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Abstract

Lithic weapon points occasionally found in Middle Palaeolithic Neanderthal sites are
large and do not differ in size, shape or type from those used in other activities such
as butchering or plant gathering. The presence in a same assemblage of various
types of projectile armatures, some of which are microlithic and designed for this pur-
pose, has only been documented in Modern Humans sites. Recent studies indicate
that light projectile points, which would become a key element in Upper Palaeolithic
lithic industries, were already present in its formative stages. However, they remain
marginal in debates regarding the Middle to Upper Paleolithic transition. We present
the initial findings of a traceological search for weapon heads in the oldest layers

of the Obi-Rakhmat rock shelter in Uzbekistan, dating back around 80 ka. The lithic
industry of this settlement is forming part of the Levantine Early Middle Paleolithic
continuity but with several innovative traits. This site, located in the western foothills
of the Tian Shan Mountains, northeastern Uzbekistan, has yielded throughout 10
meters of Pleistocene deposits covering 40,000 years a lithic industry characterized
by the systematic production of blades (regular thick narrow blades from unipolar
and bipolar sub-prismatic and narrow-faced cores, thin and wide blades from flat-
faced Levallois-like cores) along with shorter pieces from convergent or centripetal
Levallois cores, and bladelets from burin-cores and other small cores. Three types of
projectile armature are identified over a selection of 20: retouched points, bladelets
and more particularly unretouched triangular micropoints which had previously gone
unoticed due to their fragmentary state. According to the fundamental principles of
hunting weapon design these micropoints are too narrow for having been fitted to
anything other than arrow-like shafts. They resemble the armatures described in a
pioneer settlement by Sapiens in the Rhéne Valley, France, 25,000 years later.
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Introduction
Archaeological perspective

Instrumented hunting is a distinctive trait of the Homo genus. Given the impact of
meat consumption on hominization, both cognitively and behaviourally [1], the search
for archaeological evidence of past weaponry is of primary importance, with a particu-
lar attention to the oldest occurrences.

Increasing studies show that middle or small sized lithic points which are part of
the typological characterisation of the Initial or Early Upper Palaeolithic assemblages
were projectile heads [2-5], probably mechanically delivered [6—8]. They mark a
technical break with the Middle Palaeolithic; from then on, projectile armatures will
become the central structuring element of lithic industries (Bordes and Teyssandier,
2011). In spite of this, they remain marginal in the debates regarding the Middle-to
Upper Palaeolithic transition. Already suspected of being present in Obi-Rakhmat
sequence despite its age [9], light projectile points deserve attention.

We present here the first results of a search for weapon points in the oldest levels
of the Obi-Rakhmat rock shelter in Uzbekistan at around 80 ka. The lithic industry of
this settlement is forming part of the continuity of the Levantine Early Middle Paleo-
lithic but with several innovative traits [10].

Weapons in focus

Various criteria have been used to recognise prehistoric hunting weapons. The first is
analogy with objects of comparable shape known from ethnographic records or from
modern sporting or play practices. This is the case with javelins and throwing sticks
from the ancient Palaeolithic [11]. More sophisticated approaches employ various
acuteness indices, such as TCSA and TCSP [12-17], calculated for lithic points
based on ethnographic and experimental data. However, these indices only represent
theoretical potential [18,19]. As F. Bordes wrote: “It could just as easily be argued that
the sockets of bronze spearheads were used to cut rounds out of pie dough” [« On
pourrait tout aussi bien soutenir que les douilles des pointes de lance en bronze ser-
vaient a découper des ronds dans la pate a tarte » [20]]. Furthermore, these indices
fail to distinguish between simply tapered heads and those with cutting capacity [21],
which makes a significant difference in real-life hunting, nor do they take into account
the incidence on the penetration of the hafting device which depends on the morphol-
ogy of the basal part. A more reliable basis is provided by functional clues. The most
obvious evidence is when the tip of a perforating projectile is found stuck in a bone,
though such finds are rare [22—31]. It is far more prevalent to find lithic or bone points
that have sustained impact damage. However, this damage is subject to variation
depending on the projectile design, the ballistic parameters and the impacted target.
In contrast to the direct and invariable cause-and-effect relationship that character-
ises tools used for cutting, scraping, drilling, etc., where the same causes invariably
produce the same effects, the identification of a projectile point or insert constitute an
extrapolation based on the direction of the violent stress that resulted in the artefact
fracture. It is evident that axial compressive stresses can be induced by factors other
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than being at the tip of a spear or arrow, such as knapping accident [32—34] (S1 Fig: 2), certain types of shaping [35], hard
butchering, use as a chisel, accidental dropping, and so forth. In certain instances, the differentiation is simple to make at
the level of the artefact itself, in others it can prove more challenging if a series of criteria is not given full consideration.

A compelling illustration is given by obsidian points from the Ethiopian rift dated to 279 ka years ago. These points were
interpreted as javelin tips on the basis of their shape, apical removals and velocity-dependent microfracture features

[36]. This last innovative criterion is physically relevant, but the presumed cause of the energy involved was likely not. A
more extensive study on analogous assemblages, founded upon a technological analysis, posits that the recurrent apical
removals on such pointed artifacts result from a rejuvenation by the lateral tranchet blow technique [37]. More commonly
confusing are the minor damages that often occur at the extremity of pointed tools, which is their most exposed and fragile
part. The negative of a tiny burin spall can turn a Levallois triangular flake into a projectile head [38, Fig 5].

Obi-Rakhmat

The Obi-Rakhmat rock-shelter is located in the Paltau valley, at the south-western end of the Talassky Alatau range of the
Tien Shan mountains, in northeastern Uzbekistan, 100 km of Tashkent. (N41°34°08.8“ and E70°08'00.3”) (Fig 1). Carved
into the Palaeozoic limestone at an altitude of 1,250 m, it takes the form of a niche measuring 20 m in width and 9 min
length, with a southern orientation. Since the 1960s, several excavation campaigns have been conducted, initially by the
Institute of History and Archaeology of the Uzbek Academy of Sciences [41], and later in collaboration with the Institute of
Archaeology and Ethnography, Siberian Branch of the Russian Academy of Sciences [42,43].

The exposed stratigraphy (Fig 2) consists of 21 sedimentary levels spanning a depth of 10m [44], all of which contain
archaeological material. The lithic industry, made from local silicified limestone, is homogeneous and characterized by the
production of large blades from unipolar or bipolar and narrow-faced cores and bladelets from core-burins and bladelet
cores of various morphology. These reduction strategies coexist alongside Levallois concept which is manifested by the
presence of convergent or centripetal Levallois cores and flat-faced cores (Levallois-like). The typological tools include
blades—often pointed and/or retouched— splintered pieces, burins, end- and side scrapers, denticulated, borers and
retouched flakes. Notably, Levallois (mostly elongated) and Mousterian points are also present, the morphology of which
is various and corresponds to the typology of retouched points in the Levantine Early Middle Palaeolithic [45,46]. This

Fig 1. Location of Obi-Rakhmat - N41°34'08.8" and E70°08'00.3", 1,250m asl — (basemaps courtesy of the U.S. Geological Survey/htips://usgs.
gov) and view from the site.

https://doi.org/10.1371/journal.pone.0328390.9001
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Fig 2. Stratigraphy of Obi-Rakhmat rock shelter and map of the excavation.
https://doi.org/10.1371/journal.pone.0328390.g002

composition has led to comparisons between the Obi-Rakhmat lithic assemblage and the Late Middle Palaeolithic, Initial
and Early Upper Palaeolithic blade industries [43,47] from Near East [48—51] and the Siberian Altai [52-55]. Current
research considers the Obi-Rahmat industry exclusively within the Middle Palaeolithic framework [10]. Attempts to date
the site have yielded heterogeneous results, as is often the case when applying different methods (“C AMS, U-series,
ESR). However, they fix a chronological range from 90 ka for the deepest strata to 40 ka for the uppermost levels [56-58].

The faunal spectrum at Obi-Rakhmat is limited and shows little variation throughout the stratigraphy (Fig 2B). It is
dominated by the Siberian ibex (Capra sibirica) and red deer (Cervus elaphus), with smaller contributions from wild boar
(Sus scrofra), roe deer (Capreolus capreolus), golden jackal (Canis aureus), fox (Vulpes vulpes), marmot (Marmota sp.)
and hare (Lepus sp.). This assemblage reflects a combination of steppe and forest environments [59,60], consistent with
palynological data [61]. Remains of large carnivores, including cave lions, hyenas and bears, are rare. In 2003, human
remains were discovered at the site: 6 left maxillary teeth and 121 skull fragments from a single juvenile individual (9-12
years old). While the dental morphology aligns more closely with Neanderthal populations, the mosaic of cranial morpho-
logical features prevents a definitive attribution, leaving open a classification as an archaic Homo sapiens [47,62—64].
Finally, elements of bone industry have been identified among the faunal remains [65,66].
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Materials and methods

The analysed sample comes from the collection of the 2001-2002 and 2007—2011 excavation campaigns led by A.l. Kri-
voshapkin, covering 20 m?2, which is currently under study. It comprises typological pieces and small triangular flakes that
have been recovered from the bags of lithic debris from layers 20-21 stored at the National Center of Archeology in Tash-
kent, Uzbekistan. The initial sorting, which sought to identify impact damage, was done with the naked eye. Thereafter
the selected specimens were examined with a stereoscopic microscope (Wild M1B/ x7, x14 magnification). Subsequently
those exhibiting minimal erosion were analysed with a reflective optical microscope (Olympus BHM, bright field with DIC/
x50, x100, x200, x500 total magnification) to discern microscopic linear impact traces — MLIT [67].Single shots photomac-
rographs of the impact traces were captured in raw format using a Canon EOS 60D camera equipped with a Canon EF-S
60 mm /2,8 Macro USM lens and photomicrographs using a Nikon D750 on the phototube of the microscope. Multi-focus
shots were processed with Helicon Focus®©..3D scanning was performed using a Solutionix D700 structured-light scan-
ner, which makes it possible to create high-resolution non-textured 3D models of micropoints. A standard protocol for
structured-light scanning of artifacts was followed [68]. Visualisation was carried out using Artifact-3D software [69]. The
3D PDFs of the supplementary data were produced in Acrobat Pro 9 from the STL files converted in MeshLab 2021.10. To
allow each specialist to make their own judgement, the 3D model and photographs of each piece are provided in supple-
mentary information.

As most of the artefacts are unsuitable for microscopic analysis due to the raw material and surface alteration, the
determinations are essentially based on the morphology of the fractures, which depends on the ratio of compressive and
flexural stresses that caused the material to break by buckling or percussion (Fig 3) , and lateral damage, as described in
40 years of publications [e.g., 2, 3,39,70-74].

Our personal experience is based on a corpus of over 500 flint points and barbs of various shapes used as arrow, dart
and thrusted spear heads (Fig 3) on medium and large-sized mammals [75-82]. Notwithstanding their ease of use, gelatin
targets, even when loaded with bone, cannot be recommended due to their inability to adequately reflect the stresses to
which lithic points penetrating an animal’s body were exposed and which determined their design (S1 Note) [21,83,84].
Additional experiments (S21 Fig, S2 Table) were conducted with the local silicified limestone to test the debitage scheme

Snap termination

Not relevant

Feather termination

Equivocal

Step termination

Unequivocal

Hinge termination

Unequivocal

Complex termination

Lk AL

Unequivocal

Experimental d;

Fig 3. Terminations of bending fractures. Left: experimental Solutrean leaf point used as dart head, broken at impact, with long step-terminating
bending fracture (TFPS Collective Research Program). Right: profile of the different types of termination according to the resultant of compressive and
bending forces [39,40] and their degree of relevance for the recognition of projectile points.

https://doi.org/10.1371/journal.pone.0328390.9003
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hypothesised on the basis of the shape of the micropoints and potential cores seen within the lithic assemblage. This step
enabled the observation of the knapping accidents that could mimic impact damage. Twelve of the micropoints thus pro-
duced were fixed to 8 mm-diameter commercial wooden arrow shafts using a mixture 80/20% of bitumen (natural outcrops
exist in the region) and pulverized charcoal, without binding (as this would be a technical absurdity on continuous cutting
edges) for being shot with a modern laminated bow (36 Ibs) on a complete uneviscerated carcass of a small ungulate
hung in anatomical position in order to start documenting impact breakage and microscopic linear impact traces for the
shape and raw material under study. Experiments demonstrated that silicified limestone exhibits comparable macroscopic
fracture properties to flint, while MLIT are only observable on the most highly crystallized variants.

The Obi-Rakhmat set has been interpreted after the fundamental principles of projectile head design, as outlined in S1°
Note, and compared with earlier and contemporary collections of projectile points, as well as with more recent assem-
blages featuring certain morphological similarities.

In order to reconstruct the production technologies of point and micro-point production, we performed an attributive
analysis on cores, truncated-faceted pieces, and both points and micropoints. Within the Obi-Rakhmat débitage assem-
blage, points (>3 cm) and micro-points (<3 cm) were distinguished. Layers 20—-21 yielded a total of 194 point specimens.
For micro-point analysis, 193 specimens were selected from the small flake category (1-3 cm). The study examined all
cores from layers 20-21 (n=96), a sample of points and micro-points exhibiting impact traces (n=20), as well as those
without impact traces (n=326). Additionally, 36 truncated-faceted pieces from layers 20-21 were analyzed.

The following attributes were recorded for the cores: core type, morphology and measurements of the last negatives,
number of negatives, angle between the striking platform and the flaking surface, striking platform type, and presence
of overhang trimming. For the points and micropoints, the examined attributes included: type, morphology, scar pattern,
overhang trimming, lip type, bulb type, striking platform type, striking platform width and thickness, and the angle between
the striking platform and the ventral surface.

The reduction sequences of cores and truncated-faceted pieces were reconstructed through scar-pattern analysis
[85,86]. Comparative analysis of selected metric parameters was conducted using a statistical approach, including the
Mann—-Whitney U test for pairwise comparisons.

Inclusivity in global research: Additional information regarding the ethical, cultural, and scientific considerations
specific to inclusivity in global research is included in the Supporting Information (S1 Inclusivity). The archaeologi-
cal materials analyzed in this study are curated by the National Center of Archaeology of Uzbekistan. This research
was conducted under the Center’s institutional protocols for scholarly access to collections, in collaboration with their
research staff and as part of our ongoing academic partnership with the Institute of Archeology and Ethnography SB
RAS (Novosibirsk, Russia). As this study exclusively employed non-destructive analytical methods and complied fully
with the Center’s established guidelines for collection use, no additional permits were required under current Uzbek
cultural heritage legislation

Results
Impacted armatures

On the basis of the macroscopic criteria commonly used in publications and of our own experimental corpus, we have
selected 20 pieces (Fig 4) that can be regarded as projectile armatures from the ongoing lithic inventory of the deepest
levels (20—21) of Obi-Rakhmat.

