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Abstract
This study presents an analysis of a small cluster of blades/bladelets discovered during a rescue excavation at the Middle/Late 
Gravettian site of Milovice IV, Czech Republic. The cluster is comprised of 29 artefacts, both retouched and unretouched. 
The specific context suggests that the items were originally bundled together in a container made of a perishable material. 
The artefacts were made from raw materials of diverse origins. Techno-typological and use-wear analyses reveal a variety 
of tool types and activities, indicating that the cluster underwent a complex history of use and recycling. A substantial share 
of the assemblage exhibited fractures typically associated with projectiles, while other tools showed evidence of cutting, 
scraping, and drilling. The cluster can be interpreted as personal gear used during hunting expeditions, regularly maintained 
and occasionally modified until its eventual discard or loss in a residential camp. The use of small and broken pieces and 
spalls also indicates that at some point the personal gear was treated economically, likely due to a pressing shortage of raw 
materials during hunting or migration trips. The variety of raw materials reflects the mobility range or network of contacts 
of the individual.
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Introduction

Palaeolithic archaeology faces several challenges related to 
low-resolution data, uneven distribution of sites across the 
landscape and chronological issues. These are all influenced 

by the (in)accuracy of dating methods, preservation and 
sampling biases, long-term occupation of archaeological 
sites resulting in palimpsest assemblages, post-depositional 
processes, and the relatively weak material traces left by 
Palaeolithic hunter-gatherer societies. (e.g. Aubry et al., 
2011; Bailey, 2007; Binford, 1981; Boemke et al., 2023; 
Maier & Zimmermann, 2017; Shiffer, 1987; Škrdla, 2006; 
Tomasso & Rots, 2021; Vencl, 2004). All of these limita-
tions provide only a vague image of the economy, ecology 
or even social structure of Palaeolithic groups, while any 
changes in their behaviour will only become apparent over 
longer periods of time (Kelly, 1983). Insight into the lives of 
individuals is extremely rare for the Palaeolithic (Gamble & 
Porr, 2005). The individual histories might be best studied 
through detailed, multidisciplinary assessment of well-pre-
served skeletal remains (e.g. Einwögerer et al., 2006; For-
micola et al., 2001; Formicola & Buzhilova, 2004; Higgins 
et al., 2024; Pettitt et al., 2003; Teschler-Nicola et al., 2006, 
2020; Trinkaus & Svoboda, 2006; Trinkaus et al., 2014; 
Zilhão & Trinkaus, 2002). Any attempts to reveal personal 
or even communal histories from artefacts are challenging 
and usually limited to short episodes of their life. These 
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depend to a great extent on the find context such as grave 
goods (Kaudela, 2024; Vanhaeren & d'Errico, 2005), toolkits 
(Edwards, 2007) or through a study of chaîne opératoire 
on clearly single event sites (e.g. Sharon & Oron, 2014) or 
palimpsests where the individual(s) are represented as agents 
of all choices and activities (Gamble & Porr, 2005; Tomasso 
& Rots, 2021).

This study provides rare insight into an episode in the life of 
a Middle/Late Gravettian hunter-gatherer through the analysis 
of a cluster of lithic artefacts (Fig. 2a) discovered during the 
rescue excavation of the archaeological site of Milovice IV, 
Czech Republic (Novák et al., 2024). The cluster is comprised 
of 29 blades and bladelets, both retouched and unretouched, 
made from raw materials of varied provenance. The relatively 
well-preserved context of Archaeological Horizon II (AH II) 
from which the cluster originates, along with the characteris-
tics of the cluster itself, suggests that all items were originally 
bundled together, likely within a case made from perishable 
organic material. This assemblage appears to represent a per-
sonal toolkit that was either lost or discarded.

The aim of this study is to examine this unique context 
as a reflection of the mobility, social interactions and daily 
activities of an individual who lived 30,000 years ago.

Background and Context

The archaeological site of Milovice IV (M IV), from where 
studied items originate, is located about 2 km southeast 

of the slopes of the Pavlovské vrchy Hills, south Moravia 
(Fig. 1). It belongs to the broader complex of Gravettian sites 
of different sizes and functions including Dolní Věstonice 
I-III, Pavlov I-VI and Milovice I-III (Svoboda, 2020). The 
geographical location of Milovice IV might be considered 
unusual (Svoboda et al., 2011), as it is situated at the bottom 
of a small valley, approximately 170 m above mean sea level 
(AMSL). This characteristic contrasts with other Gravettian 
sites in the area, which are typically located at elevations of 
200–240 m AMSL and approximately 30–70 m above the 
floodplain, offering a good vantage point over the river val-
ley (Svoboda, 2020).

A rescue archaeological excavation at M IV in 2021 
uncovered a complex stratigraphy spanning from the Early 
Upper Palaeolithic (possibly Aurignacian) to the beginning 
of the Late Gravettian. The exact processes of site formation 
and post-depositional alteration remain subjects of ongo-
ing research and are not yet fully understood at the time of 
writing. These processes likely involved landslides or other 
geological movements which caused the inverse stratigraphy 
observed for some layers. At least three distinct archaeologi-
cal horizons (AH I-III) were recognised (Novák et al., 2024). 
Here, we provide a brief description of AH II (Fig. 2b), the 
context from which the analysed artefacts originate:

The base of AH II is generally defined by a thin black or 
dark grey layer, which was observed across nearly the entire 
excavation area. This thin layer slopes down into a small 
depression containing a fireplace (squares B3 and B4, for M 

Fig. 1   Location of Gravettian sites mentioned in the text, including Milovice IV site, with identified raw material sources; Location of raw mate-
rial sources was based on Cheben & Cheben, 2010; Hanáček & Bubík, 2021; Přichystal, 2013)
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IV, Fig. 3; for more details see Hájek & Novák, 2024). The 
presence of red-burned loess beneath the fireplace indicates 
that at least the bottom part of AH II has remained in situ 
and was not displaced by post-depositional processes. The 
main body of AH II is 10 to 40 cm thick and fills the small 
depression, with the greatest thickness occurring in the area 
above the fireplace. The upper boundary of AH II is rather 
unclear and poorly delimited, in some areas, which gradually 
transitions into sterile loess.

It remains unclear whether the main body of AH II was 
accumulated through anthropogenic processes (e.g. the 
intentional discarding or deposition of waste materials) or 
non-anthropogenic processes (e.g. the flushing of artefacts 
and sediment into the depression) or a combination of both. 
Nevertheless, it seems that the main body of AH II was 
deposited rapidly, likely shortly after—or even during—the 
human occupation of the site. Despite the rapid deposition, 
the process does not appear to have been highly destruc-
tive, as the lowermost part of the horizon with the fireplace 
remains well preserved. The relatively rapid formation might 
be supported by the material homogeneity of the horizon, 
as well as by faunal remains, which sometimes exhibit indi-
vidual body parts still in articulated positions. The density 
and contextual nature of the cluster of 29 blades/bladelets 
further corroborate this interpretation, as the artefacts must 
have still been bound together at the time of deposition. The 
cluster itself was found at the lower part of the AH II.

Charcoal samples collected from different parts of the 
bottom of AH II and as well as from the main body of AH II 
yielded a relatively narrow timespan of human occupation 
between 30,250 and 29,550 cal BP (Novák et al., 2024). 
Lithic artefacts show clear attribution to the Middle-Late 
Gravettian cultural complex (Novák et al., 2024). Faunal 
remains include mainly equids and reindeer. Based on the 
archaeological and faunal material, it can be preliminarily 
concluded that the archaeological material of AH II contains 
products of different activities including camping and activi-
ties connected to the butchering and processing of game.

Material and Methods

The rescue excavation followed the standard methodology 
for Palaeolithic sites (De La Torre et al., 2015), where the 
excavation area was divided into a 1-m square grid (Fig. 3) 
and sediment was collected by sub-squares (50 × 50 cm) in 
5 cm spits for wet sieving. The 3D coordinates of all larger 
artefacts (> 2 cm) discovered during the excavation were 
measured. The blade cluster was found in square D5c at the 
bottom of the main body of AH II (spit 60–65 cm). It was 
recognised immediately as a unique context. The micro exca-
vation was carried out directly on the site in three phases. 

Detailed photo documentation followed each excavation 
phase (Fig. 2a). The position of all items in the cluster was 
recorded by a total station (Pentax W-825NX).

The applied methodological approach aims to understand 
the formation of the cluster as a reflection of the socioeco-
nomic behaviour of its bearer. This ideally includes a full 
analysis of each item’s chaîne opératoire from raw material 
sourcing, blank production, tool shaping, use, re-shaping, 
re-use and recycling (e.g. Andrefsky, 2008; Grace, 1997; 
Soressi & Geneste, 2011). Reconstructing the entire chaîne 
opératoire is challenging when working with a small number 
of artefacts in a specific context and in advanced stages of 
use.

Figures and drawings were created and edited in Adobe 
Illustrator CS6, version 16.0.3 and Adobe Photoshop CS6, 
version 13.0. Geospatial data were analysed and processed 
in QGIS 3.32.2-Lima.

Raw Materials

The raw materials of the blades/bladelets were identified 
through stereomicroscopic observation of their colour, tex-
ture and composition after water immersion (Přichystal, 
2013). In brief, an Olympus SZX12 microscope with a 
magnification range of 7 × to 90 × was used to distinguish 
between different types of chert sand and other rock types. 
Laser ablation-inductively coupled plasma mass spectrom-
etry (LA-ICP-MS) was used to determine the characteris-
tic elemental composition of the blades/bladelets (Moník 
et al., 2025a). The LA-ICP-MS method (Gregar et al., 2025) 
involved determining the levels of 50 major and trace ele-
ments, followed by a complex multivariate statistical analy-
sis to trace the origin of the blades/bladelets (Hamrozi et al., 
2025). The provenance model was based on the elemental 
analysis of 151 reference radiolarites collected from the out-
crops in 1. Northern Calcareous Alps (NCA; AUT), 2. the 
Vienna region (St. Veit Klippen Belt; AUT), 3. Gerecse Mts. 
(HUN), 4. western Slovakia (SVK), 5. Pieniny Mts./Podhale 
Basin (PLN), and 6. Bakony Mts. (HUN). The elemental 
background data for these six regions are publicly available 
at https://​github.​com/​anthr​oposa​rch/​radio​larite_​proje​ct.

