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Abstract

The Upper Palaeolithic (UP) of westernmost Europe was marked by technological and cultural transformations and abrupt
climatic shifts. The Iberian Peninsula, particularly southwestern Iberia, served as a refugia and key eco-cultural niche,
making it a key region for UP studies. Vale Boi, the only site in southwestern Iberia with a nearly complete UP sequence,
provides critical insights into technological, economical and mobility patterns over time. This study examines lithic raw
material procurement and technological organisation at Vale Boi, focusing on the differences between local and non-local
cherts. We analysed chert assemblages from Gravettian, Proto-Solutrean, and Solutrean levels, integrating previously
published techno-typological and raw material macroscopic and petrographic data. Our results indicate that non-local
cherts were intensively reduced. The presence of varied techno-typological classes suggests that non-local cherts were
not exclusively transported as finished tools, instead highlighting their role as versatile, transportable raw material vol-
umes. Gravettian occupations exhibited greater reliance on non-local cherts, suggesting short-term occupations and higher
mobility, while Proto-Solutrean and Solutrean occupations showed increased dependence on local materials, suggesting
long-term occupations. These findings expand our understanding of UP technological adaptations in southwestern Iberia,
emphasising the complex role of lithic resources in mobility, settlement, and social networks.

Keywords Upper palaeolithic - Lithic technology - Hunter-gatherer mobility - Chert procurement - Iberian peninsula

Introduction subsistence innovations (Straus 1991, 1993; Zilhdo 1997;
Bicho and Haws 2008; Bicho et al. 2011, 2017a; Cascal-
heira et al. 2017; Baker et al. 2024).

These innovations are believed to have resulted from

The Upper Palaeolithic (UP) in Europe, dating to approxi-
mately 40,000-10,000 years ago, was marked by significant

technological innovations, shifts in subsistence strategies,
and the emergence of diverse regional traditions (Straus
1995; Gamble et al. 2004).

In westernmost Europe, five main technocomplexes
have been identified within the UP—Aurignacian, Gravet-
tian, Proto-Solutrean, Solutrean, and Magdalenian—each
contributing new evidence on resilient behaviours and cul-
tural continuity. These technocomplexes are distinguished
by regional adaptations as well as technological and
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human adaptations and resilience to the shifting condi-
tions of the Late Pleistocene, which was marked by abrupt
climatic events such as the Heinrich events and the Last
Glacial Maximum (LGM) (Sanchez Goiii and Harrison
2010). These climatic shifts had a profound impact on
flora and fauna, with exception of spatially limited refugia,
likely disrupting settlement patterns and the organisation
of hunter-gatherer groups, ultimately leading to a process
of cultural reorganisation (Morin 2008; Bradtmdller et al.
2012; Schmidt et al. 2012), which has frequently been a
focus of UP research.

In particular, the Iberian Peninsula has been recognised as
a key region for studying UP adaptations and cultural tran-
sitions (e.g., Zilhdo 1997, 2021; Gamble et al. 2004; Fin-
layson et al. 2006; Jiménez-Espejo et al. 2007; Bicho et al.
2011, 2017b; Jennings et al. 2011; Bradtmdller et al. 2012;
Schmidt et al. 2012; Cascalheira and Bicho 2013; Aubry et
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al. 2016, 2022; Cascalheira et al. 2017, 2021; Zilhdo et al.
2017; Rasilla et al. 2020; Linscott et al. 2023). This signifi-
cance is largely due to its location in southwestern Europe,
which enabled it to maintain a relatively temperate climate
even during the coldest periods, such as the LGM. As a
result, the Iberian Peninsula served as one of Europe’s most
important glacial refugia (Hewitt 2000; Gémez and Lunt
2007; Gonzalez-Sampériz et al. 2010; Jennings et al. 2011,
Schmidt et al. 2012).

These refugia provided stable environments that were
continuously occupied by hunter-gatherers, leading to the
formation of eco-cultural niches—stable socio-ecological
systems where human settlements were recurrent, and cul-
tural adaptations were shaped by ecological constraints and
opportunities (Cascalheira et al. 2017). These eco-cultural
niches present a unique opportunity to examine long-term
dynamics in resource exploitation, offering valuable insights
into human adaptive strategies in response to cultural and
social transformations.