Morphological recurrences and a diversity of distinctive traces are already apparent in this small preliminary sample.
According to an agent-based modelling, it could even be considered high [87]. Projectile points and inserts are unusual
artefacts in that they are not produced, used and discarded in the same place, and their rejection in the habitat differs
depending on whether they are basal fragments brought back attached to the shafts or apical fragments returned in the
carcasses [88]. Their density therefore depends on the type of site and the area excavated. In any case, the collection is
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Fig 4. Obi-Rakhmat: Impacted points and bladelets. The unbroken Levallois point in the white frame (00 — OP X7) illustrates what the ideal
type of micropoint was likely to be.

sufficient to distinguish 3 classes of projectile armature: more or less massive points (between 25 and 35 grams for almost
complete specimens), micropoints (between 1 and 4,5 grams but broken) and bladelets (Fig 5).

The large points (Fig 6) are represented by 2 almost complete retouched points (Fig 6: 28, S1 Fig, S1 File, S2 Fig, S2
File) (38 mm and 41 mm wide) and an apical half (Fig 6: 22, S3 Fig, S3 File), all 3 crushed at the tip by an axial impact.
An apical fragment of retouched point from layer 19 is similar, having been badly chipped by a tangential impact to its right
edge along the same axis (Fig 6: 104, S4 Fig, S4 File). The proximal thinning on both sides of the complete specimens
suggests a hafting layout. A thicker but more elongated point (Fig 6: 24, S5 File, S5 File) (30 mm wide) has an apical frac-
ture with a wavy feather termination on the lower side from the same type of compressive stress.
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Fig 5. Three types of lithic weapon armature identified in layers 20 and 21 of Obi-Rakhmat: 1 — Large retouched point, 2 — micropoint (Leval-
lois) and 3 — bladelet.

https://doi.org/10.137 1/journal.pone.0328390.9005

One large proximal fragment (Fig 6: 20, S6 Fig, S6 File) which may be from the same type of point as the previous one,
also has a fracture attributable to its use as spear tip, but it is lateral, which can only occur under the leverage of a long
shaft.

Two apical fragments from more slender retouched points complete the set. One has a bending fracture with an atyp-
ical feather termination but here slightly twisted (S7 Fig, S7 File), while the other has a long spin-off fracture (S8 Fig, S8
File).

Y

26-0P 1006 21.1622

24-0PC1211196 w

22-0P1121.1

104-0P01194

20-0P1021.10-6 w

Fig 6. Large retouched points crushed or broken at impact.

https://doi.org/10.1371/journal.pone.0328390.9006

PLOS One | https://doi.org/10.1371/journal.pone.0328390 August 11, 2025 8/33



https://doi.org/10.1371/journal.pone.0328390.g006
https://doi.org/10.1371/journal.pone.0328390.g005

PLOS . One

18 v

XJ.

B 0

00-0P Cn 21 X7 ‘Q 5-0P01-08C1 211 4-0P-0120 ‘ 6-0P 2001-2008 CN121.1 &

‘ |
R W)

8

5 10

8-0P11MN721

7-0PCN21.11 16 - OP 2001-2008 C/121.1

0 5 10 15 20

11-0P 2001-2008 CN1 21.1

9-0P01C120.3

5mm
-

18
1®

Fig 7. Micropoints broken or crushed at impact.

https://doi.org/10.137 1/journal.pone.0328390.9007
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Fig 8. Micropoint n° 7 (5— OP 01-08 CJ1 21.1) with macroscopic and microscopic impact traces. Centimetric scale.

https://doi.org/10.1371/journal.pone.0328390.9008
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The second category consist of 9 unretouched micropoints and 1 retouched micropoint (Fig 7, S9-16 Figs, S9-16
Files), produced in a variety of ways, from simple triangular flakes to typical Levallois points. Two specimens have both
fracture from longitudinal stress and MLIT (Figs 8,9). The average width is 18.2 mm (minimum 15,0 — maximum 23,7 mm).
The average weight of the fractured specimens is 1.4 grams (minimum 0.7 g — maximum 2.5 g) (S3 Table). An unbro-
ken Levallois micropoint (Fig 7: 00, S17 Fig, S17 File) measures 21.8 mm long x 17.3 mm wide and weights 1.1 grams;
its edge damage is atypical (trampling or crushing). There is no basal shaping despite prominent bulbs. The location on
the lower side of the fracture hinge for 6 specimens, half of which have elongated endings, whereas a flat surface is not
conducive to their extension, suggests a mounting on the shafts that does not compensate for the prominence of the bulb,
i.e., @a mounting that is not perfectly in line with the axis (which is not optimal for the wake drag coefficient). The shafts
were probably made of wood only, as no potential intermediate nor apical bone elements were found [65].

The 3rd category (Fig 10) is the least represented here because it was not included in our sorting criteria, which
focused on axial armatures. Four incidental findings came from this sorting. These are raw bladelets. Without retouch or
MLIT it is not possible to distinguish between those accidentally broken during knapping [32,34] and those broken by an
axial use. They were therefore excluded from the current inventory. Two other bladelets were selected on the basis of
the following criteria: one (Fig 10: 19, S18 Fig, S18 File), whose breakage by bending is equivocal, has a very discreet
retouch along one edge caused by pressure that appears to be postdating the fracture; the second sample (Fig 10: 15,
S19 Fig, S19 File), probably burnt from dehafting, has been crushed by a tangential contact with a hard material, which

Fig 9. Micropoint n° 8 (6 — OP 2001-2008 CJ1 21.1) with macroscopic and microscopic impact traces. Centimetric scale.

https://doi.org/10.1371/journal.pone.0328390.9009
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Fig 10. Bladelets crushed of broken at impact.

https://doi.org/10.1371/journal.pone.0328390.9010
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is typical of a projectile lateral insert. A more discreet crushing is also observed on a genuine backed bladelet (Fig 10: 31,
S20 Fig, S20 File).

The set, although small, indicate the use of bladelets in the design of hunting weapons at Obi-Rakhmat, 80 ka ago.
We could imagine that they complemented the micropoints, to extend the length of the cutting edge, thus forming part
of a more robust projectile head compatible with dart foreshafts, but nothing in the design of the micropoints would
ensure a continuity to prevent the bladelets from being pulled out at the penetration. Recent archaeological examples
show the extreme attention paid to the continuity of lithic inserts [89]. A larger sample and therefore specific research
would be required to understand the function(s) of the bladelets, which are a notable element of the lithic production at
Obi-Rakhmat.

Technological characterization of production

Point production. The primary reduction system in Obi-Rakhmat layers 20—21 exhibits significant diversity. This
phenomenon is evident in the morphology of the cores themselves, as well as in the typology of the technical flakes and
blanks. The industry places significant emphasis on the Levallois techniques, including Levallois for points and centripetal
Levallois, as well as blade production through the exploitation of flat faced, sub-prismatic, and narrow-faced cores. In
addition, bladelets were also produced using various core types.

The diagnostic blanks include blades, bladelets, and flakes in nearly equal proportions. Depending on the layer, points
constitute up to 10% of all flakes (S1 Table). Notably, according to the tool assemblage, pointed blank morphology was of
particular importance (Fig 11). A significant proportion of the tools in layers 20—21 consist of various types of retouched
pointed implements (S1 Table).

Given the broad diversity of reduction sequences employed in the assemblage and the high proportion of retouched
points among the tools, we propose that blanks for pointed tools were not limited to predetermined Levallois points but
also included suitable technical flakes with pointed morphology. This observation is applicable to both pointed tools in
general and the sample of impact-fractured points.

In the assemblage of layers 20-21, Levallois point cores (Fig 12A) constitute 5-30% of the total (S1 Table).
Scar-pattern analysis indicates that pointed blanks were produced both as predetermined products and technical spalls
from blade cores. The collection includes flat-faced unidirectional (Fig 12: 2) and bidirectional (Fig 12: 3) cores, as well as
a considerable proportion of narrow-faced cores (Fig 12: 4-5), which frequently exhibit pointed negatives. Another techno-
logical method (Fig 12D), which is extensively represented in the collection, is associated with subprismatic unidirectional
(Fig 12: 6) and bidirectional (Fig 12: 7) cores. Among the subprismatic cores, there are asymmetrical (semi-rotated) cores
(Fig 12: 8) that combine exploitation of both large and narrow core faces.

Micropoint and bladelet production. While micropoint production has not been a focus of previous studies in the
Obi-Rakhmat assemblage, the identification of impact-damaged specimens in the use-wear sample now necessitates an
examination of this reduction sequence. Initial investigations do not reveal a clearly defined chaine opératoire dedicated
exclusively to micropoint production. We have systematically examined all cores for the presence of small triangular
negatives corresponding to the dimensions of impact-crushed micropoints — with particular attention to the characteristics
of the proximal zone.

As with the larger blanks in the Obirakhmatian industry, we observe considerable diversity in the cores aimed at pro-
ducing small blanks — bladelets and small flakes (Fig 13). Based on the morphology of the débitage itself, the dimensions
and morphology of the primary and secondary negatives, we conclude that micropoints could have been produced by sev-
eral reduction sequences. One of the predominant reduction sequences appears to have involved: small Levallois cores
present in the collection (Fig 13A); and small flat faced cores-on-flakes (Fig 13B) that yielded small flakes and bladelets

While truncated-faceted pieces (Fig 14) have been interpreted as micro-point cores in other contexts [6,90], we argue
that within the Obi-Rakhmat technocomplex, most such artifacts functioned mainly as tools [46].
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Fig 11. Convergent spalls from layers 20-21. 1-6 Bladelets; 7-10, 17-18, 21-23 Levallois points; 11-13, 16 Axial points; 14-15, 19-20 Elongated
points.

https://doi.org/10.1371/journal.pone.0328390.9011

This interpretation is supported by several key observations: (1) their highly standardized morphology emphasizes
deliberate working edge formation rather than core reduction features; (2) they rarely exhibit the triangular negatives
characteristic of micropoint production; and (3) although they often possess prepared striking platforms, these show no
evidence of flake removals. Crucially, metric analysis reveals that truncated-faceted pieces differ significantly from formal
cores in striking platform angles (Fig 15). Moreover, the platform angles of these truncated-faceted pieces show no cor-
relation with the residual angles observed on the analyzed points, in marked contrast to all other core types in the assem-
blage. This discrepancy (confirmed by Mann-Whitney U tests, p<0.01) further demonstrates their technological separation
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Fig 12. Technological chains of point and elongated blade production. A. 1 Levallois point core. B Flat faced cores: 2 Flat faced, unidirectional; 3
Flat faced, bidirectional. C. Narrow-faced cores: 4-5 Narrow-faced unidirectional. D Sub-prismatic cores: 6 Sub-prismatic unidirectional; 7 Sub-prismatic
bidirectional; 8 Sub-prismatic asymmetrical (Semi-tournant).

https://doi.org/10.1371/journal.pone.0328390.9012

from systematic core reduction activities. Fig 15 presents boxplots showing: (1) angles between flaking surfaces and strik-
ing platforms of different core types, (2) angles of truncated-facetted pieces, and (3) striking platform angles preserved
after point detachment (measured from points in our sample).

Scar-pattern analysis showed that flakes with the required triangular morphology could also be produced during
bladelet production. A developed bladelet production is widely represented in the lithic industry (S1 Table). The assem-
blage of lower layers is comprised of 20-30% bladelets (S1 Table), with the proportion of bladelet cores reaching 50% (S1
Table). The bladelet cores used in the Obi-Rakhmat industry exhibit a high degree of diversity, with the presence of cari-
nated (Fig 13E), narrow-faced (Fig 13C: 5), burin-cores (Fig 13C: 4), and sub-prismatic (Fig 13D) cores. The utilization of
all these technological chains yielded micro points, as well as pointed bladelets that exhibit a morphological resemblance
to the archaeological specimens that were selected as projectile armatures.
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Fig 13. Technological chains of micro-point and bladelet production. A. 1-2 Small Levallois point cores. B: 3 Flat faced, bidirectional core on flake.
C: 4 Burin-cores, 5 Narrow-faced core. D: 6-7 Sub-prismatic, unidirectional cores. E: 8-10 Carinated cores.

https://doi.org/10.137 1/journal.pone.0328390.9013
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Fig 14. Truncated faceted pieces from layers 20-21: 1-3.

https://doi.org/10.1371/journal.pone.0328390.9014

Discussion
Spear or arrow?

The question that usually arises with armatures is the type of weapon on which they are mounted. There are 6 differ-

ent types of piercing weapons: daggers, hand-held stakes, hand-thrown spears, spears and darts thrown with a spear-
thrower, arrows shot with a bow and blowpipe-fired darts. With the exception of the dagger, which is an ancillary weapon
for hunting, this classification according to distance of use also corresponds to the weight (and robustness) of the weap-
ons in relation to the kinetic energy involved in their use, from the heaviest to the lightest. At the two ends of this range,
the critical parameters are reversed: on the one hand, robustness is essential, while penetration is guaranteed in any
case by the high power developed; on the other hand, the low impact power makes the sharpness of the projectile tip a
determining factor. The design of the armatures will therefore depend on these constraints, in terms of shape and size.
Numerous studies have attempted to find discriminating traceological criteria for distinguishing throwing techniques on the
basis of the lithic points damage. They converge on the conclusion that the degree of damage (position of the fracture,
length of the termination, number of fragments, etc.) is proportional to the energy involved [80,91,92], i.e., javelin points
are more broken than arrowheads (all other things being equal), but none has fixed a threshold because there are too
many parameters involved. Even admitting that the experimental conditions could be strictly similar to the prehistoric ones
(weapon characteristics, type of mounting, method of delivery, shooting distance, hardness of the surrounding ground,
ambient temperature, game, etc.) — which is an illusion — a quantitative model would only be discriminating in a homoge-
neous archaeological assemblage in terms of all the parameters considered. The accumulation of points of the same type
but adapted to both arrows and darts, or shot in summer and winter [93], is likely to render it inapplicable.

The only discriminating qualitative criterion between arrows and spear heads, for ambivalent points (e.g., shouldered
points), is the breakage by lateral flexion (from one edge to the other, not transversally) induced by the lever arm of a long
shaft [3].

Recently, a new set of criteria has been highlighted, based on the ratio between the bending and compressive com-
ponents of the point fracture according to the ballistic trajectory of the projectile. However, the distinction is currently only
relevant between hand-thrown javelins on the one side and arrows or darts on the other [74,94].

In any case, the current series of Obi-Rakhmat is far too small to apply statistical model based on traceological criteria.
In order to hypothesize the type of weapon on which the points were mounted, we must consider the technological param-
eters of their functioning. A point 1.5 cm wide and weighing between 1 and 2 grams does not meet the same needs as a
point 4 cm wide and weighing 30 grams.
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Fig 15. Comparative analysis of the angles between the flaking surface and the striking platform of cores, as well as the dorsal angle of
points. Residual point angles were calculated using the formula: 180° minus the angle between the striking platform and the ventral surface. Raw data
are in S4 Table.

https://doi.org/10.137 1/journal.pone.0328390.9015

In the category of large points, between tip crushed samples (Fig 6: 22, 28, S1 Fig) and a heavily laterally broken one
(Fig 5: 20), the range of energy involved is too wide for identifying a particular weapon, while their size could fit dart and
spear. We can only note that the points with the sharpest edges could have been mounted as daggers, a type of weapon
that is rarely considered in the studies [82]. Unfortunately, their poor state of preservation does not allow a detailed tra-
ceological analysis. Conversely, the narrow but thick point n°24 (Fig 6: 24), with less sharp edges, seems to have been
designed for a heavy dart or spear such as the broken one n°20 (Fig 6: 20).