Technology and Typology

Technological and typological analyses were performed to 
determine the position of artefacts within the operational 
chains and for the chrono-cultural attribution of assem-
blages. The context of the cluster allows these artefacts to 
be partially regarded as a distinct assemblage within the 
Milovice IV site, possessing its own formation and depo-
sitional history (Schiffer, 1987). Given the limited num-
ber of artefacts and the specific nature of the context, the 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Journal of Paleolithic Archaeology            (2025) 8:24    24   Page 4 of 21

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Paleolithic Archaeology            (2025) 8:24 	 Page 5 of 21     24 

analysis primarily concentrated on the following technologi-
cal aspects:

–	 Identification of the blank type and its placement within 
the reduction sequence (the character of the cores and 
determination of knapping methods and techniques could 
be estimated only to a limited extent).

–	 Tool shaping: stage of production and typological clas-
sification of tools.

–	 Re-shaping and recycling: examined in parallel with use-
wear analysis.

The reconstruction and interpretation of the entire techno-
logical process require comparisons with other assemblages 
from the same period and region (Antl-Weiser et al., 2010; 
Oliva, 2009; Polanská, 2020; Wilczyński, 2016; Wilczyński 
et al., 2015), as well as with the Milovice IV site itself 
(Novák et al., 2024; Svoboda et al., 2011). The analysis was 
conducted considering recent critical re-evaluations of the 
technological characteristics and typical tool types of the 
Late Gravettian in Central Europe (Polanská, 2020; Polanská 
et al., 2021).

Attempts to establish conjoins and refits were made 
among the artefacts within the cluster and, to a limited 
extent, between the cluster and selected artefacts from the 
rest of the excavated area. This specifically applies to items 
recorded by total station, such as burin spalls, burins, and 
broken retouched blade/bladelets. Conjoins and refitting 
were performed after use-wear analysis.

Functional Analysis

The functions of the lithic artefacts were investigated by 
residue and use-wear analyses conducted at DANTE (Diet 
and Ancient Technology Laboratory) at Sapienza University 
of Rome and the Department of Archaeology at the Univer-
sity of Hradec Králové to identify and interpret residue and 
use traces at both the macroscopic and microscopic levels. 
A macrowear analysis was performed using a Zeiss Discov-
ery V20 and Zeiss AxioZoom v16 motorised stereomicro-
scope, in reflected light conditions, providing a magnifica-
tion up to 16 ×. Due to the high degree of white patination, 
microwear analysis was performed only on selected artefacts 
(n = 10) using Zeiss AxioScope A1 metallographic micro-
scope in reflected light conditions equipped with 10 × ocular 
and 10 ×, 20 ×, and 50 × objectives, allowing a magnification 

of 100 × – 500 ×. Criteria for selecting the sample included 
the presence of clearly observed macrowear traces and a 
lower degree of patination.

Residues were poorly preserved due to the prior cleaning. 
Their presence was assessed qualitatively in situ under a 
stereomicroscope and only on those items that were screened 
for use-wear. This was aimed to document adhering past 
contaminants (environmental residues) or the presence of 
functional residues associated to the actual use of the tool 
(Cnuts & Rots, 2024; Cnuts et al., 2022; Tomasso et al., 
2020). The description of the residue, including appear-
ance, colour, distribution, and connection with the use-wear, 
followed the established protocols (Rots et al., 2016). The 
extraction of the residues and analysis of their chemical 
composition will be addressed in a future study.

The analysis and description of macrowear traces fol-
lowed established standards and nomenclature as outlined 
in previous works (Claud et al., 2019; Marreiros et al., 2014; 
Rots, 2010; Tringham et al., 1974; van Gijn, 2010; Zupan-
cich, 2019). Macrowear traces included scarring, character-
ised by features such as position, number of scar generations, 
distribution and organisation, morphology, orientation, ini-
tiation and termination, and dimensions. Edge rounding was 
categorised as high, medium, or low.

Similarly, the analysis of microwear traces adhered to rec-
ognised methodologies and nomenclature (Claud et al., 2019; 
Keeley, 1980; Rots, 2010; van Gijn, 2010; Vaughan, 1985). 
Microwear traces included polish, analysed in terms of texture, 
topography, linkage, localisation, extension, distribution, and 
orientation, as well as striations, characterised by their localisa-
tion, orientation, morphology, bottom profile, depth and width.

Traces associated with hafting, such as a mirror-like 
polish or residues, were documented following established 
criteria (Rots, 2010; Rots et al., 2001; Zupancich, 2019). 
Any other observed residues were also recorded. Transport 
wear represents another important type of evidence which 
can contribute to the interpretation of the mobility patterns. 
Transport wear include a wide range of macroscopic (edge 
rounding, scarring, gloss) and microscopic (bright spots and 
micropolish) alterations, which are randomly distributed on 
the tool surface (Visentin et al., 2025).

Experimental frameworks demonstrated that certain types 
of fractures on lithic artefacts are associated with their use 
as projectiles (Fisher et al., 1984; Yaroshevich et al., 2010). 
They include spin-offs and snap fractures and step terminat-
ing bending fractures (Fig. 7f). Burin-like fractures were 
also observed on projectiles (Yaroshevich et al., 2010, 372). 
This approach was criticized (Coppe & Rots, 2017; Rots & 
Plisson, 2014) since one fracture is usually not sufficient to 
confirm their use as projectiles. Rots (2016) suggested that 
more types of evidence are needed, i.e. several fractures, 
fractures connected to hafting residues, hafting scars, or 
microscopic linear impact traces (MLIT, Fig. 7e).

Fig. 2    a Blade cluster in situ; two phases of micro-excavation; sche-
matic drawings on the left show the exact orientation of artefacts 
within the cluster (with west–east orientation, view from the top), 
artefacts with uncertain orientation are not depicted. b Blade cluster 
projected with other artefacts from AH I and AH II on eastern section 
of M IV.

◂
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DIF (diagnostic impact fractures) approach was recently 
revised, and an attribute-based system for describing frac-
tures was proposed (Coppe & Rots, 2017, 2025). This 
approach is based on a large corpus of experimental data and 
uses a formalised description of fractures based on which 
a score is counted. The ones scoring 4 points and above 
were interpreted as projectiles. The system determines the 
minimal number of projectiles (MNP) in the assemblage 
and also an estimated number of projectiles (ESP) can be 
proposed (Coppe & Rots, 2025). However, this approach 
significantly underestimates the actual number of projec-
tiles used. In the experimental assemblage, only 40% of 
the projectiles exhibited a compression score of 4 or higher 
(Coppe & Rots, 2025, p. 73). Consequently, we adopted an 
attribute-based descriptive system, which we integrated with 
microscopic analysis aimed at identifying microscopic linear 
impact traces (MLITs), hafting scars, and hafting polish, as 
previously recommended (Rots, 2016).

The functional analysis was limited by the fact that all of 
the artefacts were washed beforehand. Unfortunately, post 
depositional modification (henceforth PDM) specifically in 
the form of a high degree of surface patination observed on 
many of the artefacts did not allow for the analysis of micro-
wear at higher magnification on all the tools, preventing to 
identify the worked materials more precisely. White patina, 
affecting at different degrees the artefacts’ surface represents 
the most frequently observed PSDM. Patina formation is a 
chemical process involving the desilication or a combination 
of desilication and recrystallisation of the silica in the flint 
(Caux et al., 2018; Fiers, 2020). Its causes are linked to the 
dissolution, integration, or depositional processes caused by 
elevated pH in basic soils associated to the specific deposi-
tional condition (Burroni et al., 2002).

Artefacts were classified according to the degree of 
patination into patinated, partly patinated, and not pati-
nated. Macrowear analysis was performed on all artefacts. 

Fig. 3   Excavation area Milovice IV, 2021. Distribution of finds 
recorded by total station from Archaeological Horizon II (AH II). 
Elevation is indicated by colour gradient. The cluster is marked by a 
yellow triangle in square D5. The grey-shaded area around square B3 

indicates the approximate extent of the deepest part of the site, which 
contains a fireplace. The smaller number of artefacts in squares D2 
and D3 is caused by excavation bias

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Paleolithic Archaeology            (2025) 8:24 	 Page 7 of 21     24 

Ten artefacts with a lower degree of patination and clearly 
observed microwear were selected for the microwear 
analysis.

The artefacts were cleaned in an ultrasonic bath with pH 
neutral phosphate soap (Derquim) and deionised water for 
10 min without heating. They were re-analyzed for micro-
wear using the metallographic microscope. Wear traces were 
compared to experiments by A.-M. Marko at the Department 
of Archaeology, University of Hradec Králové (for impact 
projectiles see Marko et al., 2025), and the experimental 
reference collection of E. Cristiani and A. Zupancich from 
the Diet and Ancient Technology Laboratory (DANTE) at 
Sapienza University in Rome.

Results

Raw Materials Analysis

Most blades/bladelets (19 individuals) were made from 
erratic flints from the glacial deposits in the northern parts 
of Moravia or Czech/Polish Silesia (Fig. 1; more than 
130 km in a straight line, Hanáček & Bubík, 2021). One 
additional blade is burned but the material also resembles 
erratic flint (Fig. 4c). There followed seven radiolarites 
(Fig. 4a, b, e–g, i) of relatively similar chemical finger-
prints, typical for radiolarites from the Pieniny Klippen 
Belt (PKB) of western Slovakia. Only one artefact lies 

between Austrian (both NCA and St. Veit Klippen Belt) 
and PKB radiolarites (Fig. 5). The role of radiolarites and 
other cherts from local Miocene and Quaternary gravels 
is mentioned in the Discussion. One bladelet was made 
from a chert originating in the gravels of either the Car-
pathian Foredeep or Western Carpathian Flysch Belt from 
the close vicinity of the site (Fig. 4d). Finally, one blade 
is made of opal (Fig. 4h), similar are found as weathering 
products on metamorphic rocks in the eastern part of the 
Moldanubian Zone (40–50) km distant, or as hydrother-
mal-volcanogenic products around the towns of Hranice 
and Příbor (110–135 km; Přichystal, 2013).