More specifically, southwesternmost Iberia has been
identified as a key eco-cultural niche for studying cultural
transitions and the role of this peripheral coastal region
within hunter-gatherer social networks. This is mainly due
to the archaeological site of Vale Boi, the only site in south-
western Iberia with a nearly complete UP sequence, making
it a crucial reference for examining long-term technologi-
cal and mobility patterns in the region (Cascalheira et al.
2017). Its well-preserved stratigraphic continuity allows
for a detailed analysis of cultural and technological trends
across different phases of the UP.

Research at Vale Boi has provided valuable insights into
hunter-gatherer subsistence strategies and technological
organisation (Manne et al. 2012; Bicho et al. 2013, 2017b;
Marreiros et al. 2015; Pereira et al. 2016a, b; Horta et al.
2019; Cascalheira 2019; Belmiro et al. 2021), and lithic
technology studies from this site have highlighted the
region’s shifting and complex role within the broader ter-
ritorial landscape.

In this context, comparisons between Vale Boi and
the Gravettian occupations in central Portugal and south-
ern Spain revealed marked regional differences, suggest-
ing more limited movement of people and information in
southwestern Iberia. These differences were suggested to be
related to Vale Boi’s peripheral location and the distinct eco-
logical characteristics of westernmost Algarve (Marreiros
and Bicho 2013). In contrast, Proto-Solutrean evidence
from the site indicates technological similarities and strong
connections with central Portugal (Belmiro et al. 2021),
while the Solutrean period stands out as a highly dynamic
phase at Vale Boi, during which the site functioned as a key
connection point between central Portugal and southern
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Spain, facilitating social networks and cultural exchanges
(Cascalheira 2013; Bicho et al. 2017b).

Expanding on these findings, recent research has further
refined our understanding of mobility and social networks
through lithic raw material studies at the site. Our team’s
recent work identified non-local cherts originating from
central Portugal and southern Spain in the UP lithic assem-
blages of Vale Boi (Belmiro et al. 2025). The proportions
of these materials varied throughout the UP with earlier
occupations (Gravettian) showing high frequencies of non-
local chert, while later phases (Proto-Solutrean and Solu-
trean) exhibited a marked decline. These findings suggest
the establishment and maintenance of extensive social net-
works connecting southwestern Portugal to southern Spain
and central Portugal as early as the beginning of the UP.

While previous studies have explored Vale Boi’s techno-
logical organisation, a direct analysis of how raw material
sourcing shaped lithic production strategies remains miss-
ing. This study bridges that gap by examining chert pro-
curement in relation to tool production, use, and discard,
providing critical insights into hunter-gatherer mobility,
settlement strategies, and social interactions across Iberia.

This paper presents a combined analysis of lithic technol-
ogy and raw material sourcing, aiming to refine our under-
standing of technological and social adaptations throughout
the UP in southwestern Iberia. By integrating archaeologi-
cal and ethnographic perspectives, we test expectations
regarding the organisation of hunter-gatherer technological
systems and their implications for mobility, resource man-
agement, and social interactions. In doing so, we contribute
to ongoing discussions about eco-cultural niches and the role
of southwestern Iberia within broader UP social networks.

Theoretical framework and objectives

Lithic technological organisation has long been a central
focus in archaeology, offering critical insights into past
human behaviour and adaptive strategies. It encompasses
all stages of stone tool production and use, from raw mate-
rial acquisition to discard. Nelson (1991) defines it as the
selection and integration of strategies for tool production,
use, transport, and maintenance, while Kelly (1988) empha-
sises its spatial and temporal dimensions within cultural
systems. These perspectives highlight the interrelationship
between raw material sourcing, mobility, and settlement
organisation—key factors in understanding hunter-gatherer
adaptations.