The category of small points is more revealing. Such small points were not designed to withstand violent impacts, their
triangular shape made it impossible to bind them to the shafts, only to glue them, and these shafts could only be signifi-
cantly smaller in diameter than their maximum cutting width [95]. It is important to remember that the role of the cutting
armature is to tear the skin of the prey to open the way for the shaft, so that the skin does not tighten around it and reduce
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Fig 16. Micropoints alongside structuring products of the lithic industry. 1-5 blades and elongated points from blade cores, 6-8 Large retouched
weapons heads, 9-11 Micropoints. Centimetric scale.

https://doi.org/10.1371/journal.pone.0328390.9016

penetration. This is all the more important as the projectile has low momentum, which is the case for an arrow shot with a
primitive bow. Contrary to what has been endlessly debated by archaeologists, it is not the weight of the arrowhead that
first matters but its ability to penetrate, which is directly related to its width and sharpness for a given bow draw-weight
[83,96-98].

Inventories of archaeological and ethnographic arrows, and even contemporary recreational and sport archery, show
that their shafts vary very little from a diameter of 7-8 mm [95,99—-103], depending on the power of the bow. Contrary to
what Klaric et al. claim [104], this is not a “rule”, i.e., a cultural arbitrariness, but the consequence of physical principles,
i.e., a transcultural invariance. This is what A. Leroi-Gourhan called “trends”, as opposed to the “degrees of fact” [105].

This has to do with the flexibility (spine) of the arrow [73 Supplementary file2 video], which, if too great, will absorb
some of the energy at launch and at penetration and induce too much oscillation in flight and at impact, or, if too weak, will
not pass around the grip of the bow and will deviate laterally, in both cases altering the accuracy of the shot [83,95,106].
The dart’s spine [[74] Supplementary file3 video, 107] needs to be calibrated just as precisely, but according to the spear-
thrower operating principle to which it contributes, with the same consequences for the efficiency of the shot [108]. One of
the parameters used for adjustment it is the resistance to acceleration induced by the mass of the tip [95,109].

Last but not least, the resistance to penetration increases with the diameter of the shaft due to the greater surface area
exposed to the tissues, resulting in a higher drag factor [83].
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The difference in the principle of energy delivery between the bow and the spear-thrower, with an inverse rela-
tionship between velocity and mass, results in projectiles whose characteristics are not interchangeable and whose
impact force is not the same (higher with darts). As Hughes wrote “Spine and size conformance (matching) between
the projectile and the propulsive device are critical to insure accuracy and an efficient transfer of energy [[110] Supple-
mentary file3 video, ” [95].

This explains the bimodal distribution distinguishing darts and arrows, according to head width and shaft diameter,
reported by Marsh et al. [100 Fig 4] from the measurements of 168 hafted points or shafts across the American continent.
The chosen geographical area, with its rich archaeological and ethnographic corpus, also offers the advantage of having
known only one type of bow before the Hispanic period — the simple or self-bow — and the widespread use of composite
arrows and darts made from a main shaft and a removable foreshaft. This technical solution is not exclusive to the Ameri-
can continent, as evidenced by the complete arrows from Egyptian Predynastic and Dynastic tombs (V and IVth millennia
BC) whose lithic and bone armatures have typological equivalents in the Epipaleolithic and even the Late Stone Age [111].
It allows the use of shorter natural shafts than when making one-piece javelins, and the interchangeability of projectile
ends, but with the disadvantage of a lesser penetration (no deeper than the connection) and greater breakability. The fore-
shaft reduces the dimensional gap between the arrow and the dart head, by allowing smaller points on composite darts
than on single-piece ones. However, the dart foreshaft must be more robust in order to withstand greater stress than the
arrow (greater impact force with more bending component [74]), which means a larger diameter.

To cut the skin widely enough for reducing the resistance to shaft penetration, Hughes calculates that the maximum
circumference of arrow and dart tips should be 140—-150% of the shaft diameter [95]. The complete micropoint (Fig 4: 00,
Fig 7: 00, S17 Fig), whose maximum thickness is not regular, with a peak at 1.5 mm on one ridge and another at 3 mm on
the second, and one cutting edge at 1 mm, is frontally closer to a furtive airplane than to the simple geometric shape to
which the TCSP calculation formula corresponds. The main issue with the micropoints is in the calculation of their fron-
tal outline, since the greatest thickness is frequently at the level of the bulb, which is in the continuation of the shaft and
therefore, like the shaft, depends on the morphology of the cutting edges beyond its diameter for the opening of its way.
Nonetheless, even if we use the maximum thickness value, the calculation gives a potential shaft diameter of 7.5-8 mm,
i.e., (23,6—25,1 mm perimeter) that of an arrow. Because of their quasi-equilateral outline, the triangular micropoints of
Obi-Rakhmat have geometrically a lower cutting efficiency (mechanical advantage) than the Paleo-Indian points of thin
elliptical cross-section and much longer cutting edges from which this index has been extrapolated [95,112]. As a result,
the corresponding theoretical shaft diameter should be regarded as a maximum.

In order to refute the presence of arrowheads in contexts too ancient for considering the existence of bow and arrow
technology, Klaric et al. have recently proposed the alternative hypothesis of reduced weapons for children with which
the criterion of efficiency becomes secondary [104]. On the basis of ethnographic data from three continents, they distin-
guish two archaeologically demonstrable cases: simplified lithic or bone points expeditiously made by adults or clumsy
ones made by children. It’s true that the place of children in prehistoric societies is not considered a research topic in
itself, even though its anthropological implications would be fundamental, particularly for the Middle or Early Palaeolithic,
but the criteria proposed do not fit in with Obi-Rakhmat’s industry. The micropoints, there, are not reduced replicas of the
larger retouched ones nor do they result from a same debitage scheme (Fig 16). Unlike the ethnographic and archaeolog-
ical examples mentioned by Kilaric et al., these are not shaped points but knapped ones, the experimental reproduction
of which requires a real know-how. This appear evident when examining the butt of the archaeological specimens. To
assume that children learned lithic knapping by using their own solutions, different from those practiced by adults, is not
the kind of parsimonious hypothesis advocated by Klaric et al. While there is currently no experimental model to show that
children can throw small arrow-sized spear or dart with sufficient force to be effective in hunting condition (the MLITs of 2
micropoints indicate that they penetrated soft matter before breaking against something hard, which is usually the struc-
ture of an animal or human target).
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Unlike bifacial points, whose final width may be the result of several stages of rejuvenation, the width of unretouched
knapped points when discarded is that of their intended design. For the time being, the simplest hypothesis is that the
production of the micropoints at Obi-Rakhmat was a response to a specific need for small, lightweight sharp armatures.

A technical alternative to bow and arrow for such small projectile points, but which to our knowledge has not been
experimentally tested, could be that of a dart armature shot with a blowgun. However, the ethnographic examples docu-
mented in South-East Asia and on the American continent [113], originated from a core area in tropical forest, do not men-
tion darts reinforced with lithic or bone points. The only documented composite darts we have found are Malayi darts from
Southern India, with a detachable conical barbed steel head, linked to a short shaft by a long and thin cord wound closely
around it, which were used for shooting fishes at close range [114]. The Cherokee blowgun can deliver a dart made from a
very light wood or bamboo splinter at nearly twice the speed of an arrow from a native self-bow [115]. Its effective hunting
range is between 12 and 18 m [116,117]. The darts of the Jahai people in Malaysia, among the most ancient blowgun
hunters, weight less than one gram and can be shot precisely at 50 m [118]. On such needle-like projectiles, the micro-
points from Obi-Rakhmat would be disproportionate in every respect (width, fitting, weight distribution, inertia, ballistic
properties) out of proportion.

In the context of the Obi-Rakhmat lithic industry, regarding the micropoints as arrow heads is the working hypothesis
most compatible with the fundamental principles of hunting weapon design and with the available experimental refer-
ences. The most disconcerting element of this provisional conclusion is the age of the levels from which these points
originate. With what can we compare them?

Comparison with former, contemporary or similar projectile heads

The earliest lithic weapon armatures reported in the literature on a traceological basis are those from Kathu Pan 1 in
South Africa, stratum 4a, which has yielded the oldest dated Fauresmith Industry [119-122], at the transition between the
Early and Middle Stone Age, ca 500 ka. This KP1 assemblage contains numerous unifacially retouched points and unre-
touched triangular flakes and blades from Levallois knapping. In a sample of 210 points and fragments covering 4 square
units, 31 diagnostic impact fractures (DIF) were detected on 29. However, only 5 photographs of these DIF are provided,
including 2 tiny burin removals, but no view of the entire artefacts (photo nor drawing). These possible spearheads are not
said to differ in size or morphology from the rest of the corpus. The average length of all points (retouched or unretouched,
symmetrical or not) is over 7 cm. No human remains have been found with this ancient expression of Fauresmith-type
industry.

Slightly less ancient (> 279 ka) are the obsidian points from the Gademotta site complex in Ethiopia, which have been
identified as projectile points based on velocity-dependent microfracture features, diagnostic damage patterns, and artifact
shape [36], but the interpretation has been controversial, with the apical removals seen as resulting from a sharpening
process by lateral tranchet blow removal rather than projectile impact [37,123].

The lithic industry of the Misliya cave terrace, in Israel, associated with the oldest remains of archaic Sapiens found
outside Africa (ca. 180 ka), consists mainly of points of different types (unretouched Levallois, retouched Levallois and
Abu-Sif and Misliya points). Three traceological analyses were carried out on samples of the lithic assemblage containing
the different types of points, i.e., a total of 344 points out of a total sample of 445 pieces. The aim of the first study was
to find weapon heads [73], while the next 2 were exhaustive [45,124]. In total, 48 weapon heads were identified based
on their microscopic damage and microscopic linear impact traces (5% of the sample). The dominant type are the unre-
touched Levallois points with 26 specimens. Their average length is 64 mm and their average weight is 19 grams. Nev-
ertheless, the complete study shows that the points at Misliya are multifunctional tools also related to the acquisition of
vegetal foods as well as performing craft-related activities.

Only slightly more recent are the 3 non-tanged projectile points identified in the lower section of the stratigraphy of the
Ifri n'Ammar rock shelter in Morocco, dated between 143 and 171 ka [125]. They precede the tanged Aterian points of the
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upper section, dated between 171-83 ka, of which 11 out of 42 have also been identified as spear tip based on their dam-
age [126]. The way they were hafted and their size do not seem to distinguish them from common tools. They are more
massive and robust than the micropoints of Obi-Rakhmat.

On the other side of the Mediterranean, further north, in the world of the Neanderthals, at the Bouheben site in France,
in an assemblage of 125 Mousterian points from around the same time period (geological assignment to MIS 6) as
Misliya, 6 specimens with impact scars interpreted as weapon heads are mentioned [127]. Four rather convincing macro
photographs are published, but no views of the whole specimens. This suggests that there was nothing morphologically
distinctive that was worth showing.

In the rich Levallois Levallois industry from level lIA of Biache-Saint-Vaast, northern France, which is slightly older (MIS
7), 16 spear points and 20 butchering knives were identified among the Mousterian points and convergent scrapers by a
macroscopic and microscopic traceological analysis of 157 convergent pieces, side scrapers and Levallois implements
[128]. The weapon heads are among the most elongated and symmetrical samples in the corpus.

The macroscopic analysis of 119 unretouched Levallois points from the slightly younger assemblage of Therdonne
(France, MIS 7/6) has been less successful, yielding only 2 possible weapon heads but 17 butchering knives [129,130].

Although a hundred thousand years more recent, the assemblages from Angé and Bettencourt-Saint-Ouen, in the
northern half of France, do not show a different pattern, with triangular-shaped pieces serving a variety of needs, among
which weapon head is one of the potential uses. At Angé, lithic points were mainly produced by a convergent unipolar pro-
duction scheme, but also by bipolar and centripetal Levallois schemes [131]. One weapon point was noted for its lateral
damage [132], however macroscopic and microscopic analysis of 33 other Mousterian points of different sizes and mor-
phologies revealed only harvesting and plant processing tools (Plisson, unpublished). At Bettencourt-Saint-Ouen, where
points were also produced by different schemes, the analysis of 49 Levallois points revealed 1 weapon point with lateral
scars, 8 butchering knives and 2 wood knives [Caspar in 133]. These two sites are contemporary with Obi-Rakhmat’s
level 21, but have nothing in common with its micro projectile points.

To find small projectiles heads, it is necessary to leave Neanderthals, cross back the Mediterranean Sea and go as
far as the southern end of Africa. Between > 77ka and 64ka, in 3 different cultural assemblages, the Sibudu rock shelter,
in the province of KwaZulu-Natal, displays a range of types and sizes of projectile armatures, from Pre Still Bay serrated
bifacial lithic points to Howiesons Ports microlith quartz segments and bone points, some of which being described as
arrowheads [127,134—145]. Lithic segments and bone points continued to be used locally as arrowheads well into historic
times [146—148].

However, the very different lithic head designs (Levallois and pseudo Levallois vs serrated bifacial, foliated or seg-
ments), the dates, the distance and the absence of geographical relays prevent us from seeing any relationship between
the earliest levels of Obi-Rakhmat and the different cultural layers of Sibudu. The contribution of South Africa to the
expansion of Anatomically Modern Human (AMH) is more likely to have been in the direction of Asia, according to the
coastally oriented dispersal model, due in part to the similarity of the Howiesons-type segments with those of the first
microlithic assemblages in India and Sri Lanka [149].

The closest technical comparison is not in Africa, but in the Rhéne valley in France, in a brief Neronian occupation of
the Mandrin cave 54,000 years ago (51.7-56.8 interval). This cultural layer E yielded micropoints identical to those found
at Obi-Rakhmat, also impacted by use as projectile heads (Fig 17). Due to their tiny size, they are interpreted as arrow-
heads [151]. AHomo Sapiens deciduous tooth has been found in the same layer [152]. A subsequent local Mousterian
layer, with Neanderthal mandibular remains, closes the Middle Palaeolithic stratigraphic sequence at the site [153]. The
Neronian with its small arrowheads is regarded as belonging to a first pioneering wave of AMH incursion into southern
Europe [154]. Other sites with lithic industries using the same reduction strategy and characterized by the combination
of axial-macro and micropoints/blades/bladelets are beginning to be documented at the end of the Middle Palaeolithic
in Spain with the Arlanzian of Cueva Millan [155] and in Italy at Riparo I'Oscurusciuto [156]. At Cueva Millan micropoints

PLOS One | https://doi.org/10.137 1/journal.pone.0328390  August 11, 2025 20/33




PLOSY one

Obi-Rakhmat, layer 20-21, ca 80 ka Mandrin, layer E, 54 ka

Fig 17. Comparison between micropoints from Obi-Rakhmat, layers 20-21, and Mandrin, layer E [6,150].
https://doi.org/10.1371/journal.pone.0328390.9017

impacted by their potential use as projectile head are mentioned, while a past study at Riparo I'Oscurusciuto highlighted
the presence of impact scars on 6 macro-points, suggesting their use as spear tips [157]. The biological identity of these
innovative hunters is unknown, however, the combination of projectile heads of different sizes, including microlithic ones,
does not fall within the Neanderthal repertoire [158]. The resemblance with the Neronian suggests that the same author
could be involved.