Technology and Typology

The analysed assemblage consisted exclusively of blade/
bladelets (Fig.  6), both retouched and unretouched. It 
showed considerable heterogeneity in raw material sourc-
ing, technological characteristics, stages of consump-
tion, and fragmentation. Only 10 (including conjoined 
1402–1405) pieces were complete; the rest were broken 
or fragmented (Table 1).

Based on the examination of the raw material, all arte-
facts were made from at least four different raw materi-
als. The small number of artefacts and the absence of 
many technological elements did not allow a full-scale 
reconstruction of the knapping process. Nevertheless, the 

Fig. 4   Stereomicroscopy of 
the raw materials used for 
blade/-let manufacture. a, b, 
e–g and i radiolarites; c burned 
erratic flint; d chert from West-
Carpathian Flysch Belt; h opal. 
Except for b (ID1403), the 
radiolarians are poorly visible 
in radiolarite matrix, as is often 
the case in gravel material

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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analysis of blanks provided some insights into their origin 
and place in the chaîne opératoire. The identified blanks, 
both blades and bladelets, might be generally divided into 
four categories based on their position in the knapping 
sequences (also considering alternative interpretations):

–	 Partly cortical debordant blade with bidirectional dor-
sal scar pattern (n = 1, 1422), indicating a reduction of a 
larger cortical nodule.

–	 Blank production: blades and bladelets with a usually 
unidirectional parallel (n = 23) and only in two cases 
bidirectional reduction scheme.

–	 Reduction of core-on-blanks (or burin-cores): production of 
bladelets from cores on flakes. This is evidenced on at least 
five pieces (radiolarite and flint 1404, 1420, possibly 1406) 
including two partly crested ridge bladelets (1400, 1410).

–	 Spalls from tool production or maintenance: this cate-
gory might overlap with the previous one and includes 
three possible burin spalls (as an alternative interpre-
tation to partly crested ridge blades 1400, 1410, 1420) 
and one knife spall (possibly Kostenki knife spall, 
1411).

Given that we are dealing with an incomplete assem-
blage, there remains a degree of uncertainty as to whether 
the blanks exhibiting burin spall characteristics originate 
from an early stage of core-on-blank reduction or from 
burin production or maintenance. The same applies to 
the “Kostenki knife spall” (1411). Although it meets the 
characteristics of Kostenki knife spalls (angles and a one-
sided crest, presence of knife ventral face along, see Klaric 
et al., 2015) it could also be alternatively interpreted as 
a burin spall or a hinged initial bladelet from a core-on-
blank reduction sequence. As such, all these interpretations 
remain ambivalent and should be approached with caution.

Retouched tools represented the majority within the clus-
ter (n = 18), but only six were complete. The rest is frag-
mented for various reasons (see Wear analysis and Discus-
sion). At least one fragment (1408–2) might be considered 
broken during the retouching process.

The cluster contained relatively diverse types of 
retouched tools including three bilaterally backed or 
retouched bladelets with ventral retouch on the ends 
(1397, 1403, 1408.1), which might be possibly classified 
as microgravettes of the Milovice sub-type (Polanská, 

Fig. 5   LDA plot based on the chemistry of blades/bladelets made of 
radiolarite and a background sample from six Central European areas 
with radiolarite outcrops. With one possible exception (ID1420), the 
blade/bladelets are probably made of radiolarites from western Slova-

kia. 1 Northern Calcareous Alps; 2 St. Veit Klippen Belt; 3 Gerecse 
Mts.; 4 Western Slovakia; 5 Pieniny Mts.; 6 Bakony Mts. Background 
data based on Moník et al. (2025a)
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2020). This class might also include a broken bilater-
ally backed bladelet (1407). The cluster further con-
tained unilaterally and bilaterally backed bladelets and 
points and one unilaterally backed bladelet with ventral 

retouch on the proximal end (conjoin 1402 + 1405), and 
bladelets with marginal retouch (Table 1) The retouch, 
bilateral or unilateral, was generally direct, sub-parallel 
or parallel.

Fig. 6   Blades and bladelets from the cluster with possible impact fractures (indicated by arrow) and use wear (position indicated along the edges 
of artefacts: C: cutting, S: Scrapping, H: Hafting, I: indeterminate, BiC: bidirectional cutting, P: Perforating)

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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From the technological point of view, no direct evidence 
of re-shaping or maintenance of microliths was identified. 
The recycling and maintenance of tools was indicated only 
by the presence of spalls and by the extremely small size 
of some microliths (1416).

After attempting to conjoin and refit artefacts within the 
cluster and between the cluster and the site, only one conjoin 
was found, between artefacts 1402 and 1405.

Functional Analysis

Macrowear Analysis

Wear traces were identified on 25 of 29 artefacts (SI 2) 
despite a high degree of patination. Four artefacts with no 
diagnostic traces seem to be unused. More than half of the 
wear traces were determinate (n = 19). Identified motions 

included longitudinal (n = 7, Fig. 7a, b, d), transversal 
(n = 1, Fig. 7c) and rotary (n = 1) motions as well as mixed 
longitudinal and transverse motions (n = 3). Regarding 
materials (see summary in Table 2), medium-hard mate-
rials (n = 6) and combinations of soft and medium-hard 
materials (n = 3) were among the most frequently identi-
fied worked materials. Soft (n = 3) and hard (n = 1) materi-
als appear less often. Four artefacts bear traces common 
for hafting. The category of artefacts with indeterminate 
wear traces includes pieces with a single snap fracture 
(n = 1), artefacts with indeterminate scarring (n = 5), and 
one fragment of a microgravette (n = 1) exhibits fractures 
that may be indicative of use as a projectile; however, the 
artefact is heavily burned, which limits the reliability of 
this interpretation.

In the analysed cluster, six artefacts displayed frac-
tures that are commonly interpreted as being diagnostic 

Table 1   Description of artefacts within the cluster (for the metrics and other details see SI 1)

inv.n Artefact type Fragmentation Raw Material Dorsal scar pattern Butt

1394 Partially retouched bladelet Complete Erratic flint Unidirectional Crushed
1395 Unilaterally backed blade Proximal-medial Erratic flint Unidirectional Punctiform
1396 Blade Distal Erratic flint Unidirectional
1397 Microgravette Milovice sub type Medial-distal Radiolarite Unidirectional
1398 Bilaterally retouched point Distal Erratic flint Unidirectional
1399 Partially retouched bladelet Medial-distal Erratic flint Unidirectional
1400 Primary burin spall Medial-distal Erratic flint
1401 Blade Medial-distal Erratic flint Unidirectional
1402 + 1405 Backed bladelet with ventral retouch on proximal 

end
Complete Erratic flint Unidirectional

1403 Microgravette Milovice sub type Complete Radiolarite Bidiriectional
1404 Blade Medial-distal Erratic flint Unidirectional
1406 Blade Complete Erratic flint Transversal Dihedral
1407 Microgravette – fragment Medial Erratic flint—burned Unidirectional
1408.1 Microgravette Milovice sub type fragment Proximal Radiolarite Unidirectional
1408.2 Unilaterally backed bladelet Distal Carpathian Flysch chert Unidirectional
1409 Bilaterally retouched point Distal Radiolarite Unidirectional
1410 Primary burin spall – crested Complete Erratic flint
1411 Kostenki knife spall Complete Radiolarite Unidirectional Punctiform
1412 Bilaterally retouched bladelet Proximal-medial Erratic flint Unidirectional Punctiform
1414 Unilaterally backed blade Medial-distal Erratic flint Unidirectional
1415 Unilaterally retouched bladelet Medial-distal Erratic flint Unidirectional Plain
1416 Bilaterally retouched bladelet Complete Radiolarite Unidirectional
1417 Bilaterally retouched blade Proximal-medial Erratic flint Unidirectional Punctiform
1418 Partially retouched blade Complete Erratic flint Unidirectional Crushed
1419 Blade Medial-distal Opal Unidirectional
1420 Primary burin spall Medial-distal Radiolarite
1421 Unilaterally retouched bladelet Complete Erratic flint Bidirectional
1422 Debordant blade Medial Erratic flint Bidirectional
1424 Blade Complete Erratic flint Unidirectional Linear
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of projectile use (Table 3); those are step-terminating 
bending fracture, and snap fractures in combination with 
hinge, step or feather terminating fractures. Location, 
general direction of propagation and their score based on 
Coppe and Rots (2025) are described in Table 3. None of 

the points would in the system score four or above. We 
further analysed these artefacts under a higher magni-
fication and observed microscopic linear impact traces 
(MLITs) and patch-like linear polish were observed on 
one artefact (1409). High degree of patination prevented 
us from observing MLITs on other potential projectiles. 

Fig. 7   a Cutting (C) soft material (1415); b Cutting medium-hard material (1401); c Scraping (S) medium-hard material (1395); d Cutting 
medium-hard material (1411); e Microscopic linear impact traces (1409); f Step terminating bending fracture (1408–1).

Table 2   Motion and hardness of worked material identified on the artefacts

Longitudinal motion Transversal motion Rotary motion Mixed (long. + trans.) 
motion

Total

Soft 1 (1415) 1 (1394) 0 0 2
Medium-hard 5 (1396, 1401, 1411, 1414 1424) 0 0 1 (1417) 6
Soft + medium 1 (1418) 0 0 2 (1395, 1421) 3
Hard 0 0 1 (1416) 0 1
Total 7 1 1 3

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Artefact 1403 displayed scars probably associated with 
hafting.

