfer-Cohen 2020). Western Asia nevertheless appears as a cultural hub with relevant
comparisons for the Central and Eastern Asian record; from the Negev (although layers
1 and 2 at Boker Tachtit show more affinities with the material described here than the
layer 4 originally used to coin the term IUP) to Yemen (Shi'bat Dihya 1) (Delagnes
et al. 2012; Marks and Ferring 1988; Marks and Volkman 1983).

With the current lack of IUP sites between the Altai and the Levant, the connection
remains hypothetical but directional long-distance movements are plausible. Morpho-
logical, genetic and archaeological data convincingly show that Neanderthals moved
from Europe to as far as the Altai several times during the Late Pleistocene (Kolobova
et al. 2020; Mafessoni et al. 2020; Viola et al. 2012). Hence, it is reasonable to consider
a similar movement for H. sapiens during a temperate episode, perhaps with an Asian
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branch quickly isolated from Central Europe after leaving western Asia. Finally, while
the simplicity of a dispersal model may seem unrealistic, or a caricature to some, it has
the advantage to set clear archaeological expectations. With a growing body of
evidence suggesting that IUP is contemporaneous with major population movements,
to consider such a model seems like a legitimate course of action. Would it be falsified;
negative results will still be informative regarding other major evolutionary processes
which may have influenced technological change in Central and East Asia, such as
convergence.

Conclusion

I presented here specific technological features of the blade production shared by three
lithic assemblages from the Altai, the Transbaikal, and North Mongolia dated of
approximatively 45 ka cal BP. The traits are relatively consistent despite the distance
between the sites, the differential access to raw material, and other possible confound-
ing factors. Different from what precedes and what follows in the regional sequences,
the system is no less complex and repetitive in its composition and organization than
other broad cultural units of Eurasia or Africa. Some of the traits are part of a package
that occurs repeatedly in an ever growing list of coeval assemblages, within and
between these regions, and represent a plausible case for frequency-based bias and
indirectly biased transmissions. I suggest that in conjunction with other source material
(ornament, bone tools), the blade technology is helpful to recognize and trace the
distribution of a cultural unit between Siberia and North China. For the lack of a better
word, the latter can be referred to as a technocomplex. Together with fossil and genetic
evidence, this research adds to a growing body of data in support of an eastern
H. sapiens dispersal across the steppe belt during the first half of the OIS 3. Although
many questions remain regarding the origin, the nature, and the magnitude of this
population movement, lithic analyses can still bring a valuable contribution to identify
assemblages relevant to these issues.
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