The IUP perspective

A parallel has been drawn between the industries of layer E at Mandrin and layer XXIV at Ksar Akil in Lebanon, which
share notable technical similarities [152]. Due to the early excavation conditions, smallest micropoints are missing at Ksar
Akil, while the dating indicates a gap of almost 10,000 years between the two assemblages. This gap is marked in the
stratigraphy of Ksar Akil by an abrupt break between layers XXVI and XXIV, without any possibility of technological conti-
nuity between the Middle Palaeolithic and the Initial Upper Palaeolithic [154] and by a partial maxilla of young AMH [159].
The absence of AMH specimens in the Levant since the material from Skhul/Qafzeh (~120-90 ka ago), with the exception
of the calvaria from Manot Cave in Galilee dated to more than 54.7+5.5 ka [160, but see 161], does not support a contin-
uous representation and local evolution of AMHSs in the Levant. The fact that the earliest dates for the IUP layers of Ksar
Akil post-date the Neanderthal era could might suggest that earlier settlements of AMH returning to the Levant did not
take place on sites that were occupied by Neanderthals at the time. More generally, we might ask whether recent develop-
ments in dating and calibration techniques make it possible to compare, in absolute terms, results from different contexts
spread over almost a decade?

Whatever the timing of the return to the Levant of the AMHs, considered to be the artisans of the IUP, the milestones in
the evolution of hunting weapons that would allow the link to be made are currently lacking in East Africa or Arabia. In the
Levant itself, the projectile head design known from Umm EI Tlel or Nahal at around 60 ka does not differ from the rest of
east for the possible roots of the very first pioneer groups of Sapiens to enter Europe [154].

Despite the distance in time (~ 25 ka) and space (~ 6000 km) that separates the first occupations of Obi-Rakhmat
from the layer E of Mandrin, we can only be surprised by the great morphological similarity of their micro-projectile points,

PLOS One | https://doi.org/10.1371/journal.pone.0328390  August 11, 2025 21/33



https://doi.org/10.1371/journal.pone.0328390.g017

PLO\Sﬁ\\.- One

which look interchangeable. As well as at Cueva Millan and Riparo I'Oscurusciuto, they are resulting from comparable
flexible flaking patterns. The massive blades of Obi-Rakhmat are absent from the more recent assemblages, but all four
are characterised by flat-faced and semi-rotated cores, and by the production of axial points, blades and bladelets.

We do not pretend to draw a direct link between Obi-Rakhmat and Mandrin, but these striking similarities in one ele-
ment relating to a complex weapon system, of which this could be one of the earliest expressions, give rise to a number
of reflections. In the same way that the technical solutions developed around 64 ka at Sibudu, in South Africa, persisted
well into the Holocene, far beyond the particular cultural group that invented them, it is likely that micropoints of the type
described here and what they encompass spread between different groups, as bow and arrows are particularly well suited
to hunting game that is difficult to approach in an open foothill environment, such as the Asian ibex, and to broadening the
spectrum of hunted fauna.

On the basis of recent genetic data the Persian Plateau, at the northeastern periphery of which Obi-Rakhmat is located,
has recently been defined as a population hub where the ancestors of all present-day non Africans lived between the early
phases of the Out of Africa expansion (~70-60 ka) and the broader colonisation of Eurasia (~45 ka) [165]. This resource-rich
environment, with its diversity of topography and water sources [166], provided a refuge area conducive to demographic
regeneration after the Out of Africa bottleneck, and consequently to groups interaction. These interactions probably encour-
aged technical innovations in response to the new environmental variables, including projectile weapons [165].

The visibility of the IUP in the Levant and Europe from ~ 45 ka may be the consequence of a same population spread-
ing from the Persian Plateau [the second wave in the model proposed by Ludovic Smlimak: 154]. This could explain the
morphological difference between the light projectile armatures of the Emiran/IlUP sequence from Boker Tachtit [8] and
those from Mandrin or Obi-Rakhmat, which would represent an initial, i.e., more archaic, phase. This is suggested by the
fact that the shape of the micropoint was obtained in different ways. It was not yet the primary objective around which pro-
ductions schemes were organised. Light projectile points, whose functional design imposes standardisation, were initially
added on the margins of pre-existing production systems which were centred on other requirements. This corresponds
to what the philosopher Gilbert Simondon [167,168] sees as the birth of a new technical lineage, whose initial stages of
concretising the new principle on which it is based borrow from the technical environment in which it emerges, before
tending towards the conditions of its own coherence. By becoming the structuring element in tool production due to their
importance within the subsistence system, projectile points, through their specialization and standardization, probably
influenced Sapiens’ technological conceptions in a way that became his signature.

At this point, the question of the biological identity of Obi-Rakhmat'’s inhabitants can no longer be avoided. In 2003,
teeth and skull fragments from a single juvenile individual (9—12 years old) were discovered in layer 16 (ca. 70 ka)

The most immediate assumption would be that it was a Neanderthal- [170] or Denisovan-Sapiens hybrid, which could
explain his premature death.

The only known association of Neanderthal remains with different types of weapon points, in this instance lithic and
bone points, is in the Castelperronian of Arcy sur Cure cave in France. However, contamination with the underlying
Mousterian level, which was rich in Neanderthal remains, and the recent identification of an anatomically modern ilium of
a neonate [171], call such an association into question [172], while at Saint Cézaire, in France, the combination of Cas-
telperronian lithic industry and human remains seems to be the result of solifluction [173]. As for knowledge of Denisovian
technical systems, it is currently based on a single site where the only projectile element identified to date is synchronous
with the presence of AMH [174,175].

If we consider the diversification of projectile armatures and the invention of propulsion instruments with their inherent
complexity (systemic integration of a large number of elements) [176] as markers of a development specific to Sapiens,
we need to reformulate the question of the transition between the Middle Palaeolithic and the Upper Palaeolithic, not in
biological terms, between hominins (in fact, historiographically between Neanderthals and Sapiens, the Denisovans being
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excluded despite their genetic legacies) but in relation to the steps in the trajectory of AMH, probably of a demographic
nature [177]. This would give back to the word transition the notion of continuity that it conveys.

For now, the absence of genomic or proteomic analysis at Obi-Rakhmat leaves the question open. Whatever the
answer, it will be of the utmost importance to the debate on the roots of the IUP.

Conclusion

The results presented here are based on a preliminary study on material from the oldest layers of Obi-Rakhmat, which is
currently under study. The number of pieces identified as projectile points may seem small, but it covers only 20 square
metres. In any case, the sample is sufficient to highlight the presence of micropoints impacted by use as projectile heads
in these layers dated back to ~ 80,000 years ago. Their almost microlithic shape makes them technically unsuitable for
mounting on anything other than arrow-like shafts. The same type of armature is described in a pioneer settlement by
Sapiens in the Rhéne Valley 25,000 years later and similar point productions are beginning to be discovered at other sites,
which renders the suggestion of childlike making anecdotal.

At Obi-Rakhmat, they are present in the inventory with more robust points and with bladelets. These different elements
seem hard to match on the same shaft and probably corresponded to 3 types of weapons.

The bladelets, which are also resulting from several flaking patterns, will require a dedicated functional study to deter-
mine whether they were commonly used as projectile barbs. The next task will be to see whether the same technical solu-
tions are present throughout the stratigraphy or whether this combination of weapons was specific to the first occupation
layers. The question is especially relevant for the micropoints, which are about to become an index fossil. So far unnoticed
because they are unretouched, tiny and fragmentary, it is likely that they will now begin to appear in sites between Central
Asia and Western Mediterranean Sea. Should this be the case, it would be worthwhile to observe how Obi-Rakhmat fits
into the dynamics of their dissemination: as a recipient site or as part of the cultural complex in which they were invented?
The micropoints could be indicative of interconnections between distinct groups and of their temporality in relation to
climatic phases.

The challenge of integrating typological, technological, chronological, geographical and anthropological data relating to
the Initial Upper Palaeolithic and its premices into an unifying model suggests that what this concept encompass, in rela-
tion to the expansion of Sapiens into Eurasia, was not a sudden linear phenomenon. Instead, it was the result of a mosaic
of interactions over millennia between groups emerging from Africa and vernacular populations [178]. Small projectile
points and the complex weaponry behind can provide a discriminating criterion in time and space for getting a clearer
view.
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S$19 Fig. Broken burnt crushed bladelet 15 — OP 11 21.1 07, photographic view, centimetric scale.
(JPG)

S$19 File. Broken burnt crushed bladelet 15 — OP 11 21.1 07, 3D model.
(PDF)

S$20 Fig. Backed bladelet 31 - OP-08 Cn 21.1 KB M7, photographic view, centimetric scale.
(JPG)

S20 File. Backed bladelet 31 - OP-08 Cn 21.1 KB M7, 3D model.
(PDF)

S21 File. Broken micropoint 6 — OP 2001-2008 €N 21.1, 3D model.
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S$21 Fig. Experiments by Vladimir Kharevich and Aléna Kharevich, photographic view.
(JPG)

S$1 Inclusivity. Inclusivity in global research.
(DOCX)

Acknowledgments

We are grateful to the staff of the National Center of Archeology, Academy of Sciences of the Republic of Uzbekistan, for
facilitating access to the collection. Special thanks to Dr. Frangoise Courmelon and Dr. Colline Bataille for making possible
the participation of H.P. to this study.

Author contributions

Conceptualization: Hugues Plisson, Ksenya A. Kolobova.
Data curation: Alena V. Kharevich, Farhod A. Maksudov.
Formal analysis: Ksenya A. Kolobova.

Funding acquisition: Hugues Plisson, Andrei |. Krivoshapkin.

Investigation: Hugues Plisson, Alena V. Kharevich, Vladimir M. Kharevich, Lydia V. Zotkina, Malvina Baumann, Andrei .
Krivoshapkin.

Methodology: Hugues Plisson, Vladimir M. Kharevich.

Project administration: Andrei |. Krivoshapkin.

Resources: Hugues Plisson, Ksenya A. Kolobova, Andrei |. Krivoshapkin.
Software: Pavel V. Chistiakov.

Supervision: Andrei |. Krivoshapkin.

Validation: Hugues Plisson, Ksenya A. Kolobova, Andrei |. Krivoshapkin.

Visualization: Hugues Plisson, Pavel V. Chistiakov, Lydia V. Zotkina, Malvina Baumann, Eric Pubert, Ksenya A.
Kolobova.

Writing — original draft: Hugues Plisson, Alena V. Kharevich.

Writing — review & editing: Hugues Plisson, Alena V. Kharevich, Malvina Baumann, Andrei |. Krivoshapkin.

PLOS One | https://doi.org/10.137 1/journal.pone.0328390  August 11, 2025 26/33



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s042
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s043
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s044
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s045
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s046
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s047
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328390.s048

PLO\Sﬁ\\.- One

References
1. Hublin JJ. Biologie de la culture. Paléoanthropologie du genre Homo. Paris: Fayard; 2017. https://www.college-de-france.fr/fr/editions/
lecons-inaugurales/biologie-de-la-culture-9782213702216
2. Bergman CA, Newcomer MH. Flint arrowhead breakage: examples from Ksar Akil. J Field Archaeol. 1983;10:238—41.
3. Rots V, Plisson H. Projectiles and the abuse of the use-wear method in a search for impact. J Archaeol Sci. 2014;48:154—65. https://doi.
org/10.1016/j.jas.2013.10.027
4. Baillet M. Eclairage de la tracéologie lithique sur le systéme techno-économique nomade chatelperronien. phdthesis, Université de Bordeaux;
Universidad de Cantabria. 2017. Available from: https://theses.hal.science/tel-01941401
5. Eren E, Kuhn SL. Morphological and functional variation in points from the Ahmarian layers at Ugagizli Cave, Turkey. Eurasian J Anthropol.
2019;10:1-19.
6. Metz L, Lewis JE, Slimak L. Bow-and-arrow, technology of the first modern humans in Europe 54,000 years ago at Mandrin, France. Sci Adv.
2023;9(8):eadd4675. https://doi.org/10.1126/sciadv.add4675 PMID: 36812314
7. Sano K, Arrighi S, Stani C, Aureli D, Boschin F, Fiore |, et al. The earliest evidence for mechanically delivered projectile weapons in Europe. Nat
Ecol Evol. 2019;3(10):1409-14. https://doi.org/10.1038/s41559-019-0990-3 PMID: 31558829
8. Yaroshevich A, Kaufman D, Marks A. Weapons in transition: Reappraisal of the origin of complex projectiles in the Levant based on the Boker
Tachtit stratigraphic sequence. J Archaeol Sci. 2021;131:105381. https://doi.org/10.1016/j.jas.2021.105381
9. KpuowanknH AU. O6u-PaxmaTcknii BapuaHT nepexofa oT CpefHero K BepxHemy naneonuty B LleHTpanbHoii Asun/ Obi-Rakhmat variant of the tran-
sition from Middle to Upper Palaeolithic in Central Asia. gokTop uctopuueckux Hayk. 2012. pp. 840. Available from: https://dissercat.com/content/
obi-rakhmatskii-variant-perekhoda-ot-srednego-k-verkhnemu-paleolitu-v-tsentralnoi-azii
10. Krivoshapkin Al, Kolobova KA, Kharevich AV, Anoikin AA. The Obirakhmatien Middle Paleolithic: in a search of ancestry. Lecture presented at: In
search of roots:: Innovative Middle Paleolithic in Central Asia; National Center of Archaeology, Tashkent, Uzbekistan. 2024. Available from: https://
archaeology.uz/en/events/in-search-of-roots-innovative-middle-palaeolithic-in-central-asia
11. Milks A, Lehmann J, Leder D, Sietz M, Koddenberg T, Bohner U, et al. A double-pointed wooden throwing stick from Schoningen, Germany: results
and new insights from a multianalytical study. PLoS One. 2023;18(7):€0287719. https://doi.org/10.1371/journal.pone.0287719 PMID: 37467169
12. Friis-Hansen J. Mesolithic cutting arrows: functional analysis of arrows used in the hunting of large game. Antiquity. 1990;64(244):494-504. https://
doi.org/10.1017/s0003598x0007839x
13. Shea J, Davis Z, Brown K. Experimental Tests of Middle Palaeolithic Spear Points Using a Calibrated Crossbow. J Archaeol Sci. 2001;28(8):807—
16. https://doi.org/10.1006/jasc.2000.0590
14. Brooks AS, Nevell L, Yellen JE, Hartman G. Projectile Technologies of the African MSA. In: Hovers E, Kuhn SL, editors. Transitions Before the
Transition: Evolution and Stability in the Middle Paleolithic and Middle Stone Age. Boston, MA: Springer US; 2006. pp. 233-255. https://doi.
org/10.1007/0-387-24661-4_13
15. Sisk ML, Shea JJ. Experimental use and quantitative performance analysis of triangular flakes (Levallois points) used as arrowheads. J Archaeol
Sci. 2009;36(9):2039-47. https://doi.org/10.1016/}.jas.2009.05.023
16. Lombard M, Shea JJ. Did Pleistocene Africans use the spearthrower-and-dart? Evol Anthropol. 2021;30(5):307—15. https://doi.org/10.1002/
evan.21912 PMID: 34343369
17. Lombard M, Lotter MG, Caruana MV. The Tip Cross-sectional Area (TCSA) Method Strengthened and Constrained with Ethno-historical Material
from Sub-Saharan Africa. J Archaeol Method Theory. 2022;31(1):26-50. https://doi.org/10.1007/s10816-022-09595-1
18. Bradfield J. Bone point functional diversity: a cautionary tale from Southern Africa. In: Langley MC, editor. Osseous Projectile Weap-
onry: Towards an Understanding of Pleistocene Cultural Variability. Dordrecht: Springer Netherlands; 2016. pp. 31-40. https://doi.
org/10.1007/978-94-024-0899-7_3
19. Hutchings WK. When Is a Point a Projectile? Morphology, Impact Fractures, Scientific Rigor, and the Limits of Inference. In: lovita R, Sano
K, editors. Multidisciplinary Approaches to the Study of Stone Age Weaponry. Dordrecht: Springer Netherlands; 2016. pp. 3—12. https://doi.
org/10.1007/978-94-017-7602-8_1
20. Bordes F. A propos des outils a bord abattu. Quelques remarques. Bull Société Préhistorique Fr. 1952;49(11):645-7. https://doi.org/10.3406/
bspf.1952.5116
21. Pettigrew DB, Garnett J, Ryals-Luneberg C, Vance EA. Terminal ballistics of stone-tipped Atlatl Darts and arrows: results from exploratory natural-
istic experiments. Open Archaeolo. 2023;9(1). https://doi.org/10.1515/opar-2022-0299
22. Bachechi L, Mallegni F. An Arrow-Caused Lesion in a Late Upper Palaeolithic Human Pelvis. Curr Anthropol. 1997;38(1):135—40. https://doi.
org/10.1086/204594
23. Boéda E, Geneste JM, Griggo C, Mercier N, Muhesen S, Reyss JL, et al. A Levallois point embedded in the vertebra of a wild ass (Equus afri-
canus): hafting, projectiles and Mousterian hunting weapons. Antiquity. 1999;73(280):394—402. https://doi.org/10.1017/s0003598x00088335
24. Gaudzinski-Windheuser S. Hunting Lesions in Pleistocene and Early Holocene European Bone Assemblages and Their Implications for Our Knowl-