Microwear Analysis

Ten artefacts with well-developed macroscopic wear traces 
and a lower degree of patina were selected for microwear 
analysis at high magnifications. However, four of these 
were too patinated to allow for the analysis of micro-pol-
ish. Another three artefacts (1395, 1401, 1411) exhibited 

significant edge rounding and a band of polish along the 
working edge. The polish texture was rough and greasy, with 
a domed topography (Fig. 8a). This kind of polish together 
with observed macrowear is typical for medium-hard ani-
mal materials like hides (van Gijn, 1990, 28; Claud et al., 
2019; Zupancich, 2019, 64–65). Artefact 1414 displayed a 
smooth polish discontinuous along the edge with open link-
age and oblique orientation. The polish topography ranges 
from flat to domed. This kind of polish together with macro 
traces would be indicative of butchering activities. Artefact 

Fig. 8   Microwear traces observed on the Milovice artefacts: a polish 
common for hide working; b mirror-like spots of polish associated 
with hafting scars; c brown-orange residue associated with mirror-
like polish and hafting scars; d transversal striations associated with 
a snap fracture on the bladelet tip; e a continuous band of polish 

along the edge; f mirror-like polish located on the proximal part of 
the bladelet (Use wear on the drawings is indicated by the line and 
letters stand for: C: Cutting, S: Scrapping, H: Hafting, BiC: bidirec-
tional cutting)

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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1416 exhibited a snap fracture on the tip associated with 
transversal striations, which indicate rotary movement and 
contact with some harder material, possibly bone or hard-
wood (Fig. 8d). Wear traces on artefact 1424 included small 
half-moon scars, diagnostic of cutting soft material; further, 
it displayed a continuous band of polish along the edge. It 
exhibited a smooth texture and a domed topography. The 
linkage of polish was compact and associated with a high 
degree of surface micro-rounding (Fig. 8e). This type of pol-
ish would be indicative of processing woody plants (Claud 
et al., 2019; Zupancich, 2019, 74).

Evidence of transport wear was investigated; however, the 
advanced degree of surface patination precluded any defini-
tive conclusions.

Hafting – Wear and Residues

Bright spots can occur isolated or in association with scar-
ring and they are particularly indicative of hafting (Rots 
et al., 2001, 130). “Mirror-like” bright spots were observed 
on four artefacts in association with scarring (1395, 1411, 
1414, and 1424). Artefact 1403 displayed scarring indicative 
of hafting in the proximal part (Fig. 8f).

Overall, three residues were preserved on the artefacts. 
Of these, two were interpreted as past contaminants in the 
form of rootlet imprints (Tomasso et al., 2020). Only on a 
single artefact (1395) did the appearance of the residue, in 
association with bright spots and scarring (Fig. 8b), suggest 
a possible connection to hafting. The residue displays an 
orange-brown colour, and its surface is striated, confirming 
its relationship with the use-wear (Fig. 8c). Accurate deter-
mination of the residue nature will require further analyses 
of its chemical composition.

Discussion

The archaeological context of the cluster supports the asser-
tion that it consists of items deliberately grouped by a Pal-
aeolithic individual and stored within a container or pouch 
made of perishable material. It is evident that the cluster was 
rapidly buried within the archaeological deposits, avoiding 
disturbance by both anthropogenic and non-anthropogenic 
processes. The narrow time span of radiometric data pro-
vides relatively precise dating between 30,250 and 29,550 
and cal BP (Novák et al., 2024).

The lithic assemblage in AH II shows features making 
it associable with the Middle/Late Gravettian of Central 
Europe. The composition of tool types, presence of ivory 
adornments, fireplaces and faunal remains indicate that 
the archaeological deposits of AH II might be preliminar-
ily associated with settlement and game processing activi-
ties (Novák et al., 2024; Svoboda et al., 2011). However, 

it remains uncertain whether these activities occurred dur-
ing a single occupation event or represent a palimpsest of 
several closely successive episodes. Similarly, it cannot be 
definitively determined which activities at the site are con-
temporaneous or directly associated with the deposition of 
the analysed toolkit.

Archaeological Horizon II yielded a rich lithic assem-
blage comprising artefacts in various stages of production, 
including cores, blanks, retouched tools, as well as small 
fragments and debris. If the artefacts from the cluster 
had been found separately, they would not have appeared 
remarkable. Due to their small size, these items are not 
suitable for further exploitation as sources of raw material 
(Sánchez-Martínez et al., 2021). Neither do they represent 
a homogenous group of particularly well-shaped blanks or 
tools ready for use or completion (e.g. Eren et al., 2021). 
Thus, the intentional burial or storage of the cluster as a 
cache (sensu Binford, 1979) for future use appears rather 
unlikely, as similar items could have been easily collected in 
the immediate surrounding. While non-utilitarian interpre-
tations remain possible, in this study, we focus only on the 
socio-economic and functional interpretations of the cluster. 
Interpretations related to symbolism, offerings, or ritualised 
burial in a form of cache (e.g. the interpretation of caches 
at Stadice as proposed by Oliva & Vencl, 2021) cannot be 
excluded but would require a more in-depth discussion of 
ritual behaviour during the Gravettian, which lies beyond the 
scope of this article. It is sufficient to note that the blade/let 
cluster is not part of funerary offerings for human burials. 
Although animal bones are well-preserved at the site, no 
human remains have been discovered.

Based on the archaeological context, it can be assumed 
that the cluster represents personal gear/toolkit, belonging 
to an individual person.

The Cluster Formation, Raw Material 
Acquisition, Tool Life Cycle, Function and Reuse 
from a Socio‑economic and Cultural Perspectives

The analysed artefacts were made from four different raw 
materials. However, only the erratic flints were undoubtedly 
imported (at 130 km or more) from the north. The radio-
larites could have been transported from today’s western 
Slovakia (Fig. 1) but might have been also acquired from 
local Miocene (or Quaternary) gravels. These latter show 
large compositional variability, comprising raw materials 
washed from the Alpine region, the Bohemian Massif and 
the Carpathian Flysch Belt (Soták, 1986; Vít, 2014). Theo-
retically, they can also include opals from the Moldanubian 
Zone. Radiolarites from Miocene gravels are often dull, with 
poorly visible radiolarian tests, which is also the case for 
most of the analysed blades from Milovice IV (Fig. 4). On 
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the other hand, they often contain cracks in their matrix, 
making them less suitable for flint- knapping. (Moník et al., 
2025a; Přichystal, 2013).

The cluster comprises artefacts associated with various 
stages of the chaîne opératoire. Blanks appear to have been 
produced from at least five different cores, as suggested 
by raw material variability (including two distinct colour 
variants of radiolarite). From a technological point of view, 
blanks were detached in both unidirectional and bidirec-
tional modes from cores prepared on nodules as well as on 
large flakes.

Retouched tools show various types of backed blades, 
bladelets, and microgravettes. Unilaterally and bilaterally 
backed bladelets and micropoints and microgravettes with 
a ventral retouch on their ends (possibly categorized as 
Milovice sub-type, Polanská, 2020) are typical elements 
of Middle/Late Gravettian in southern Moravia (Oliva, 
2009; Polanská, 2020) and might have analogies in Bohe-
mia (Lengyel & Wilczyński, 2018; Wilczyńsky et al., 
2021). The retouched tools include one unused piece, 
likely broken during the retouching process (1408–2), as 
well as finished retouched tools and tool repair elements, 
such as burin or knife spalls. This together with the vari-
ability of raw materials again shows a longer period of the 
cluster formation, during which the toolkit was regularly 
renewed. Further, it indicates economical management 
of raw materials (Bousman, 1993) which must be consid-
ered even in cases where artefacts interpreted as burin or 
Kostenki spalls were in fact detached from core-on-blank, 
as the use of larger blanks as cores represents a resource-
efficient strategy (Vignoles et al., 2021).

Functional analysis revealed that the majority of the 
artefacts exhibit evidence of use. A substantial portion of 
the assemblage comprises artefacts displaying fractures 
commonly associated with impact damage from use as 
projectiles (Fisher et al., 1984; Yaroshevich et al., 2010). 
However, this interpretive framework has recently been 
challenged by Coppe and Rots (2017, 2025), who proposed 
a more rigorous methodology for identifying projectile 
use, assigning a score to each artefact based on diagnos-
tic impact criteria. Despite its methodological precision, 
this approach appears to significantly underestimate the 
actual number of artefacts used as projectiles; only 40% 
of experimentally used projectiles achieved a compression 
score of 4 or higher—the threshold required to confirm 
projectile use (Coppe & Rots, 2025, p. 73). In our study, we 
identified microscopic linear impact traces on one artefact, 
supporting its function as a projectile, along with scarring 
likely resulting from hafting. Furthermore, the fact that 
all candidate projectiles belong to typologically relevant 
categories (such as microgravettes, bilaterally retouched 
points, or bladelets Soriano, 1998; Taipale et al., 2022; 
Wilczyński et al., 2021) reinforces this interpretation. No 

other wear traces were observed that would suggest an 
alternative functional use.

Larger blades retouched or unretouched were used for 
cutting and scraping. Most blades displayed traces typical 
of working on medium-hard material or a combination of 
soft and medium-hard materials. Processing of woody plant 
material and hide working were among the identified activi-
ties. We can argue that the cluster is associated with tasks 
conducted on hunting expeditions, initial butchering of game 
and possibly the maintenance of weapons or exploitation of 
woody plant resources (based on traces observed on 1424). 
Notably, one of the spalls (1411) exhibits hide-working use 
traces on edges that cannot be associated with the use of the 
original tool (burin or knife). This indicates that spalls were 
not treated just as waste products but were recycled and pos-
sibly inserted on the shaft as parts of composite tools (best 
visible on 1411). Evidence of hafting was observed on four 
tools (1395, 1411, 1414, 1424) used for scraping and cutting 
hide and cutting woody plant material.

All items were found adjacent to one another, aligned 
along their longitudinal axes in a west–east orientation. 
However, the orientation of the fractures, including those 
potentially caused by impact, is not consistent in a single 
direction (Fig. 2a). This together with the typological and 
functional variability and presence of the burned piece sug-
gests that the arrangement of artefacts within the cluster 
does not represent items still embedded in composite tools 
or weapon (as arrows in a quiver). More likely, they were 
stored in a case or pouch as separate components.