Raw material procurement is a fundamental aspect
of lithic technological organisation, as it played a crucial
role in the lives of past hunter-gatherer groups by deter-
mining the possibilities for tool production and use (Bam-
forth and Bleed 1997). Approaches focused on the study
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of raw materials provide key knowledge on several topics
of hunter-gatherer organisation such as procurement and
mobility strategies (Binford 1979; Gramly 1980; Binford
and Stone 1985; Gould 1985; Ambrose and Lorenz 1990;
Kuhn 1991; McCall 2007), occupation types and their dura-
tion (Torrence 1983; Kuhn 2004; Surovell 2009; Grove et al.
2023), and social networks and exchanges (Gamble 1999;
Whallon 2006). However, raw material studies often focus
on the characterisation of geological and archacological
raw materials to identify local and non-local raw materials
within an assemblage, their possible sources, and examine
their proportions within a site over different occupations and
periods.

While distance to source and raw material proportions
offer valuable insights, they represent only one aspect of
raw material procurement and management. A raw material-
focused approach alone is insufficient for comprehensively
understanding mobility patterns and technological organisa-
tion. Numerous studies and models from both ethnographic
and archaeological perspectives have demonstrated the
complex interplay between lithic technological variability,
raw material provisioning, and mobility. This has allowed
the identification of several patterns and the development
of hypotheses concerning these topics, which may be tested
and aid in interpreting data from specific sites and lithic
assemblages.

For example, technological variability within a lithic
assemblage may be explained by the abundance and qual-
ity of raw materials (Andrefsky 1994; Brown 1999; Oestmo
2017). Archaeological studies from varied geographical
regions such as western North America, Greece and Portu-
gal have shown that when raw materials in proximity to a
residential site are abundant and of good quality, a high per-
centage of formal tools are produced (Perlés 1992; Andref-
sky 1994), and artefacts show less reduction intensity and
decreased conservation through retouching (Thacker 2002).
When local raw materials are scarce or of low quality, non-
local resources are procured to produce mostly formal tools
(Perles 1992; Andrefsky 1994). Similarly, when groups
move to areas where raw material is scarcer or of poorer
knapping quality, more effort is placed into the preparation
of transportable cores and the production of tools (Kelly
1988).

However, the different patterns between local and non-
local raw material proportion and use in lithic assemblages
may be less obvious whenever prehistoric groups have easy
access to non-local raw materials due to high mobility or
exchanges between groups (Ericson and Earle 1982; Tor-
rence 1986; Brown 1999; Akerman et al. 2002; Oestmo
2017). Furthermore, Roth and Dibble (1998) demonstrate
that even in areas where good quality raw material is abun-
dant, non-local raw materials were still transported to the

site, often in the form of large blanks or trimmed cores, and
both local and non-local raw materials were retouched into
tools.

Tools, flakes and cores often functioned as portable
sources of raw material within mobile toolkits or during
non-local raw material procurement, enabling stone knap-
ping during periods of limited time or in environments with
scarce or unsuitable materials (Gould et al. 1971; Shott
1986; Kelly 1988; Perlés 1992; Kuhn 1994; Morrow 1996).
In this context, the transport of formal cores (e.g., blade
cores) and bifaces used as cores have been interpreted as
lightweight and reconfigurable raw material storage strate-
gies (Clark 1987; Kelly 1988).

Formal tools and the degree of tool maintenance have
also been associated with planned preparation, efficient use,
and transportability, reflecting their connection to mobile
settlement strategies, short-term site occupations (Torrence
1983) and the regional distribution of raw materials (Bam-
forth 1986). In some cases, non-local raw materials, trans-
ported as part of personal toolkits (frequently associated
with residential mobility), would primarily arrive at sites as
retouched pieces (Kuhn 2004). These artefacts would show
higher degrees of reduction and reworking (Kuhn 2004) and
a higher percentage of non-cortical flakes (Roth and Dib-
ble 1998), as they would have been in use for an extended
period before being discarded. When knapped on-site, non-
local materials also tended to exhibit higher proportions of
retouched tools compared to local materials.