edge on the Use and Timing of Lithic Projectile Technology. In: lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age
Weaponry. Dordrecht: Springer Netherlands; 2016. pp. 77-100. https://doi.org/10.1007/978-94-017-7602-8_6

PLOS One | https://doi.org/10.1371/journal.pone.0328390  August 11, 2025 27133



https://www.college-de-france.fr/fr/editions/lecons-inaugurales/biologie-de-la-culture-9782213702216
https://www.college-de-france.fr/fr/editions/lecons-inaugurales/biologie-de-la-culture-9782213702216
https://doi.org/10.1016/j.jas.2013.10.027
https://doi.org/10.1016/j.jas.2013.10.027
https://theses.hal.science/tel-01941401
https://doi.org/10.1126/sciadv.add4675
http://www.ncbi.nlm.nih.gov/pubmed/36812314
https://doi.org/10.1038/s41559-019-0990-3
http://www.ncbi.nlm.nih.gov/pubmed/31558829
https://doi.org/10.1016/j.jas.2021.105381
https://dissercat.com/content/obi-rakhmatskii-variant-perekhoda-ot-srednego-k-verkhnemu-paleolitu-v-tsentralnoi-azii
https://dissercat.com/content/obi-rakhmatskii-variant-perekhoda-ot-srednego-k-verkhnemu-paleolitu-v-tsentralnoi-azii
https://archaeology.uz/en/events/in-search-of-roots-innovative-middle-palaeolithic-in-central-asia
https://archaeology.uz/en/events/in-search-of-roots-innovative-middle-palaeolithic-in-central-asia
https://doi.org/10.1371/journal.pone.0287719
http://www.ncbi.nlm.nih.gov/pubmed/37467169
https://doi.org/10.1017/s0003598x0007839x
https://doi.org/10.1017/s0003598x0007839x
https://doi.org/10.1006/jasc.2000.0590
https://doi.org/10.1007/0-387-24661-4_13
https://doi.org/10.1007/0-387-24661-4_13
https://doi.org/10.1016/j.jas.2009.05.023
https://doi.org/10.1002/evan.21912
https://doi.org/10.1002/evan.21912
http://www.ncbi.nlm.nih.gov/pubmed/34343369
https://doi.org/10.1007/s10816-022-09595-1
https://doi.org/10.1007/978-94-024-0899-7_3
https://doi.org/10.1007/978-94-024-0899-7_3
https://doi.org/10.1007/978-94-017-7602-8_1
https://doi.org/10.1007/978-94-017-7602-8_1
https://doi.org/10.3406/bspf.1952.5116
https://doi.org/10.3406/bspf.1952.5116
https://doi.org/10.1515/opar-2022-0299
https://doi.org/10.1086/204594
https://doi.org/10.1086/204594
https://doi.org/10.1017/s0003598x00088335
https://doi.org/10.1007/978-94-017-7602-8_6

PLO\Sﬁ\\.- One

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

lves JW, Dawe R, Graham R. An AMS radiocarbon age for the pathological vertebra of a bison from near Pibroch, north central Alberta - Open
Government. Archaeol Surv Alta Occas Pap. 2016;36:9-13.

Morel P. Une chasse a l'ours il y a 12000 ans: nouvelle découverte a la grotte du Bichon (La Chaux-de-Fonds). Archéologie Suisse.
1993;16:110-7.

Nikolskiy P, Pitulko V. Evidence from the Yana Palaeolithic site, Arctic Siberia, yields clues to the riddle of mammoth hunting. J Archaeol Sci.
2013;40(12):4189-97. https://doi.org/10.1016/j.jas.2013.05.020

Orlova LA, Zenin VN, Stuart AJ, Higham TFG, Grootes PM, Leshchinsky SV, et al. Lugovskoe, Western Siberia: A Possible Extra-Arctic Mammoth
Refugium at the End of the Late Glacial. Radiocarbon. 2004;46(1):363—8. https://doi.org/10.1017/s0033822200039667

Waters MR, Newell ZA, Fisher DC, McDonald HG, Han J, Moreno M, et al. Late Pleistocene osseous projectile point from the Manis site,
Washington-Mastodon hunting in the Pacific Northwest 13,900 years ago. Sci Adv. 2023;9(5):eade9068. https://doi.org/10.1126/sciadv.ade9068
PMID: 36724281

Kotov VG, Rumyantsev MM, Gimranov DO. CrosHKa cpefHero naneonuta B newepe MmaHaii-1 Ha tOxHOM Ypane: npefBapuTenbHble UTOMM
apxeonornyeckux nccnegosanuin. Orient Stud. 2020;13(5):1271-91. https://doi.org/10.22162/2619-0990-2020-51-5-1271-1291

HyxHbin 1O, Mpacnos HJ, Cabnux MB. lMepBblii ciyyaii NOATBEPKAEHMA OXOTbl Ha MaMoHTa B EBpone (cTosHka KocteHkun 1, Poccums). Ceop
Apxeonorunyecknx MctouHnko KyHctkamepbl. 2014;4:106—15.

Liu J, Nadel D, Chen H, Groman-Yaroslavski |. An experimental-based characterization of breakage patterns of prehistoric bladelets: the combined
impact of knapping, exposure to fire and trampling. J Archaeol Sci: Rep. 2024;57:104619. https://doi.org/10.1016/j.jasrep.2024.104619

Newcomer MH. Spontaneous retouch. Staringia. 1976;3:62—4.

Pargeter J. Assessing the macrofracture method for identifying Stone Age hunting weaponry. J Archaeol Sci. 2011;38(11):2882-8. https://doi.
org/10.1016/j.jas.2011.04.018

Tixier J, Inizan ML, Roche H. Préhistoire de la pierre taillée: terminologie et technologie. Valbonnes: C.R.E.P.; 1980.

Sahle Y, Hutchings WK, Braun DR, Sealy JC, Morgan LE, Negash A, et al. Earliest stone-tipped projectiles from the Ethiopian rift date to >279,000
years ago. PLoS One. 2013;8(11):e78092. https://doi.org/10.1371/journal.pone.0078092 PMID: 24236011

Douze K, Delagnes A. The pattern of emergence of a Middle Stone Age tradition at Gademotta and Kulkuletti (Ethiopia) through convergent tool
and point technologies. J Hum Evol. 2016;91:93—121. https://doi.org/10.1016/j.jhevol.2015.11.006 PMID: 26852815

Mussi M, Villa P. Single carcass of Mammuthus primigenius with lithic artifacts in the Upper Pleistocene of northern lItaly. J Archaeol Sci.
2008;35(9):2606—13. https://doi.org/10.1016/j.jas.2008.04.014

Coppe J, Rots V. Focus on the target. The importance of a transparent fracture terminology for understanding projectile points and projecting
modes. J Archaeol Sci: Rep. 2017;12:109-23. https://doi.org/10.1016/j.jasrep.2017.01.010

Fischer A, Hansen PV, Rasmussen P. Macro and Micro Wear Traces on Lithic Projectile Points. J Danish Archaeol. 1984;3(1):19—46. https://doi.org
/10.1080/0108464x.1984.10589910

CyneiimaHoB PX. CTaTncTuyeckoe nsyyeHue KynbTypbl rpota O6u-Paxmat/ Etude statistique de la culture de la grotte d’Obi-Rakhmat. TawkeHt: AH
Y3CCP. UH-T apxeonoruu; 1972.

Derevianko A, Krivoshapkin A, Anoikin AA, Islamov Ul, Petrin VT, Saifullaiev BK. The Initial Upper Palaeolithic of Uzbekistan: the lithic industry of
Obi-Rakhmat Grotto (on the basis of materials recovered from strata 2—14). Archaeol Ethnol Anthropol Eurasia. 2001;4:42—-63.

Krivoshapkin Al, Anoikin AA, Brantingham PJ. The Lithic Industry of Obi-Rakhmat Grotto, Uzbekistan. Bull Indo-Pac Prehistory Assoc. 2007;26(0).
https://doi.org/10.7152/bippa.v26i0.11989

Mallol C, Mentzer SM, Wrinn PJ. A micromorphological and mineralogical study of site formation processes at the late Pleistocene site of Obi-
Rakhmat, Uzbekistan. Geoarchaeology. 2009;24(5):548-75. https://doi.org/10.1002/gea.20280

Groman-Yaroslavski |, Zaidner Y, Weinstein-Evron M. Mousterian Abu Sif points: Foraging tools of the Early Middle Paleolithic site of Misliya Cave,
Mount Carmel, Israel. J Archaeol Sci: Rep. 2016;7:312-23. https://doi.org/10.1016/j.jasrep.2016.05.002

Shalagina AV, Krivoshapkin Al, Kolobova KA. Truncated-faceted pieces in the paleolithic of Northern Asia. Archaeol Ethnol Anthropol Eurasia.
2015;43(4):33-45. https://doi.org/10.17746/1563-0102.2015.43.4.033-045

Glantz M, Viola B, Wrinn P, Chikisheva T, Derevianko A, Krivoshapkin A, et al. New hominin remains from Uzbekistan. J Hum Evol.
2008;55(2):223-37. https://doi.org/10.1016/j.jhevol.2007.12.007 PMID: 18499228

Bar-Yosef O, Kuhn SL. The big deal about blades: laminar technologies and human evolution. Am Anthropol. 1999;101(2):322—38. https://doi.
org/10.1525/aa.1999.101.2.322

Boaretto E, Hernandez M, Goder-Goldberger M, Aldeias V, Regev L, Caracuta V, et al. The absolute chronology of Boker Tachtit (Israel) and impli-
cations for the Middle to Upper Paleolithic transition in the Levant. Proc Natl Acad Sci U S A. 2021;118(25):e2014657118. https://doi.org/10.1073/
pnas.2014657118 PMID: 34161257

Meignen L. Middle Paleolithic blady assemblages in the Near East: a reassessment. Caucasus and the initial dispersals in the Old World.
Saint-Petersbourg: Russian Academy of Sciences; 2007. pp. 133—48.

Meignen L. Early Middle Palaeolithic blade technology in Southwestern Asia. Acta Anthropol Sin. 2000;19:158-68.

PLOS One | https://doi.org/10.1371/journal.pone.0328390 August 11, 2025 28/33



https://doi.org/10.1016/j.jas.2013.05.020
https://doi.org/10.1017/s0033822200039667
https://doi.org/10.1126/sciadv.ade9068
http://www.ncbi.nlm.nih.gov/pubmed/36724281
https://doi.org/10.22162/2619-0990-2020-51-5-1271-1291
https://doi.org/10.1016/j.jasrep.2024.104619
https://doi.org/10.1016/j.jas.2011.04.018
https://doi.org/10.1016/j.jas.2011.04.018
https://doi.org/10.1371/journal.pone.0078092
http://www.ncbi.nlm.nih.gov/pubmed/24236011
https://doi.org/10.1016/j.jhevol.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26852815
https://doi.org/10.1016/j.jas.2008.04.014
https://doi.org/10.1016/j.jasrep.2017.01.010
https://doi.org/10.1080/0108464x.1984.10589910
https://doi.org/10.1080/0108464x.1984.10589910
https://doi.org/10.7152/bippa.v26i0.11989
https://doi.org/10.1002/gea.20280
https://doi.org/10.1016/j.jasrep.2016.05.002
https://doi.org/10.17746/1563-0102.2015.43.4.033-045
https://doi.org/10.1016/j.jhevol.2007.12.007
http://www.ncbi.nlm.nih.gov/pubmed/18499228
https://doi.org/10.1525/aa.1999.101.2.322
https://doi.org/10.1525/aa.1999.101.2.322
https://doi.org/10.1073/pnas.2014657118
https://doi.org/10.1073/pnas.2014657118
http://www.ncbi.nlm.nih.gov/pubmed/34161257

PLO\Sﬁ\\.- One

52. Brantingham PJ, Krivoshapkin Al, Jinzeng L, Tserendagva YA. The initial upper paleolithic in Northeast Asia. Curr Anthropol. 2001;42(5):735-47.
https://doi.org/10.1086/323817

53. [epessaHko All, MeTpuH BT, Pbi6rH EM, YeBankos JIM. Maneonutuyeckne KOMNeKCbl CTpatMdumumpoBaHHom YacTu ctoaHKn Kapa-bom (Paleolithic com-
plex at the stratified site of Kara-Bom). HoBocn6upck: VHcTUTyT apxeonorum n stHorpadun Cnbrpckoro otaeneHns Poccuiickonn akagemmn Hayk. 1998.