Complete artefacts constitute only one-third of the 
assemblage, with the remainder being broken or frag-
mented. Notably, only one conjoin was identified among 
the artefacts in the cluster. Although refitting attempts 
were conducted on a limited scale, they provided no direct 
evidence that the artefacts in the cluster were produced 
on site. At least part of the cluster might be traditionally 
considered by archaeologists as technological waste (spalls 
and some of the blanks, e. g., Inizan et al., 1999) or worn-
out pieces (especially broken projectiles). Although our 
terminology and technological interpretations are inevi-
tably shaped by contemporary perspectives and interpre-
tive paradigms, a legitimate question remains: why were 
small, broken, or in one case burned pieces stored and kept 
together? It is important to note that there are no indica-
tions of intentional fragmentation, and the fractures do 
not exhibit wear traces that would suggest the use of the 
newly created edges. Rather, it appears more likely that 
the microgravettes were broken upon impact, while acci-
dental breakage during use or production seems a more 
plausible explanation for the fragmentation observed in the 
other items. This could be explained in several ways. On 
the one hand, we should always consider some non-utili-
tarian behaviour as a possible option (nostalgia, personal 
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attachment, ritual behaviour etc.). On the other hand, there 
may have been clear practical reasons for the accumulation 
of these artefacts, including opportunism and the absence 
of a need to produce a new formal tool or economical han-
dling of raw material. Again, using modern assumptions, it 
can be suggested that backed blades and bladelets, micro-
gravettes, points etc. were regarded as optimal components 
for inclusion in composite tools. This seems to be a rea-
sonable premise, as the effort invested in shaping these 
components through retouch likely reflects their intended 
functional purposes. However, the presence of spalls, bro-
ken or damaged pieces within the cluster suggests that 
these artefacts have been stored for continued use. This 
practice could be interpreted as both a highly economical 
and pragmatic approach to lithic management, whereby 
small, broken, or detached elements from composite tools 
were collected and either reused in their existing form, 
reworked, or stored as reserve components for composite 
tools as circumstances required. Unfortunately, the incon-
clusive results of the transport wear analysis, caused by 
extensive patination, preclude any definitive assessment 
of artefact mobility. However, such economic behaviour 
would likely be unnecessary in a well-supplied residential 
camp with an abundance of raw materials (which might be 
represented by Milovice IV), where small or broken pieces 
could easily be replaced with new formal tools.

This suggests that the cluster may represent a collection 
of items used, modified and stored during expeditions in 
landscapes lacking the required raw material resources and 
far from larger sites. In such contexts, it would be practi-
cal to retain all usable pieces for further recycling and 
reuse. This aligns with ethnographic observations, where 
personal gear could be modified to meet situational needs 
(Binford, 1979). Such practices illustrate the pragmatic 
adaptation of tools based on the availability and con-
straints of raw material resources.

If this hypothesis is correct, then the intentional discard 
of all these artefacts at a well-supplied site of M IV would 
seem to be a logical conclusion. On the contrary, however, 
this would probably also mean the discard of the case, 
which, if undamaged, might have had a higher value than 
the lithics themselves.

Larger formal tools such as scrapers, burins, larger 
points, knives, etc., which are otherwise present in AH II, 
are missing from the cluster. The absence of these arte-
facts allows us to hypothesise what activities were and 
were not carried out during the hunting expeditions. It sug-
gests that only the most basic activities related to butch-
ering were carried out during the hunt itself, while the 
final processing of game occurred at the camp. However, 
this hypothesis might be consistent with the presence of a 
rather medium-size game (horses, reindeer) within the AH 
II, but still requires verification through further research 

and analysis of animal body parts. The absence of “Late 
Gravettien rectangles” (sensu Wilczyński et al., 2015), 
which are otherwise present within AH II (Novák et al., 
2024), also remains speculative. If they were used as part 
of composite hunting weapons, it could be argued that they 
were positioned farther from the tip (Borgia, 2017) and 
were therefore undamaged by impact and thus did not have 
to be replaced and stored within some separated pouch 
very often.

Implications for Human Mobility, Interactions 
and Subsistence

Due to the palimpsest effect, there is always some level of 
uncertainty regarding whether archaeological sites exhib-
iting a range of various raw materials were supplied by a 
single group that exploited a broader region, or whether 
they reflect visits by different groups at different times, 
each dependent on only some of the raw material sources. 
This becomes even more complicated when we consider 
the possibility of high residential mixing and the fluid 
structure of hunter-gatherer groups documented in ethno-
graphic record (Bird et al., 2019; Hamilton et al., 2007; 
Smith et al., 2018).

The blade/bladelet cluster, as a representation of an indi-
vidual’s belongings, provides a different perspective on this 
issue and clearly demonstrates that a range of raw materials 
could have been in the possession of a single person. The 
variability of raw materials within the cluster can be attrib-
uted to several factors: direct collection by the bearer or their 
group from outcrops or other natural sources; exchange or 
sharing among groups or individuals visiting different raw 
material sites; reuse of older blanks from abandoned camps 
or workshops; collection from caches; or a combination of 
these practices. None of these models can be definitively 
confirmed or dismissed. Notably, there is no direct evidence, 
such as double patination, to support the secondary reuse of 
older blanks.

The composition of the cluster mirrors that of the entire 
AH II assemblage, suggesting a potential interconnection 
between the sites and the cluster’s supply systems. The only 
raw material that does not appear to be represented at the 
site is opal, which is of regional origin. Thus, the cluster of 
blades/bladelets reflects the raw material circulation patterns 
typical of Middle/Late Gravettian occupations in the Middle 
Danube, i.e. SW-NE movements into the north Moravian/
Silesian glacial area and back, with an extension to Car-
pathia (Maier & Zimmermann, 2017; Moník et al., 2025b; 
Oliva, 2009; Polanská, 2020).

The substantial presence of imported materials, par-
ticularly erratic flint, at Gravettian sites, including Milov-
ice IV, may reflect a systematic and pre-planned procure-
ment strategy (Moník et al., 2025b). The overlap between 
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the raw material supplies of the entire site and the per-
sonal gear of a single individual suggests the possibility 
that the individual directly participated in the exploitation 
of lithic raw material sources, potentially in collabora-
tion with other residents of the site. While the residential 
flexibility (Bird et al., 2019; Hamilton et al., 2007; Smith 
et al., 2018) cannot be ruled out for Gravettian societies, 
the absence of extremely distant or rare raw materials 
within the cluster provides no direct evidence to support 
such behaviour.

As previously suggested, the cluster could be used and 
accumulated during extended hunting or migration trips. 
Together with other archaeological evidence, it might 
provide some insight into Middle/Late Gravettian subsist-
ence and settlement strategies. Previous studies on the 
Central European Gravettian (Pryor et al., 2024; Škrdla, 
2006; Wilczyński et al., 2021) have suggested a logistically 
standardised pattern for Gravettian hunter-gatherers (sensu 
Binford, 1980). The Central European Gravettian, espe-
cially its Pavlovian phase, is best known for its large settle-
ments, possibly even year-round, with human burials and 
rich evidence of non-utilitarian behaviour (Oliva, 2007; 
Svoboda, 2019). This large settlement pattern is comple-
mented by seasonal settlements, field camps or stations 
(Nývltová-Fišáková, 2013); Wilczyński et al., 2021). How-
ever, these models must be treated with caution, as the cur-
rent stage of research does not allow for the establishment 
of a coherent view of the settlement structure throughout 
the nearly 8000-year-long development of the Gravettian in 
Central Europe, with its own dynamics in social structure 
and ecological strategies.

In this context, the examined cluster might represent a 
relic of otherwise archaeologically nearly invisible behav-
iour, such as hunting or foraging expeditions conducted 
from larger, seasonally stable camps (or field camps or 
stations, Binford, 1980). These short-term activities in 
the landscapes with lower predictability of raw material 
resources might have left only minimal traces, as high-
quality lithic material was too valuable to be discarded 
during expeditions, provided it was still suitable for reuse. 
The economic handling of the toolkit also indicates that the 
locations visited by the hunting group during the migration 
or hunt were not necessarily logistically well supplied in 
advance (e.g. by caches, as described by Binford, 1980, 
possibly documented at Dolní Věstonice I and Stadice 
(Absolon, 1938; Oliva & Vencl, 2021)) or that the expedi-
tions in terms of duration and travelled distances were not 
strictly planned. This interpretation aligns with the use of 
blanks derived from core-on-blanks or even actual burin 
spalls (Vignoles et al., 2021). The site of M IV, in this case, 
represents a well-supplied residential base camp, where 
personal gear could be maintained or possibly discarded 
and replaced (Binford, 1979 33), as even the resources 

imported from great distances were not necessarily sub-
ject to special economic treatment at well-supplied sites 
(Moreau et al., 2016).

Conclusion

The studied cluster of blades/bladelets was interpreted as 
personal gear, carried by an individual and used and modi-
fied during hunting and/or migration trips. The raw mate-
rials used for the lithic artefacts within the cluster would 
have been acquired either directly by the bearer or indirectly 
through exchange or sharing. In either case, the variety of 
raw materials in the cluster reflects the socio-economic net-
work in which the bearer had to interact at some point of 
their life. The raw material composition overlaps with most 
of the Gravettian sites in the region, confirming that the vari-
ability observed at these sites is not necessarily caused by 
palimpsest effects.

Most lithic artefacts, including unretouched pieces, were 
used, and some provided evidence of hafting. The toolkit 
included artefacts used as projectiles, as well as those used 
for cutting, scraping, and perforating various materials, 
especially medium-hard and soft materials, including hide 
and woody plants. This, along with evidence of the economi-
cal handling of raw materials, the storage and use of small 
or broken pieces and the situational reuse of tool-repair ele-
ments supports the interpretation of the cluster as part of 
personal gear used during hunting expeditions or migrations 
through areas where suitable raw materials were scarce.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41982-​025-​00228-z.

Acknowledgements  This research was funded by the Czech Sci-
ence Foundation under project no. 20-26094S, Hunters at a Camp: 
Reconstruction of Spatial Behaviour at Moravian Gravettian Sites. The 
provenance analysis of radiolarites was made possible thanks to Czech 
Science Foundation project no. 22-05547S. The work of Anna-Marie 
Marko was conducted as part of the Specific Research project, The 
Use of Modern Methods to Study Mesolithic Stone Industries, funded 
by the Philosophical Faculty of the University of Hradec Králové in 
2023–2024. We would like to extend our gratitude to our colleagues 
and team members involved in the 2021 archaeological excavation of 
Milovice IV from the Centre of Palaeolithic and Palaeoanthropology at 
the Institute of Archaeology of the Czech Academy of Sciences, Brno, 
as well as to the participants, students, and volunteers from Palacký 
University, Olomouc. We want to thank our colleague Ondřej Herčík 
for recognising the blade/bladelet cluster during the excavation and 
for providing subsequent photographic documentation, and to Filip 
Hájek and for their contributions to the field photography. We would 
like to thank the reviewers and editors of the journal for their valuable 
comments and suggestions, which greatly improved the quality of this 
manuscript.