54. Rybin EP, Belousova NE, Derevianko AP, Douka K, Higham T. The Initial Upper Paleolithic of the Altai: New radiocarbon determinations for the
Kara-Bom site. J Hum Evol. 2023;185:103453. https://doi.org/10.1016/j.jhevol.2023.103453 PMID: 37931353

55. Zwyns N. The Initial Upper Paleolithic in Central and East Asia: Blade Technology, Cultural Transmission, and Implications for Human Dispersals. J
Paleo Arch. 2021;4(3). https://doi.org/10.1007/s41982-021-00085-6

56. Krivoshapkin Al, Kuzmin YV, Jull AJT. Chronology of the Obi-Rakhmat Grotto (Uzbekistan): First Results on the Dating and Problems of the Paleo-
lithic Key Site in Central Asia. Radiocarbon. 2010;52(2):549-54. https://doi.org/10.1017/s0033822200045586

57. Skinner AR, Blackwell BAB, Mian A, Baboumian SM, Blickstein JIB, Wrinn PJ, et al. ESR analyses on tooth enamel from the Paleolithic lay-
ers at the Obi-Rakhmat hominid site, Uzbekistan: Tackling a dating controversy. Radiation Measurements. 2007;42(6—7):1237—42. https://doi.
org/10.1016/j.radmeas.2007.05.033

58. KpusowankuH AW, KypbaHos PH, TomceH K, Kono6osa KA, LLHanaep CB, Mioppeii 3C. MNepBble pe3ynbTaTbl NIOMUHECLEHTHOTO AaTMpOoBaHuA [poTa
O6u-Paxmart (Y36ekunctan)/ First results of luminescence dating of the Obi-Rahmat Grotto (Uzbekistan). In: 3asosckan 301, 3apeukas HE, Kapvmos
TA, editors. Teaucbl JOKNAAOB BCEPOCCMINCKON HayUYHOI KOHbepeHLM (C MeXayHapoaHbIM yuacTriem) «[eoXpoHONorua YeTBepTMUHOTO neproga:
WHCTPYMEHTasbHble METOAbI JaTUPOBAHUA HOBENLWINX OTNOXeHUY, noceaweHHon 90-neTuio co aHA poxaeHna J1I, Cynepxuukoro. Mocksa; 2019. pp.
109. https://istina.cemi-ras.ru/collections/194683282/?&p=2

59. Patou-Mathis M, Crépin L, Julien M-A, Kolobova K, Krivoshapkin A. Past human adaptations in Central Asia and the peopling of Eurasia: Insights
from a multidisciplinary investigation of the Obi-Rakhmat site (Uzbekistan). In: Gaudzinski-Windheuser S, Joris O, editors. The Beef behind all
Possible Pasts, The Tandem-Festschrift in Honour of Elaine Turner and Martin Street. Mainz: RGZM; 2021. pp. 103-16.

60. Wrinn PJ. The faunal remains from Obi-Rakhmat (1998 — 2002 seasons). In: Derevianko AP, editor. Obi-Rakhmat Grotto. Novosibirsk: Institute of
Archaeology and Ethnography Press; 2004. pp. 159-89.

61. Kulkova IA. Palynological characteristics of the Obi-Rakhmat grotto sediments. In: Derevianko AP, editor. Obi-Rakhmat Grotto. Novosibirsk: Insti-
tute of Archaeology and Ethnography Press; 2004. pp. 117-27.

62. Bailey S, Glantz M, Weaver TD, Viola B. The affinity of the dental remains from Obi-Rakhmat Grotto, Uzbekistan. J Hum Evol. 2008;55(2):238—48.
https://doi.org/10.1016/j.jhevol.2008.03.004 PMID: 18486185

63. Glantz MM, Viola B, Chikisheva T. New hominid remains from Obi-Rakhmat grotto. In: Derevianko AP, editor. Obi-Rakhmat Grotto. Novosibirsk:
Institute of Archaeology and Ethnography Press; 2004. pp. 77-99.

64. Smith TM, Reid DJ, Olejniczak AJ, Bailey S, Glantz M, Viola B, et al. Dental Development and Age at Death of a Middle Paleolithic Juvenile
Hominin from Obi-Rakhmat Grotto, Uzbekistan. In: Condemi S, Weniger G-C, editors. Continuity and Discontinuity in the Peopling of Europe, One
Hundred Fifty Years of Neanderthal Study. Dordrecht: Springer; 2011. pp. 155-163.

65. Baumann M, Girya E, Crépin L, Julien M-A, Rendu W, Saifullaev B, et al. Middle Paleolithic bone industry in Central Asia, first evidence from
Obi-Rakhmat Grotto (Uzbekistan). J Archaeol Sci: Rep. 2025;61:104961. https://doi.org/10.1016/j.jasrep.2024.104961

66. [epesaHko All, KpusowankuH AU, AHoiikuH AA, BpuHH M1, icnamos YW. KameHHas nHaycTpua O6u-Paxmar. In: epesanko All, editor. pot O6u-
Paxmat. HoBocnbupck: U3p-so MAST CO PAH; 2004. pp. 5-33.

67. Moss EH, Newcomer MH. Reconstruction of tool use at Pincevent: microwear and experiments. In: Cahen D, editor. Tailler! Pourquoi faire: Préhis-
toire et technologie lithique. Tervuren: Musée Royal de I'Afrique Centrale; 1982. pp. 289-312.

68. Kolobova KA, Fedorchenko AY, Basova NV, Postnov AV, Kovalev VS, Chistyakov PV, et al. The Use of 3D-Modeling for Reconstructing the Appear-
ance and Function of Non-Utilitarian Items (the Case of Anthropomorphic Figurines from Tourist-2). Arheol étnogr antropol Evrazii. 2020;47(4):66—
76. https://doi.org/10.17746/1563-0110.2019.47.4.066-076

69. Grosman L, Muller A, Dag |, Goldgeier H, Harush O, Herzlinger G, et al. Artifact3-D: New software for accurate, objective and efficient 3D analysis
and documentation of archaeological artifacts. PLoS One. 2022;17(6):€0268401. https://doi.org/10.1371/journal.pone.0268401 PMID: 35709137

70. Barton RNE, Bergman CA. Hunters at Hengistbury: some evidence from experimental archaeology. World Archaeol. 1982;14(2):237—-48. https://
doi.org/10.1080/00438243.1982.9979864

71. Odell GH, Cowan F. Experiments with Spears and Arrows on Animal Targets. J Field Archaeol. 1986;13(2):195-212. https://doi.
org/10.1179/009346986791535780

72. Fischer A. Hunting with flint-tipped arrows: results and experiences from practical experiments. In: Bonsall C, editor. The Mesolithic in Europe.
Endimburgh: John Donald; 1990. pp. 29-39.

73. Yaroshevich A, Zaidner Y, Weinstein-Evron M. Projectile Damage and Point Morphometry at the Early Middle Paleolithic Misliya Cave, Mount Car-
mel (Israel): Preliminary Results and Interpretations. In: lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age Weap-
onry. Dordrecht: Springer Netherlands; 2016. pp. 119-134. https://doi.org/10.1007/978-94-017-7602-8_8

74. Coppe J, Lepers C, Rots V. Projectiles Under a New Angle: a Ballistic Analysis Provides an Important Building Block to Grasp Paleolithic Weapon
Technology. J Archaeol Method Theory. 2022;29(4):1131-57. https://doi.org/10.1007/s10816-022-09551-z

PLOS One | https://doi.org/10.1371/journal.pone.0328390  August 11, 2025 29/33



https://doi.org/10.1086/323817
https://doi.org/10.1016/j.jhevol.2023.103453
http://www.ncbi.nlm.nih.gov/pubmed/37931353
https://doi.org/10.1007/s41982-021-00085-6
https://doi.org/10.1017/s0033822200045586
https://doi.org/10.1016/j.radmeas.2007.05.033
https://doi.org/10.1016/j.radmeas.2007.05.033
https://istina.cemi-ras.ru/collections/194683282/?&p=2
https://doi.org/10.1016/j.jhevol.2008.03.004
http://www.ncbi.nlm.nih.gov/pubmed/18486185
https://doi.org/10.1016/j.jasrep.2024.104961
https://doi.org/10.17746/1563-0110.2019.47.4.066-076
https://doi.org/10.1371/journal.pone.0268401
http://www.ncbi.nlm.nih.gov/pubmed/35709137
https://doi.org/10.1080/00438243.1982.9979864
https://doi.org/10.1080/00438243.1982.9979864
https://doi.org/10.1179/009346986791535780
https://doi.org/10.1179/009346986791535780
https://doi.org/10.1007/978-94-017-7602-8_8
https://doi.org/10.1007/s10816-022-09551-z

PLO\Sﬁ\\.- One

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Chadelle JP, Geneste JM, Plisson H. Technologie fonctionnelle des pointes de projectiles solutréennes. In: Service régional de I'archéologie, editor.
Bilan scientifique Aquitaine 1996. Bordeaux: Ministére de la Culture. 1997. pp. 142-3.

Chadelle JP, Geneste JM, Plisson H. Technologie fonctionnelle des pointes de projectiles solutréennes. In: Service régional de I'archéologie, editor.
Bilan scientifique Aquitaine 1995. Bordeaux: Ministére de la Culture. 1996. pp. 131-2.

Chadelle JP, Geneste JM, Plisson H. Technologie fonctionnelle des pointes de projectile solutréennes. In: Service Régional de I'Archéologie, editor.
Bilan scientifique Aquitaine 1994. Bordeaux: Ministére de la Culture. 1995. pp. 130.

Chaptal F. A la recherche des chasseurs solutréens. Archéologia. 1989;246:40-7.

Geneste J-M, Maury S. Contributions of Multidisciplinary Experimentation to the Study of Upper Paleolithic Projectile Points. In: Knecht H, editor.
Projectile Technology. Boston, MA: Springer US; 1997. pp. 165-189. https://doi.org/10.1007/978-1-4899-1851-2_7

Le temps des chasseurs solutréens. ADDC Archéolud; Delta image; France 3 Aquitaine; Vision Age. 1998. Available from: https://www.canal-u.tv/
chaines/cerimes/le-temps-des-chasseurs-solutreens

Pétillon J-M, Bignon O, Bodu P, Cattelain P, Debout G, Langlais M, et al. Hard core and cutting edge: experimental manufacture and use of Magda-
lenian composite projectile tips. J Archaeol Sci. 2011;38(6):1266—83. https://doi.org/10.1016/j.jas.2011.01.002

Plisson H, Beyries S. Pointes ou outils triangulaires ? Données fonctionnelles dans le Moustérien levantin [suivi des] Commentaires de J. Shea, A.
Marks, J-M Geneste et de la réponse des auteurs. paleo. 1998;24(1):5-24. https://doi.org/10.3406/paleo.1998.4666

Ashby E. Ashby Bowhunting Reports - Momentum, Kinetic Energy, and Arrow Penetration (And What They Mean for the Bowhunter). 2005 pp. 26.
Available from: https://www.ashbybowhunting.org/ashby-reports

Pettigrew DB, Bamforth DB. On the (Non-)Scalability of Target Media for Evaluating the Performance of Ancient Projectile Weapons. Open
Archaeol. 2023;9(1). https://doi.org/10.1515/opar-2022-0295

Pastoors A. Standardization and individuality in the production process of bifacial tools — leaf-shaped scrapers from the middle Paleolithic open air
site Sare Kaya | (Crimea). In: Orschiedt J, Weniger C, editors. Neanderthals and Modern Humans — Discussing the Transition Central and Eastern
Europe from 50000 — 30000 BP. Neanderthal Museum; 2000. pp. 243-55.

Kot MA. The earliest Palaeolithic bifacial leafpoints in Central and Southern Europe: Techno-functional approach. Quat Int. 2014;326-327:381-97.
https://doi.org/10.1016/j.quaint.2013.10.030

Gravel-Miguel C, Murray JK, Schoville BJ, Wren CD, Marean CW. Exploring variability in lithic armature discard in the archaeological record. J
Hum Evol. 2021;155:102981. https://doi.org/10.1016/j.jhevol.2021.102981 PMID: 33848696

Chadelle JP, Geneste JM, Plisson H. Processus fonctionnels de formation des assemblages technologiques dans les sites du Paléolithique
supérieur. Les pointes de projectiles lithiques du Solutréen de la grotte de Combe Sauniére (Dordogne, France). 25 ans d’études technologiques
en Préhistoire Bilan et perspectives. Juan-les-Pins: APDCA; 1991. pp. 275-87.

Zhilin M, Ruev V. Use-wear traces on Mesolithic slotted bone arrowheads from the Volga-Oka interfluve, European Russia. J Archaeol Sci: Rep.
2025;61:104921. https://doi.org/10.1016/j.jasrep.2024.104921

Slimak L, Giraud Y, Metz L, Yvorra P. Des derniers néandertaliens aux premiers hommes modernes en France méditerranéenne. Aix en Provence:
Artisanats et Territoires; 2021.

lovita R, Schénekel H, Gaudzinski-Windheuser S, Jager F. Identifying Weapon Delivery Systems Using Macrofracture Analysis and Fracture
Propagation Velocity: A Controlled Experiment. In: lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age Weaponry.
Dordrecht: Springer Netherlands; 2016. pp. 13—27. https://doi.org/10.1007/978-94-017-7602-8_2

Sano K, Denda Y, Oba M. Experiments in Fracture Patterns and Impact Velocity with Replica Hunting Weapons from Japan. In: lovita R, Sano

K, editors. Multidisciplinary Approaches to the Study of Stone Age Weaponry. Dordrecht: Springer Netherlands; 2016. pp. 29-46. https://doi.
org/10.1007/978-94-017-7602-8 3

Guthrie RD. Osseous projectile points: biological considerations affecting raw material and design among paleolithic and paleoindian people. In:
Clutton-Brock J, Grigson C, editors. Animals and Archaeology: Hunters and their Prey. Oxford: B.A.R.; 1983. pp. 273-95.