Author Contributions  D. Ch., A-M. M., and M. N.: conceptualization 
and initial draft. D. Ch., A-M. M., M. M., M. N.: writing the main 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Journal of Paleolithic Archaeology            (2025) 8:24    24   Page 18 of 21

manuscript, methodology, investigation, resources, funding. D.Ch. and 
M. N. techno-typological analysis. A-M. M., together with technical 
and expert support from E. C., A. Z., J. M. conducted use-wear and 
residual analysis. M. M., F. G., T. P.: raw material provenience analysis 
and LA-ICP-MS. P. H.: statistical analysis of elemental data. J. N.: 
initial petrological analysis, geological and cultural-anthropological 
consultation. M. N.: Director of Milovice IV rescue excavation. All 
authors reviewed the manuscript. All authors contributed during the 
peer review process. M.M.: Fig. 1; D. Ch.: Fig. 2, D. Ch.: Fig. 3; 
M.M.: Fig. 4; M.M., F.G., T.P., P.H.: Fig. 5 ; D.Ch., A-M.M.: Fig. 6; 
A-M., J.M.: Fig. 7 and 8;   D.Ch., M.N.: Supplementary information 1 
A-M.M.: Supplementary information 2.

Funding  This research was funded by the Czech Science Foundation 
under project no. 20-26094S,Hunters at a Camp: Reconstruction of 
Spatial Behaviour at Moravian Gravettian Sites.The provenance analy-
sis of radiolarites was made possible thanks to Czech Science Foun-
dation project no. 22-05547S. The work of Anna-Marie Marko was 
conducted as part of the Specific Research project,The Use of Modern 
Methods to Study Mesolithic Stone Industries,funded by the Philosophi-
cal Faculty of the University of Hradec Králové in 2023–2024.

Data Availability  No datasets were generated or analysed during the 
current study.

Declarations 

Ethics Approval  Not applicable. We confirm that all methods and 
experimental protocols were carried out in accordance with relevant 
guidelines and regulations. No animals, humans, human data, human 
tissue, or plants have been subject of this study.

Consent to Participate  Not applicable.

Consent for Publication  We have read and understood the publishing 
policy and submit this manuscript in accordance with this policy.

Competing Interests  The authors declare no competing interests.

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

References

Absolon, K. (1938). Die Erforschung der diluvialen Mammutjäger-
Station von Unter-Wisternitz in Mähren. Arbeitsbericht über das 
zweite Jahr 1925. Brünn: Polygrafia.

Andrefsky, W. (2008). Lithic technology: Measures of production, use, 
and curation. Cambridge University Press.

Antl-Weiser, W., Fladerer, F. A., Nigst, P. R., & Verpoorte, A. (2010). 
Grub/Kranawetberg (Lower Austria) – Insights into a Gravettian 

micro-region in eastern Austria. Mitteilungen der Prähistorischen 
Kommission,72, 231–243.

Aubry, T., Dimuccio, L. A., Almeida, M., Neves, M. J., Angelucci, D. 
E., & Cunha, L. (2011). Palaeoenvironmental forcing during the 
Middle-Upper Palaeolithic transition in central-western Portugal. 
Quaternary Research, 75(01), 66–79. https://​doi.​org/​10.​1016/j.​
yqres.​2010.​11.​002

Bailey, G. N. (2007). Time perspectives, palimpsests, and the archae-
ology of time. Journal of Anthropological Archaeology,26(2), 
198–223.

Binford, L. R. (1979). Organization and formation processes: Looking 
at curated technologies. Journal of Anthropological Research, 35, 
255–273. https://​doi.​org/​10.​1086/​jar.​35.3.​36299​02

Binford, L. R. (1980). Willow smoke and dogs’ tails: Hunter-gatherer 
settlement systems and archaeological site formation. American 
Antiquity, 45(1), 4–20. https://​doi.​org/​10.​2307/​279653

Binford, L. R. (1981). Behavioral archaeology and the “Pom-
peii premise.” Journal of Anthropological Research,37(3), 
195–208.

Bird, D. W., Bird, R. B., Codding, B. F., & Zeanah, D. W. (2019). Vari-
ability in the organization and size of hunter-gatherer groups: For-
agers do not live in small-scale societies. Journal of Human Evo-
lution, 131, 96–108. https://​doi.​org/​10.​1016/j.​jhevol.​2019.​03.​005

Boemke, B., Maier, A., Schmidt, I., Römer, W., & Lehmkuhl, F. (2023). 
Testing the representativity of Palaeolithic site distribution: The 
role of sampling bias in the European Upper and Final Palaeolithic 
record. Quaternary Science Reviews, 316, Article 108220. https://​
doi.​org/​10.​1016/j.​quasc​irev.​2023.​108220

Borgia, V. (2017). Hunting high and low: Gravettian hunting weapons 
from southern Italy to the Russian plain. Open Archaeology, 3, 
376–391.

Bousman, C. B. (1993). Hunter-gatherer adaptations, economic risk 
and tool design. Lithic Technology, 18(1–2), 59–86.

Burroni, D., Donahue, R. E., Pollard, A. M., & Mussi, M. (2002). 
The surface alteration features of flint artefacts as a record of 
environmental processes. Journal of Archaeological Science, 
29(11), 1277–1287.

Caux, S., Galland, A., Queffelec, A., & Bordes, J. G. (2018). Aspects 
and characterization of chert alteration in an archaeological 
context: A qualitative to quantitative pilot study. Journal of 
Archaeological Science: Reports,20, 210–219.

Cheben, I., & Cheben, M. (2010). Research on radiolarites of the 
White Carpathian Klippen Belt. Slovenská Archeológia,58(1), 
13–52.

Claud, É., Thiébaut, C., Coudenneau, A., Deschamps, M., Mourre, V., 
Brenet, M., Chacón‑Navarro, M. G., Colonge, D., Lemorini, C., 
Maury, S., Servelle, C., & Venditti, F. (2019). Stone tool refer-
ence collection. Palethnologie, 10. https://​doi.​org/​10.​4000/​palet​
hnolo​gie.​4070

Cnuts, D., & Rots, V. (2024). Examining the effect of post-depositional 
processes on the preservation and identification of stone tool resi-
dues from temperate environments: An experimental approach. 
PLoS One,19(10), Article e0309060. https://​doi.​org/​10.​1371/​journ​
al.​pone.​03090​60

Cnuts, D., Peresani, M., & Rots, V. (2022). The contribution of stone 
tool residues in reconstructing Late Pleistocene hominin stone 
tool behaviour at Grotta di Fumane. Italy. Quaternary Science 
Reviews, 297, Article 107829. https://​doi.​org/​10.​1016/j.​quasc​irev.​
2022.​107829

Coppe, J., & Rots, V. (2017). Focus on the target. The importance of 
a transparent fracture terminology for understanding projectile 
points and projecting modes. Journal of Archaeological Science: 
Reports,12, 109–123. https://​doi.​org/​10.​1016/j.​jasrep.​2017.​01.​010

Coppe, J., & Rots, V. (2025). Let’s cut to the chase and rely 
on fracture mechanics to identify projectile armatures. 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Paleolithic Archaeology            (2025) 8:24 	 Page 19 of 21     24 

Archaeological and Anthropological Sciences. https://​doi.​org/​
10.​1007/​s12520-​025-​02180-z

De La Torre, I., Arroyo, A., Proffitt, T., Ramos, C. M., & Theodoro-
poulou, A. (2015). Técnicas de excavación en yacimientos pale-
olíticos. Algunos casos de estudio. Treballs D Arqueologia, 20, 
21–40. https://​doi.​org/​10.​5565/​rev/​tda.​51

Edwards, P. C. (2007). A 14000 year-old hunter-gatherer’s toolkit. 
Antiquity,81(314), 865–876. https://​doi.​org/​10.​1017/​s0003​598x0​
00959​6x

Einwögerer, T., Friesinger, H., Händel, M., Neugebauer-Maresch, C., 
Simon, U., & Teschler-Nicola, M. (2006). Upper palaeolithic 
infant burials. Nature,444(7117), 285. https://​doi.​org/​10.​1038/​
44428​5a

Eren, M. I., Bebber, M. R., Mika, A., Flood, K., Maguire, L., Norris, 
D., Perrone, A., Mullen, D. A., Centea, S., Centea, C., Christy, B., 
Daud, R., Jackson, J., Patten, R. J., Redmond, B. G., Buchanan, 
B., Haythorn, R., Miller, G. L., Conaway, M. A., … Meltzer, D. J. 
(2021). The Nelson stone tool cache, North-Central Ohio, U.S.A.: 
Assessing its cultural affiliation. Journal of Archaeological Sci-
ence: Reports,37, Article 102972. https://​doi.​org/​10.​1016/j.​jasrep.​
2021.​102972

Fiers, G. (2020). The characteristics and alteration of flint: A multi-
methodological approach and significance for archaeological 
research [Doctoral dissertation, Universiteit Gent, Faculteit 
Wetenschappen].

Fisher, A., Hansen, P. V., & Rasmussen, P. (1984). Macro and micro 
wear traces on lithic projectile points. Journal of Danish Archae-
ology, 3(1), 19–46. https://​doi.​org/​10.​1080/​01084​64X.​1984.​10589​
910

Formicola, V., & Buzhilova, A. P. (2004). Double child burial 
from Sunghir (Russia): Pathology and inferences for upper 
paleolithic funerary practices. American Journal of Physical 
Anthropology,124(3), 189–198. https://​doi.​org/​10.​1002/​ajpa.​
10273

Formicola, V., Pontrandolfi, A., & Svoboda, J. (2001). The upper 
Paleolithic triple burial of Dolní Věstonice: Pathology and funer-
ary behavior. American Journal of Physical Anthropology,115(4), 
372–379. https://​doi.​org/​10.​1002/​ajpa.​1093

Gamble, C., & Porr, M. (2005). The hominid individual in context: 
Archaeological Investigations of Lower and Middle Palaeolithic 
Landscapes. Psychology Press.