Coppe J, Taipale N, Rots V. Terminal ballistic analysis of impact fractures reveals the use of spearthrower 31 ky ago at Maisiéres-Canal, Belgium.
Sci Rep. 2023;13(1):18305. https://doi.org/10.1038/s41598-023-45554-w PMID: 37880379

Hughes SS. Getting to the point: Evolutionary change in prehistoric weaponry. J Archaeol Method Theory. 1998;5(4):345-408. https://doi.
org/10.1007/bf02428421

Ashby E. Ashby Bowhunting Reports - Arrow lethality Part V: Predicting Arrow Penetration on Real Animals A First Test of the Tissue Penetration
Index (TPI). 1996. pp. 11. Available from: https://www.ashbybowhunting.org/ashby-reports

Ashby E. Ashby Bowhunting Reports - Arrow Lethality Study Update. 2005. pp. 14. Available from: https://www.ashbybowhunting.org/
ashby-reports

Ashby E. Ashby Bowhunting Reports - Current broadhead testing. 2007 Study Update, Part 6. 2007. pp. 10. Available from: https://www.ashbybow-
hunting.org/ashby-reports

Larsson L. The Loshult arrows: cultural relations and chronology. In: Crombé P, van Strydonck M, Sergant J, Boudin M, Bats M, editors. Chronol-
ogy and Evolution within the Mesolithic of North-West Europe Proceedings of an International Meeting, Cambrige, May 30th—June 1st 2007. 2009.
pp. 131-9.

PLOS One | https://doi.org/10.1371/journal.pone.0328390 August 11, 2025 30/33



https://doi.org/10.1007/978-1-4899-1851-2_7
https://www.canal-u.tv/chaines/cerimes/le-temps-des-chasseurs-solutreens
https://www.canal-u.tv/chaines/cerimes/le-temps-des-chasseurs-solutreens
https://doi.org/10.1016/j.jas.2011.01.002
https://doi.org/10.3406/paleo.1998.4666
https://www.ashbybowhunting.org/ashby-reports
https://doi.org/10.1515/opar-2022-0295
https://doi.org/10.1016/j.quaint.2013.10.030
https://doi.org/10.1016/j.jhevol.2021.102981
http://www.ncbi.nlm.nih.gov/pubmed/33848696
https://doi.org/10.1016/j.jasrep.2024.104921
https://doi.org/10.1007/978-94-017-7602-8_2
https://doi.org/10.1007/978-94-017-7602-8_3
https://doi.org/10.1007/978-94-017-7602-8_3
https://doi.org/10.1038/s41598-023-45554-w
http://www.ncbi.nlm.nih.gov/pubmed/37880379
https://doi.org/10.1007/bf02428421
https://doi.org/10.1007/bf02428421
https://www.ashbybowhunting.org/ashby-reports
https://www.ashbybowhunting.org/ashby-reports
https://www.ashbybowhunting.org/ashby-reports
https://www.ashbybowhunting.org/ashby-reports
https://www.ashbybowhunting.org/ashby-reports

PLO\Sﬁ\\.- One

100.

101.

102.

103.
104.

105.
106.
107.

108.

109.
110.
1.

112.

113.

114.

115.

116.
117.

118.
119.

120.

121.

122.

123.

124.

125.

126.

127.

Marsh EJ, Yebra L, Castro SC, Cortegoso V. Spearthrower or bow? Hafted projectile points from the Americas refine comparative baselines for
tracking projectile technologies. Quat Int. 2024;704:5-16. https://doi.org/10.1016/j.quaint.2023.10.004

Marsh EJ, Llano C, Cortegoso V, Castro S, Yebra L. The bow and arrow in South America. J Anthropol Archaeol. 2023;69:101471. https://doi.
org/10.1016/j.jaa.2022.101471

Shott MJ. Stones and Shafts Redux: The Metric Discrimination of Chipped-Stone Dart and Arrow Points. Am antig. 1997;62(1):86—101. https://doi.
org/10.2307/282380

Thomas DH. Arrowheads and Atlatl Darts: How the Stones Got the Shaft. Am antiq. 1978;43(3):461-72. https://doi.org/10.2307/279405

Klaric L, Ducasse S, Langlais M. Pourquoi 'homme sans arc devrait-il chercher des fleches? Discuter une hypothése non parcimonieuse: le cas
de l'arc a la Grotte Mandrin (Paléolithique supérieur initial). Bulletin de la Société Préhistorique Francaise. 2024;121:7-34.

Leroi-Gourhan A. Evolution et techniques. Lhomme et la matiére. Paris: Albin Michel; 1943.
Ashby E. Ashby Bowhunting Reports - Ultimate Hunting Arrows. 2006. pp. 12. Available from: https://www.ashbybowhunting.org/ashby-reports

Lepers C, Coppe J, Rots V. The propulsion phase of spear-throwers and its implications for understanding prehistoric weaponry. J Archaeol Sci:
Rep. 2024;59:104768. https://doi.org/10.1016/j.jasrep.2024.104768

Whittaker JC. Levers, Not Springs: How a Spearthrower Works and Why It Matters. In: lovita R, Sano K, editors. Multidisciplinary Approaches to
the Study of Stone Age Weaponry. Dordrecht: Springer Netherlands; 2016. pp. 65-74. https://doi.org/10.1007/978-94-017-7602-8_5

Perkins WR. The weighted atlatl and dart: a deceptively complicated mechanical system. Archaeol Mont. 1992;33:65-78.
Klopsteg PE. Physics of bows and arrows. American J Phys. 1943;11:175-92.

Desmond Clark J. Interpretations of Prehistoric Technology from Ancient Egyptian and other Sources. Part Il : Prehistoric arrow forms in Africa as
shown by surviving examples of the traditional arrows of the San Bushmen. paleo. 1975;3(1):127-50. https://doi.org/10.3406/paleo.1975.4193

Ashby E. Ashby Bowhunting Reports - Arrow Lethality Part 4: The Physics of Arrow Penetration. 1996. pp. 8. Available from: https://www.ashby-
bowhunting.org/ashby-reports

Jett SC. The development and distribution of the Blowgun. Ann Assoc Am Geogr. 1970;60(4):662—88. https://doi.org/10.1111/j.1467-8306.1970.
tb00752.x

Hornell J. South Indian Blow-Guns, Boomerangs, and Crossbows. J R Anthropol Inst Great Britain Irel. 1924;54:316. https://doi.
org/10.2307/2843724

Koch JS. A Brief History Of Primitive & Traditional Blowguns. [cited 2 Oct 2024]. Available from: https://alcheminc.com/blowgunhist.
html#:~:text=Blowgun%20darts%20can%20travel%20at%20speeds%200f%200ver%20400%20feet

Speck FG. The cane blowgun in Catawba and southeastern ethnology. Am Anthropol. 1938;40:198—204.

Meyer D. Hunting with Cane: Traditional Cherokee Blowguns and Darts. EXARC J. 2013 [cited 9 Oct 2024]. Available from: https://exarc.net/
issue-2013-3/at/hunting-cane-traditional-cherokee-blowguns-and-darts

Deathblow/2. Wonder; 2019. Available from: https://www.youtube.com/watch?v=g9G9VyfzSF0

Wilkins J, Schoville BJ, Brown KS, Chazan M. Evidence for early hafted hunting technology. Science. 2012;338(6109):942—6. https://doi.
org/10.1126/science.1227608 PMID: 23161998

Wilkins J, Schoville BJ, Brown KS, Chazan M. Kathu Pan 1 points and the assemblage-scale, probabilistic approach: a response to Rots and
Plisson, “Projectiles and the abuse of the use-wear method in a search for impact”. J Archaeol Sci. 2015;54:294-9. https://doi.org/10.1016/].
jas.2014.12.003

Wilkins J, Schoville BJ. Edge Damage on 500-Thousand-Year-Old Spear Tips from Kathu Pan 1, South Africa: The Combined Effects of Spear
Use and Taphonomic Processes. In: lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age Weaponry. Dordrecht:
Springer Netherlands; 2016. pp. 101-117. https://doi.org/10.1007/978-94-017-7602-8 7

Kuman K, Lotter MG, Leader GM. The Fauresmith of South Africa: A new assemblage from Canteen Kopje and significance of the technology in
human and cultural evolution. J Hum Evol. 2020;148:102884. https://doi.org/10.1016/j.jhevol.2020.102884 PMID: 33038748

Sahle Y, Braun DR. Areply to Douze and Delagnes’s “The pattern of emergence of a Middle Stone Age tradition at Gademotta and Kulku-

letti (Ethiopia) through convergent tool and point technologies” [J. Hum. Evol. 91 (2016) 93-121]. J Hum Evol. 2018;125:201-6. https://doi.
org/10.1016/j.jhevol.2016.10.005 PMID: 28089508

Groman-Yaroslavski |, Zaidner Y, Weinstein-Evron M. Complexity and sophistication of Early Middle Paleolithic flint tools revealed through use-

wear analysis of tools from Misliya Cave, Mount Carmel, Israel. J Hum Evol. 2021;154:102955. https://doi.org/10.1016/j.jhevol.2021.102955
PMID: 33831631

Tomasso S, Cnuts D, Mikdad A, Rots V. Changes in hafting practices during the Middle Stone Age at Ifri "’ Ammar. Quat Int. 2020;555:21-32.
https://doi.org/10.1016/j.quaint.2020.03.026

Tomasso S, Rots V. What is the use of shaping a tang? Tool use and hafting of tanged tools in the Aterian of Northern Africa. Archaeol Anthropol
Sci. 2017;10(6):1389—417. https://doi.org/10.1007/s12520-016-0448-3

Villa P, Lenoir M. Hunting weapons of the Middle Stone Age and the Middle Palaeolithic: spear points from Sibudu, Rose Cottage and Bouheben.
South Afr Humanit. 2006;18:89-122.

PLOS One | https://doi.org/10.1371/journal.pone.0328390  August 11, 2025 31/33



https://doi.org/10.1016/j.quaint.2023.10.004
https://doi.org/10.1016/j.jaa.2022.101471
https://doi.org/10.1016/j.jaa.2022.101471
https://doi.org/10.2307/282380
https://doi.org/10.2307/282380
https://doi.org/10.2307/279405
https://www.ashbybowhunting.org/ashby-reports
https://doi.org/10.1016/j.jasrep.2024.104768
https://doi.org/10.1007/978-94-017-7602-8_5
https://doi.org/10.3406/paleo.1975.4193
https://www.ashbybowhunting.org/ashby-reports
https://www.ashbybowhunting.org/ashby-reports
https://doi.org/10.1111/j.1467-8306.1970.tb00752.x
https://doi.org/10.1111/j.1467-8306.1970.tb00752.x
https://doi.org/10.2307/2843724
https://doi.org/10.2307/2843724
https://alcheminc.com/blowgunhist.html#:~:text=Blowgun%20darts%20can%20travel%20at%20speeds%20of%20over%20400%20feet
https://alcheminc.com/blowgunhist.html#:~:text=Blowgun%20darts%20can%20travel%20at%20speeds%20of%20over%20400%20feet
https://exarc.net/issue-2013-3/at/hunting-cane-traditional-cherokee-blowguns-and-darts
https://exarc.net/issue-2013-3/at/hunting-cane-traditional-cherokee-blowguns-and-darts
https://www.youtube.com/watch?v=g9G9VyfzSF0
https://doi.org/10.1126/science.1227608
https://doi.org/10.1126/science.1227608
http://www.ncbi.nlm.nih.gov/pubmed/23161998
https://doi.org/10.1016/j.jas.2014.12.003
https://doi.org/10.1016/j.jas.2014.12.003
https://doi.org/10.1007/978-94-017-7602-8_7
https://doi.org/10.1016/j.jhevol.2020.102884
http://www.ncbi.nlm.nih.gov/pubmed/33038748
https://doi.org/10.1016/j.jhevol.2016.10.005
https://doi.org/10.1016/j.jhevol.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/28089508
https://doi.org/10.1016/j.jhevol.2021.102955
http://www.ncbi.nlm.nih.gov/pubmed/33831631
https://doi.org/10.1016/j.quaint.2020.03.026
https://doi.org/10.1007/s12520-016-0448-3

PLO\Sﬁ\\.- One

128.

129.

130.

131.

132.
133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.
145.

146.

147.

148.

149.

150.

151.

152.

1563.

154.

Rots V. Insights into early Middle Palaeolithic tool use and hafting in Western Europe. The functional analysis of level lla of the early Middle
Palaeolithic site of Biache-Saint-Vaast (France). J Archaeol Sci. 2013;40(1):497-506. https://doi.org/10.1016/j.jas.2012.06.042

Coudenneau A. Eléments triangulaires et armes de chasse au Paléolithique moyen: Constats et réflexions & travers I'étude techno-morpho-
fonctionnelle de quatre séries d’Europe occidentale. These de doctorat, Aix-Marseille. 2013. Available from: https://theses.fr/2013AIXM3092

Goval E, Hérisson D, Locht J-L, Coudenneau A. Levallois points and triangular flakes during the Middle Palaeolithic in northwestern Europe:
Considerations on the status of these pieces in the Neanderthal hunting toolkit in northern France. Quat Int. 2016;411:216-32. https://doi.
org/10.1016/j.quaint.2015.04.039

Locht JL, Coutard S, Soressi M, Kieffer D, Koehler H, Debenham N. Angé (Loir-et-Cher): un site moustérien a influences multiples. In: Depaepe
P, Goval E, Koehler H, Locht JL, editors. Les plaines du Nord-Ouest: carrefour de 'Europe au Paléolithique moyen? 2015. pp. 102-25.

Soressi M, Locht JL. Les armes de chasse de Néandertal. Premiére analyse des pointes moustériennes d’Angé. Archéopages. 2010;28:6—11.

Locht JL. Bettencourt-Saint-Ouen (Somme), cing occupations paléolithiques au début de la derniére glaciation. Maison des Sciences de
’'Homme. 2002.

Lombard M. Distribution Patterns of Organic Residues on Middle Stone Age Points from Sibudu Cave, Kwazulu-Natal, South Africa. South Afr
Archaeol Bull. 2004;59(180):37. https://doi.org/10.2307/3889241

Lombard M. Finding resolution for the Howiesons Poort through the microscope: micro-residue analysis of segments from Sibudu Cave, South
Africa. J Archaeol Sci. 2008;35(1):26—41. https://doi.org/10.1016/j.jas.2007.02.021

Lombard M. Quartz-tipped arrows older than 60 ka: further use-trace evidence from Sibudu, KwaZulu-Natal, South Africa. J Archaeol Sci.
2011;38: 1918-30.https://doi.org/10.1016/j.jas.2011.04.001

Lombard M, Parsons I, van der Ryst MM. Middle Stone Age lithic point experimentation for macro-fracture and residue analyses: the process and
preliminary results with reference to Sibudu Cave points. South Afr J Sci. 2004;100:159-66.

Villa P, Delagnes A, Wadley L. A late Middle Stone Age artifact assemblage from Sibudu (KwaZulu-Natal): comparisons with the European Middle
Paleolithic. J Archaeol Sci. 2005;32(3):399—422. https://doi.org/10.1016/j.jas.2004.11.007

Delagnes A, Wadley L, Villa P, Lombard M. Crystal quartz backed tools from the Howiesons Poort at Sibudu Cave. South Afr Humanit.
2006;18:43-56. https://doi.org/10.10520/EJC84772

Backwell L, d’Errico F, Wadley L. Middle Stone Age bone tools from the Howiesons Poort layers, Sibudu Cave, South Africa. J Archaeol Sci.
2008;35(6):1566—-80. https://doi.org/10.1016/j.jas.2007.11.006

Backwell L, Bradfield J, Carlson KJ, Jashashvili T, Wadley L, d’Errico F. The antiquity of bow-and-arrow technology: evidence from Middle Stone
Age layers at Sibudu Cave. Antiquity. 2018;92(362):289-303. https://doi.org/10.15184/aqy.2018.11

Wadley L, Mohapi M. A Segment is not a Monolith: evidence from the Howiesons Poort of Sibudu, South Africa. J Archaeol Sci. 2008;35(9):2594—
605. https://doi.org/10.1016/j.jas.2008.04.017

d’Errico F, Backwell LR, Wadley L. Identifying regional variability in Middle Stone Age bone technology: The case of Sibudu Cave. J Archaeol Sci.
2012;39(7):2479-95. https://doi.org/10.1016/j.jas.2012.01.040

De La Pefia P, Wadley L, Lombard M. Quartz bifacial points in the Howiesons Poort of Sibudu. South Afr Archaeol Bull. 2013;68:119-36.

Rots V, Lentfer C, Schmid VC, Porraz G, Conard NJ. Pressure flaking to serrate bifacial points for the hunt during the MIS5 at Sibudu Cave
(South Africa). PLoS One. 2017;12(4):e0175151. https://doi.org/10.1371/journal.pone.0175151 PMID: 28445544

Binneman JN. A unique stone tipped arrowhead from Adam’s Kranz Cave, Eastern Cape. South Afr Field Archaeol. 1994;3:58-60.

Backwell L, d’Errico F. Osseous Projectile Weaponry from Early to Late Middle Stone Age Africa. In: Langley MC, editor. Osseous Projec-
tile Weaponry: Towards an Understanding of Pleistocene Cultural Variability. Dordrecht: Springer Netherlands; 2016. pp. 15-29. https://doi.
0rg/10.1007/978-94-024-0899-7_2

Lombard M. Testing for poisoned arrows in the Middle Stone Age: A tip cross-sectional analysis of backed microliths from southern Africa. J
Archaeol Sci: Rep. 2020;34:102630. https://doi.org/10.1016/j.jasrep.2020.102630

Mellars P, Gori KC, Carr M, Soares PA, Richards MB. Genetic and archaeological perspectives on the initial modern human colonization of south-
ern Asia. Proc Natl Acad Sci U S A. 2013;110(26):10699—704. https://doi.org/10.1073/pnas.1306043110 PMID: 23754394

Metz L. Néandertal en armes?: des armes, et de 'arc, au tournant du 50eme millénaire en France méditerranéenne. These de doctorat,
Aix-Marseille. 2015. Available from: https://theses.fr/2015AIXM3125

Metz L. Bows and arrows 50,000 years ago . . . The third Man. The prehistory of the Altai. Paris: Editions de la Réunion des musées nationaux.
2017. pp. 156-9.

Slimak L, Zanolli C, Higham T, Frouin M, Schwenninger J-L, Arnold LJ, et al. Modern human incursion into Neanderthal territories 54,000 years
ago at Mandrin, France. Sci Adv. 2022;8(6):eabj9496. https://doi.org/10.1126/sciadv.abj9496 PMID: 35138885

Slimak L, Vimala T, Seguin-Orlando A, Metz L, Zanolli C, Joannes-Boyau R, et al. Long genetic and social isolation in Neanderthals before their
extinction. Cell Genom. 2024;4(9):100593. https://doi.org/10.1016/j.xgen.2024.100593 PMID: 39265525

Slimak L. The three waves: Rethinking the structure of the first Upper Paleolithic in Western Eurasia. PLoS One. 2023;18(5):e0277444. https://
doi.org/10.1371/journal.pone.0277444 PMID: 37134082

PLOS One | https://doi.org/10.1371/journal.pone.0328390 August 11, 2025 32/33



https://doi.org/10.1016/j.jas.2012.06.042
https://theses.fr/2013AIXM3092
https://doi.org/10.1016/j.quaint.2015.04.039
https://doi.org/10.1016/j.quaint.2015.04.039
https://doi.org/10.2307/3889241
https://doi.org/10.1016/j.jas.2007.02.021
https://doi.org/10.1016/j.jas.2011.04.001
https://doi.org/10.1016/j.jas.2004.11.007
https://doi.org/10.10520/EJC84772
https://doi.org/10.1016/j.jas.2007.11.006
https://doi.org/10.15184/aqy.2018.11
https://doi.org/10.1016/j.jas.2008.04.017
https://doi.org/10.1016/j.jas.2012.01.040
https://doi.org/10.1371/journal.pone.0175151
http://www.ncbi.nlm.nih.gov/pubmed/28445544
https://doi.org/10.1007/978-94-024-0899-7_2
https://doi.org/10.1007/978-94-024-0899-7_2
https://doi.org/10.1016/j.jasrep.2020.102630
https://doi.org/10.1073/pnas.1306043110
http://www.ncbi.nlm.nih.gov/pubmed/23754394
https://theses.fr/2015AIXM3125
https://doi.org/10.1126/sciadv.abj9496
http://www.ncbi.nlm.nih.gov/pubmed/35138885
https://doi.org/10.1016/j.xgen.2024.100593
http://www.ncbi.nlm.nih.gov/pubmed/39265525
https://doi.org/10.1371/journal.pone.0277444
https://doi.org/10.1371/journal.pone.0277444
http://www.ncbi.nlm.nih.gov/pubmed/37134082

PLO\Sﬁ\\.- One

155.

156.

157.

158.
159.

160.

161.

162.

163.

164.

165.

166.

167.
168.
169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Sanchez-Yustos P, Marin-Arroyo AB, Arnold LJ, Luque L, Kehl M, Lopez-Saez JA, et al. Initial Upper Palaeolithic lithic industry at Cueva Millan in
the hinterlands of Iberia. Sci Rep. 2024;14(1):21705. https://doi.org/10.1038/s41598-024-69913-3 PMID: 39333171

Carmignani L, Soressi M, Ronchitelli A, Boschin F. IUP Technological Signatures or Mousterian Variability? The Case of Riparo I'Oscurusciuto
(Southern ltaly). J Paleo Arch. 2024;7(1). https://doi.org/10.1007/s41982-024-00196-w

Villa P, Boscato P, Ranaldo F, Ronchitelli A. Stone tools for the hunt: points with impact scars from a Middle Paleolithic site in southern Italy. J
Archaeol Sci. 2009;36(3):850-9. https://doi.org/10.1016/j.jas.2008.11.012

Shea J, Sisk M. Complex projectile technology and Homo sapiens dispersal into Western Eurasia. PaleoAnthropology. 2010;2010:100-22.

Douka K, Bergman CA, Hedges REM, Wesselingh FP, Higham TFG. Chronology of Ksar Akil (Lebanon) and implications for the colonization of
Europe by anatomically modern humans. PLoS One. 2013;8(9):e72931. https://doi.org/10.1371/journal.pone.0072931 PMID: 24039825

Hershkovitz |, Marder O, Ayalon A, Bar-Matthews M, Yasur G, Boaretto E, et al. Levantine cranium from Manot Cave (Israel) foreshadows the first
European modern humans. Nature. 2015;520(7546):216-9. https://doi.org/10.1038/nature14134 PMID: 25629628

Berna F, Boaretto E, Wiebe MC, Goder-Goldberger M, Abulafia T, Lavi R, et al. Site formation processes at Manot Cave, Israel: Interplay between
strata accumulation in the occupation area and the talus. J Hum Evol. 2021;160:102883. https://doi.org/10.1016/j.jhevol.2020.102883 PMID:
33070987

Buchanan B, Hamilton MJ, Macdonald D, Blinkhorn J, Groucutt HS, Eren MI, et al. Geometric Morphometric Analyses of Levallois Points from the
Levantine Middle Paleolithic do not Support Functional Specialization. Lithic Technol. 2023;48(4):437-51. https://doi.org/10.1080/01977261.2023.
2208930

Martin-Viveros JI, Oron M, Ollé A, Chacon MG, Sharon G. Butchering knives and hafting at the Late Middle Paleolithic open-air site of Nahal
Mahanayeem Outlet (NMO), Israel. Sci Rep. 2023;13(1):112. https://doi.org/10.1038/s41598-022-27321-5 PMID: 36596848

Yaroshevich A, Oron M, Sharon G. Big-game hunting during the late Middle Paleolithic in the Levant: Insights into technology and behavior from
Nahal Mahanayeem Outlet, Upper Jordan River, israel. J Archaeol Sci: Rep. 2023;47:103777. https://doi.org/10.1016/j.jasrep.2022.103777

Vallini L, Zampieri C, Shoaee MJ, Bortolini E, Marciani G, Aneli S, et al. The Persian plateau served as hub for Homo sapiens after the main out
of Africa dispersal. Nat Commun. 2024;15(1):1882. https://doi.org/10.1038/s41467-024-46161-7 PMID: 38528002

Shoaee MJ, Breeze PS, Drake NA, Hashemi SM, Vahdati Nasab H, Breitenbach SFM, et al. Defining paleoclimatic routes and opportunities for
hominin dispersals across Iran. PLoS One. 2023;18(3):e0281872. https://doi.org/10.1371/journal.pone.0281872 PMID: 36857333

Simondon G. On the mode of existence of technical objects. 1st ed. Washington: Univocal Publishing; 2017.

Simondon G. Du mode d’existence des objets techniques. Paris: Aubier; 1958.

Glantz M, Van Arsdale A, Temirbekov S, Beeton T. How to survive the glacial apocalypse: Hominin mobility strategies in late Pleistocene Central
Asia. Quat Int. 2018;466:82—92. https://doi.org/10.1016/j.quaint.2016.06.037

MnaHy M, Buona b, Yuknwesa TA. HoBble ocTaHKn romnHngos u3 rpota O6u-Paxmat/ New hominid remains from the Obi-Rahmat Grotto. In:
[Nepesaxko All, editor. [pot O6u-Paxmat. HoBocmbupck: M3a-so MAST CO PAH; 2004. pp. 77-99.

Gicqueau A, Schuh A, Henrion J, Viola B, Partiot C, Guillon M, et al. Anatomically modern human in the Chatelperronian hominin collection
from the Grotte du Renne (Arcy-sur-Cure, Northeast France). Sci Rep. 2023;13(1):12682. https://doi.org/10.1038/s41598-023-39767-2 PMID:
37542146

Teyssandier N. Les débuts de I'’Aurignacien dans leur cadre européen: ou en est-on? Gall Préhistoire. 2023:63. https://doi.org/10.4000/
galliap.4126

Gravina B, Bachellerie F, Caux S, Discamps E, Faivre J-P, Galland A, et al. No Reliable Evidence for a Neanderthal-Chatelperronian Association
at La Roche-a-Pierrot, Saint-Césaire. Sci Rep. 2018;8(1):15134. https://doi.org/10.1038/s41598-018-33084-9 PMID: 30310091

Douka K, Slon V, Jacobs Z, Ramsey CB, Shunkov MV, Derevianko AP, et al. Age estimates for hominin fossils and the onset of the Upper Palaeo-
lithic at Denisova Cave. Nature. 2019;565(7741):640—4. https://doi.org/10.1038/s41586-018-0870-z PMID: 30700871

Zavala El, Jacobs Z, Vernot B, Shunkov MV, Kozlikin MB, Derevianko AP, et al. Pleistocene sediment DNA reveals hominin and faunal turnovers
at Denisova Cave. Nature. 2021;595(7867):399—403. https://doi.org/10.1038/s41586-021-03675-0 PMID: 34163072

Lombard M, Wadley L. Hunting Technologies During the Howiesons Poort at Sibudu Cave: What They Reveal About Human Cognition in
KwaZulu-Natal, South Africa, Between ~65 and 62 ka. In: lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age Weap-
onry. Dordrecht: Springer Netherlands; 2016. pp. 273-86. https://doi.org/10.1007/978-94-017-7602-8 19

Scerri EML, Thomas MG, Manica A, Gunz P, Stock JT, Stringer C, et al. Did Our Species Evolve in Subdivided Populations across Africa, and
Why Does It Matter? Trends Ecol Evol. 2018;33(8):582—94. https://doi.org/10.1016/j.tree.2018.05.005 PMID: 30007846

Meignen L. Levantine Perspectives on the Middle to Upper Paleolithic “Transition”. Archaeol Ethnol Anthropol Eurasia. 2012;40(3):12-21. https://
doi.org/10.1016/j.aeae.2012.11.003

PLOS One | https://doi.org/10.1371/journal.pone.0328390  August 11, 2025 33/33



https://doi.org/10.1038/s41598-024-69913-3
http://www.ncbi.nlm.nih.gov/pubmed/39333171
https://doi.org/10.1007/s41982-024-00196-w
https://doi.org/10.1016/j.jas.2008.11.012
https://doi.org/10.1371/journal.pone.0072931
http://www.ncbi.nlm.nih.gov/pubmed/24039825
https://doi.org/10.1038/nature14134
http://www.ncbi.nlm.nih.gov/pubmed/25629628
https://doi.org/10.1016/j.jhevol.2020.102883
http://www.ncbi.nlm.nih.gov/pubmed/33070987
https://doi.org/10.1080/01977261.2023.2208930
https://doi.org/10.1080/01977261.2023.2208930
https://doi.org/10.1038/s41598-022-27321-5
http://www.ncbi.nlm.nih.gov/pubmed/36596848
https://doi.org/10.1016/j.jasrep.2022.103777
https://doi.org/10.1038/s41467-024-46161-7
http://www.ncbi.nlm.nih.gov/pubmed/38528002
https://doi.org/10.1371/journal.pone.0281872
http://www.ncbi.nlm.nih.gov/pubmed/36857333
https://doi.org/10.1016/j.quaint.2016.06.037
https://doi.org/10.1038/s41598-023-39767-2
http://www.ncbi.nlm.nih.gov/pubmed/37542146
https://doi.org/10.4000/galliap.4126
https://doi.org/10.4000/galliap.4126
https://doi.org/10.1038/s41598-018-33084-9
http://www.ncbi.nlm.nih.gov/pubmed/30310091
https://doi.org/10.1038/s41586-018-0870-z
http://www.ncbi.nlm.nih.gov/pubmed/30700871
https://doi.org/10.1038/s41586-021-03675-0
http://www.ncbi.nlm.nih.gov/pubmed/34163072
https://doi.org/10.1007/978-94-017-7602-8_19
https://doi.org/10.1016/j.tree.2018.05.005
http://www.ncbi.nlm.nih.gov/pubmed/30007846
https://doi.org/10.1016/j.aeae.2012.11.003
https://doi.org/10.1016/j.aeae.2012.11.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