Grace, R. (1997). The ‘chaîne opératoire’ approach to lithic analy-
sis. Internet Archaeology, 2. https://​doi.​org/​10.​11141/​ia.2.3

Gregar, F., Moník, M., Hamrozi, P., Součková, J., Nerudová, Z., & 
Pluháček, T. (2025). Multimodal elemental analysis: A unique 
tool for the provenance of radiolarite artefacts. Spectrochimica 
Acta, Part B: Atomic Spectroscopy,224, Article 107111. https://​
doi.​org/​10.​1016/j.​sab.​2024.​107111

Hájek, F., & Novák, M. (2024). 4D visualisation of an archaeological 
site: A case study from the Upper Paleolithic site of Milovice 
IV, Czech Republic. Přehled Výzkumů, 85–94. https://​doi.​org/​10.​
47382/​pv0651-​07

Hamilton, M. J., Milne, B. T., Walker, R. S., Burger, O., & Brown, 
J. H. (2007). The complex structure of hunter–gatherer social 
networks. Proceedings of the Royal Society B: Biological Sci-
ences,274(1622), 2195–2203. https://​doi.​org/​10.​1098/​rspb.​2007.​
0564

Hamrozi, P., Gregar, F., Moník, M., Součková, J., Nerudová, 
Z., & Pluháček, T. (2025). Radiolarite provenance using 
machine learning methods as a tool for understanding pal-
aeolithic human mobility. Journal of Archaeological Science: 
Reports,63, Article 105107. https://​doi.​org/​10.​1016/j.​jasrep.​
2025.​105107

Hanáček, M., & Bubík, M. (2021). Maximální rozšíření pleistocenního 
ledovcového štítu ve Vnějších Západních Karpatech a Východních 
Sudetech—Současné znalosti a nový důkaz. Geologické Výzkumy 

Na Moravě a Ve Slezsku,28(1–2), 85–92. https://​doi.​org/​10.​5817/​
GVMS2​021-​15631

Higgins, O. A., Modi, A., Cannariato, C., Diroma, M. A., Lugli, F., 
Ricci, S., Zaro, V., Vai, S., Vazzana, A., Romandini, M., Yu, H., 
Boschin, F., Magnone, L., Rossini, M., Di Domenico, G., Baruf-
faldi, F., Oxilia, G., Bortolini, E., Dellù, E., … Caramelli, D. 
(2024). Life history and ancestry of the late Upper Palaeolithic 
infant from Grotta delle Mura, Italy. Nature Communications. 
https://​doi.​org/​10.​1038/​s41467-​024-​51150-x

Inizan, M.-L., Reduron-Ballinger, M., Roche, H., & Tixier, J. (1999). 
Technology and terminology of knapped stone (Vol. 5). C.R.E.P. 
(Préhistoire de la Pierre Taillée).

Kaudela, V. (2024). The adornments of the Gravettian site Krems-
Wachtberg in chronological and techno-cultural context. Přehled 
Výzkumů, 65(1), 57–83.

Keeley, L. H. (1980). Experimental determination of stone tool uses: 
A Microwear Analysis. University of Chicago Press.

Kelly, R. L. (1983). Hunter-gatherer mobility strategies. Journal of 
Anthropological Research, 39(3), 277–306. https://​doi.​org/​10.​
1086/​jar.​39.3.​36296​72

Klaric, L., Lev, S., Giria, Y., & Polanská, M. (2015). « Couteaux de 
Kostienki et lames aménagées par technique de Kostienki » : 
Retour sur un malentendu historique. Bulletin de la Société 
Préhistorique Française,112(3), 421–474. https://​doi.​org/​10.​3406/​
bspf.​2015.​14550

Lengyel, G., & Wilczyński, J. (2018). The gravettian and the epi-
gravettian chronology in eastern central Europe: A comment 
on Bösken et al. (2017). Palaeogeography, Palaeoclimatology, 
Palaeoecology,506, 265–269. https://​doi.​org/​10.​1016/j.​palaeo.​
2017.​11.​017

Maier, A., & Zimmermann, A. (2017). Populations headed south? 
The Gravettian from a palaeodemographic point of view. Antiq-
uity,91(357), 573–588. https://​doi.​org/​10.​15184/​aqy.​2017.​37

Marko, A.-M., Chlachula, D., Marko, J., Zítka, P., & Šída, P. (2025). 
Function of jasper and flint microliths at the Malý Faraon Meso-
lithic rock shelter: An experimental approach. Interdisciplinaria 
Archaeologica: Natural Sciences in Archaeology, 16(1). https://​
doi.​org/​10.​24916/​iansa.​2025.1.3

Marreiros, J. M., Bao, J. F. G., & Bicho, N. F. (2014). Use-wear and 
residue analysis in archaeology. In J. M. Figueiras Marreiros, 
J. F. Gibaja Bao, & N. Ferreira Bicho (Eds.), (2015th ed.,). 
Springer. 

Moník, M., Nerudová, Z., Gregar, F., Pluháček, T., Součková, J., 
& Hamrozi, P. (2025a). Chemical fingerprinting of European 
radiolarites and raw material economies from the Moravian 
Aurignacian. Archaeological and Anthropological Sciences. 
https://​doi.​org/​10.​1007/​s12520-​024-​02128-9

Moník, M., Nerudová, Z., Novák, M., Přichystal, A., Gregar, F., 
Hamrozi, P., & Pluháček, T. (2025b). Tracing the transfers of 
raw materials in the Gravettian of Moravia and Silesia. Qua-
ternary International, 719, Article 109665. https://​doi.​org/​10.​
1016/j.​quaint.​2025.​109665

Moreau, L., Brandl, M., & Nigst, P. R. (2016). Did prehistoric forag-
ers behave in an economically irrational manner? Raw material 
availability and technological organisation at the early Gravet-
tian site of Willendorf II (Austria). Quaternary International, 
406, 84–94. https://​doi.​org/​10.​1016/j.​quaint.​2015.​11.​123

Novák, M., Sázelová, S., Šída, P., Boriová, S., Garba, R., Herčík, O., 
Chlachula, D., & Marko, A.-M. (2024). The multilayered site 
of Milovice IV: New insights into the Upper Paleolithic settle-
ment under the Pavlov Hills (South Moravia, Czech Republic). 
In P. Wojtal, J. Wilczyński, & N. Kowalik (Eds.), 4th confer-
ence world of gravettian hunters. Kraków, 20–24 May 2024. 
Abstracts (pp. 55–57). ISEA PAS.

Nývltová Fisáková, M. (2013). Seasonality of Gravettian sites in the 
Middle Danube Region and adjoining areas of Central Europe. 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Journal of Paleolithic Archaeology            (2025) 8:24    24   Page 20 of 21

Quaternary International, 294, 120–134. https://​doi.​org/​10.​
1016/j.​quaint.​2011.​08.​017

Oliva, M. (2007). Gravettien na Moravě (Dissertationes archaeologi-
cae Brunenses/Pragensesque, Vol. 1). Masarykova univerzita.

Oliva, M. (2009). Štípaná industrie sektoru G. In M. Oliva (Ed.), 
Sídliště mamutího lidu u Milovic pod Pálavou: Otázka struktur 
s mamutími kostmi (pp. 161–216). Moravian Museum.

Oliva, M., & Vencl, S. (2021). Pozdněglaciální osídlení u Stadic v 
severozápadních Čechách / Late Epigravettian Site near Sta-
dice in Northwest Bohemia. Památky Archeologické,112, 5–70. 
https://​doi.​org/​10.​35686/​pa2021.1

Pettitt, P. B., Richards, M., Maggi, R., & Formicola, V. (2003). The 
Gravettian burial known as the Prince (‘Il Principe’): New evi-
dence for his age and diet. Antiquity,77(295), 15–19.

Polanská, M. (2020). Questionnement sur la diversité du Pavlovien 
par ľétude technologique des gisements moraves (Vol. 66). 
Czech Academy of Sciences, Institute of Archaeology Brno.

Polanská, M., Novák, M., & Klaric, L. (2021). Fossiles directeurs 
variability in late and final stages of the Gravettian of Cen-
tral Europe. Študijné Zvesti Archeologického Ústavu SAV, (2). 
https://​doi.​org/​10.​31577/​szaus​av.​2021.​suppl.2.​10

Přichystal, A. (2013). Lithic raw materials in prehistoric times of 
Eastern Central Europe. Masaryk University.

Pryor, A. J. E., Nesnídalová, T., Šída, P., Lengyel, G., Standish, 
C. D., Milton, J. A., Cooper, M. J., Hambach, B., Crowley, J., 
& Wilczyński, J. (2024). Reindeer prey mobility and seasonal 
hunting strategies in the late Gravettian mammoth steppe. 
Archaeological and Anthropological Sciences. https://​doi.​org/​
10.​1007/​s12520-​024-​02019-z

Rots, V. (2010). Prehension and hafting traces on flint tools. Leuven 
University Press. https://​doi.​org/​10.​2307/j.​ctt9q​f05s

Rots, V. (2016). Projectiles and hafting technology. In Vertebrate 
paleobiology and paleoanthroplogy series/Vertebrate paleobi-
ology and paleoanthropology series (pp. 167–185). https://​doi.​
org/​10.​1007/​978-​94-​017-​7602-8_​12

Rots, V., & Plisson, H. (2014). Projectiles and the abuse of the use-
wear method in a search for impact. Journal of Archaeological 
Science, 48, 154–165. https://​doi.​org/​10.​1016/j.​jas.​2013.​10.​027

Rots, V., Hayes, E., Cnuts, D., Lepers, C., & Fullagar, R. (2016). Mak-
ing sense of residues on flaked stone artefacts: Learning from 
blind tests. PLoS One,11(3), Article e0150437. https://​doi.​org/​
10.​1371/​journ​al.​pone.​01504​37

Rots, V., Pirnay, L., Pirson, P., Baudoux, O., & Vermeersch, P. M. 
(2001). Experimental hafting traces. Identification and charac-
teristics. Notae Praehistoricae,21, 129–137.

Sánchez-Martínez, J., Torcal, R. M., Martínez-Moreno, J., Gilabert, X. 
R., & Roy-Sunyer, M. (2021). Carrying rocks: Hoarding behav-
iour in the Gravettian occupation of Cova Gran de Santa Linya 
(SE Pyrenees). Journal of Archaeological Science Reports, 41, 
Article 103125. https://​doi.​org/​10.​1016/j.​jasrep.​2021.​103125

Schiffer, M. B. (1987). Formation processes of the archaeological 
record. University of New Mexico Press.

Sharon, G., & Oron, M. (2014). The lithic tool arsenal of a Mousterian 
hunter. Quaternary International, 331, 167–185. https://​doi.​org/​
10.​1016/j.​quaint.​2013.​10.​024

Škrdla, P. (2006). Mladopaleolitické sídelní strategie v krajině: Příklad 
středního Pomoraví [The Upper Paleolithic settlement strategies: 
Middle course of the Morava River]. Přehledy výzkumů,47, 33–48.

Smith, K. M., Larroucau, T., Mabulla, I. A., & Apicella, C. L. (2018). 
Hunter-gatherers maintain assortativity in cooperation despite 
high levels of residential change and mixing. Current Biology, 
28(19), 3152–3157. https://​doi.​org/​10.​1016/j.​cub.​2018.​07.​064

Soressi, M., & Geneste, J.-M. (2011). The history and efficacy of the 
chaîne opératoire approach to lithic analysis: Studying techniques 

to reveal past societies in an evolutionary perspective. PaleoAn-
thropology, 2011(1), 334–350.

Soriano, S. (1998). Les microgravettes du Périgordien de Rabier à Lan-
quais (Dordogne): Analyse technologique fonctionnelle. Gallia 
Préhistoire, 40(1), 75–94. https://​doi.​org/​10.​3406/​galip.​1998.​2158

Soták, J. (1986). Stratigrafia a typológia vrchného triasu vo vonkajších 
jednotkách Západných Karpát. In I. Pragáč (Ed.), Zemný plyn a 
nafta XXXI (pp. 1–53). Moravské naftové doly.

Svoboda, J. (2019). The complexity of hunter-gatherers and the col-
lapse of the Moravian Gravettian. In M. Bárta & M. Kovář (Eds.), 
Civilisations: Collapse and regeneration: Addressing the nature 
of change and transformation in history (pp. 33–53). Academia.

Svoboda, J. A. (2020). Dolní Vestonice–Pavlov: Explaining Paleolithic 
Settlements in Central Europe. Texas A&M University Press.

Svoboda, J., Bocheńnski, Z. M., Čulíková, V., Dohnalová, A., 
Hladilová, S., Hložek, M., Horáček, I., Ivanov, M., Králík, M., 
Novák, M., Pryor, A. J., Sázelová, S., Stevens, R. E., Wilczyńnski, 
J., & Wojtal, P. (2011). Paleolithic hunting in a southern Moravian 
landscape: The case of Milovice IV. Czech Republic. Geoarchae-
ology, 26(6), 838–866. https://​doi.​org/​10.​1002/​gea.​20375

Taipale, N., Chiotti, L., & Rots, V. (2022). Why did hunting weapon 
design change at Abri Pataud? Lithic use-wear data on armature 
use and hafting around 24000–22000 BP. PLoS One,17(1), Article 
e0262185. https://​doi.​org/​10.​1371/​journ​al.​pone.​02621​85

Teschler-Nicola, M., Czerny, C., Oliva, M., Schamall, D., Schultz, M. 
(2006). Pathological alterations and traumas in the human skeletal 
remains from Mladeč. In: Teschler-Nicola, M. (eds) Early Modern 
Humans at the Moravian Gate. Springer. https://​doi.​org/​10.​1007/​
978-3-​211-​49294-9_​16

Teschler-Nicola, M., Fernandes, D., Händel, M., Einwögerer, T., 
Simon, U., Neugebauer-Maresch, C., Tangl, S., Heimel, P., Dob-
sak, T., Retzmann, A., Prohaska, T., Irrgeher, J., Kennett, D. J., 
Olalde, I., Reich, D., & Pinhasi, R. (2020). Ancient DNA reveals 
monozygotic newborn twins from the Upper Palaeolithic. Commu-
nications Biology. https://​doi.​org/​10.​1038/​s42003-​020-​01372-8

Tomasso, A., & Rots, V. (2021). Looking into upper Paleolithic gear: 
The potential of an integrated techno-economic approach. Journal 
of Anthropological Archaeology,61, Article 101240. https://​doi.​
org/​10.​1016/j.​jaa.​2020.​101240

Tomasso, S., Cnuts, D., Mikdad, A., & Rots, V. (2020). Changes in 
hafting practices during the Middle Stone Age at Ifri n’ Ammar. 
Quaternary International, 555, 21–32. https://​doi.​org/​10.​1016/j.​
quaint.​2020.​03.​026

Tringham, R., Cooper, G., Odell, G., Voytek, B., & Whitman, A. 
(1974). Experimentation in the formation of edge damage: A new 
approach to lithic analysis. Journal of Field Archaeology, 1(1–2), 
171–196. https://​doi.​org/​10.​1179/​jfa.​1974.1.​1-2.​171

Trinkaus, E., & Svoboda, J. (Eds.). (2006). Early modern human evolu-
tion in Central Europe: The people of Dolní Věstonice and Pav-
lov (Dolnověstonické studie, Vol. 12; Human evolution series). 
Oxford University Press.

Trinkaus, E., Buzhilova, A. P., Mednikova, M. B., & Dobrovolskaya, 
M. V. (2014). The people of Sunghir: Burials, bodies, and behav-
ior in the earlier Upper Paleolithic. https://​www.​amazon.​com/​
People-​Sungh​ir-​Behav​ior-​Paleo​lithic-​Evolu​tion/​dp/​01993​81054

van Gijn, A. L. (1990). Wear and tear of flint: Principles of functional 
analysis applied to Dutch Neolithic assemblages [Doctoral disser-
tation, Leiden University]. Analecta Praehistorica Leidensia, 22.

van Gijn, A. L. (2010). Flint in focus: Lithic biographies in the Neo-
lithic and Bronze Age. Sidestone Press.

Vanhaeren, M., & d’Errico, F. (2005). Grave goods from the Saint-
Germain-la-Riviére burial: Evidence for social inequality in the 
upper palaeolithic. Journal of Anthropological Archaeology,24(2), 
117–134.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Paleolithic Archaeology            (2025) 8:24 	 Page 21 of 21     24 

Vaughan, P. C. (1985). Use-wear analysis of flaked stone tools. Uni-
versity of Arizona Press.

Vencl, S. (2004). K otázce věrohodnosti archeologických map. In 
L. Šmejda & P. Vařeka (Eds.), Sedmdesát neustupných let (pp. 
257–271). Katedra archeologie FHS ZČU Plzeň.

Vignoles, A., Banks, W. E., Klaric, L., Kageyama, M., Cobos, M. 
E., & Romero-Alvarez, D. (2021). Investigating relationships 
between technological variability and ecology in the Middle 
Gravettian (ca. 32–28 ky cal. BP) in France. Quaternary Sci-
ence Reviews,253, Article 106766. https://​doi.​org/​10.​1016/j.​
quasc​irev.​2020.​106766

Visentin, D., Cecchetti, M., Fontana, F., & Conte, I. C. (2025). Trans-
port wear and its role in understanding prehistoric lithic raw mate-
rials management strategies. Journal of Archaeological Science: 
Reports,61, Article 104953. https://​doi.​org/​10.​1016/j.​jasrep.​2024.​
104953

Vít, T. (2014). Provenience valounů ze spodnobadenských štěrků pod 
Pavlovskými vrchy [Master’s thesis, Masaryk University, Faculty 
of Science]. Theses.cz. https://​theses.​cz/​id/​dnyifv/

Wilczyński, J. (2016). Variability of Late Gravettian lithic industries 
in southern Poland: A case study of the Kraków Spadzista and 
Jaksice II sites. Quaternary International, 406, 129–143. https://​
doi.​org/​10.​1016/j.​quaint.​2015.​10.​026

Wilczyński, J., Šída, P., Kufel-Diakowska, B., Mroczek, P., Pryor, A., 
Oberc, T., Sobieraj, D., & Lengyel, G. (2021). Population mobility 
and lithic tool diversity in the late Gravettian – The case study of 
Lubná VI (Bohemian Massif). Quaternary International,587–588, 
103–126. https://​doi.​org/​10.​1016/j.​quaint.​2020.​08.​046

Wilczyński, J., Wojtal, P., Łanczont, M., Mroczek, P., Sobieraj, D., & 
Fedorowicz, S. (2015). Loess, flints and bones: Multidisciplinary 
research at Jaksice II Gravettian site (southern Poland). Quater-
nary International, 359–360, 114–130. https://​doi.​org/​10.​1016/j.​
quaint.​2014.​04.​002

Yaroshevich, A., Kaufman, D., Nuzhnyy, D., Bar-Yosef, O., & Wein-
stein-Evron, M. (2010). Design and performance of microlith 
implemented projectiles during the Middle and the Late Epipaleo-
lithic of the Levant: Experimental and archaeological evidence. 
Journal of Archaeological Science, 37(2), 368–388. https://​doi.​
org/​10.​1016/j.​jas.​2009.​09.​050

Zilhão, J., & Trinkaus, E. (Eds.). (2002). Portrait of the artist as a 
child: The Gravettian human skeleton from the Abrigo do Lagar 
Velho and its archeological context (Trabalhos de Arqueologia, 
Vol. 22). Instituto Português de Arqueologia.

Zupancich, A. (2019). Understanding the use of Quina scrapers at 
Middle Pleistocene Qesem Cave (Israel) and its implication for 
the study of the Quina phenomenon in the Levant and beyond 
[PhD dissertation, Tel-Aviv University, Faculty of Humanities, 
The Chaim Rosenberg School of Jewish Studies, Department of 
Archaeology and Ancient Near Eastern Cultures].

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

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