Tool variability and size may also be impacted by mobil-
ity and uncertainty regarding raw material availability:
increased group mobility may create a pattern of limited
tool variability, and tools may become less specialised and
easily reconfigurable, such as retouched blanks (Odell 1981,
Siegel 1984; Shott 1986). Increased mobility also often
results in smaller tools (Shott 1986), although other authors
have noted that large tools may be well-suited to a mobile
lifestyle due to their extended use-life, allowing them to
remain functional in areas where raw materials are scarce or
unsuitable for knapping (Morrow 1996).

The proportions of local vs. non-local raw materials
discussed thus far have focused greatly on group mobility,
which is linked with residential mobility and occupation
duration. Residential mobility (e.g., foraging range size and
frequency of residential moves) is a defining characteristic
of hunter-gatherer societies and plays a central role in their
lifeways (Kelly 1995). It is a key factor driving changes in
lithic assemblages (Roth and Dibble 1998; Brown 1999;
Oestmo 2017) as it significantly impacts the cost and use
of artefacts and raw materials since they affect the relation
between the distance of raw material sources to sites (Kuhn
2004). As such, different raw material and technological
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patterns have been observed between short-term and long-
term occupations.

Short-term occupations have been observed to typically
rely on transported (non-local) toolkits (Torrence 1983)
and raw materials (Surovell 2009), show higher reduction
intensity, and an increased tools-to-debitage ratio in the
assemblages (Grove et al. 2023). In comparison, long-term
occupations may rely on provisioning sites with locally
available and suitable raw materials, while non-local mate-
rials are gradually used and discarded (Surovell 2009;
Grove et al. 2023). Non-local raw material cores have been
observed to be highly reduced and extensively exploited
(Roth and Dibble 1998; Kuhn 2004) and exhibit higher
blank-to-core ratios (Roth and Dibble 1998).

Altogether, different studies highlight significant vari-
ability in lithic assemblages and raw material proportions,
reflecting different facets of hunter-gatherer technologi-
cal organisation. This variability appears between behav-
iourally and ethnically similar sites (Bamforth 1986), across
distinct chrono-cultural periods, and even within a single
site among various raw materials. To fully understand past
hunter-gatherer behaviours, organisation, and lifeways, it is
crucial to examine all stages of lithic production— procure-
ment, distribution, use, maintenance, and discard—through
interconnected approaches that combine lithic technology
and raw material analyses.

This study aims to refine our understanding of lithic
resource provisioning, use, and management strategies
among the UP hunter-gatherer groups settled at Vale Boi. To
examine the role of chert procurement and reduction strate-
gies at Vale Boi we test several expectations and hypotheses
derived from the previously mentioned studies and mod-
els about raw material use and lithic technology organisa-
tion, focusing mainly on the different management of local
and non-local raw materials, associated with mobility and

Table 1 Expected results of the technological and metric comparison
between local and non-local cherts based on the interpretations and
hypotheses of previously mentioned archaeological and ethnographic
studies

1. Local raw materials

2. Non-local raw materials

la) Low use-lives, with knapping
strategies characterised by manu-
facture, use and discard

1b) Decreased reduction, larger
cores and debitage, lower blank-
to-core ratio

1¢) Decreased tool reworking,
low presence of retouch and/or
tool maintenance, and lower tool-
to-debitage ratio

1d) Higher tool typology
diversity

2a) Majority of formal tools, in
the case of individual provision-
ing or higher use-lives, with
knapping strategies character-
ised by the manufacture, use and
maintenance

2b) Increased reduction, smaller
cores and debitage, higher
blank-to-core ratio

2c¢) Increased tool reworking,
high presence of retouch and/

or tool maintenance, and higher
tool-to-debitage ratio

2d) Lower tool diversity, charac-
terised by less specialised tools
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occupation length, which are summarised in Table 1. These
expectations are tested through the comparison of local and
non-local chert technological and metric characteristics, and
used as heuristic devices to allow their comparison with the
observed patterns at the site of Vale Boi and establish pos-
sible interpretations.

Materials and methods
Site description

Vale Boi is located on the western coast of the Algarve
region, southern Portugal, at a latitude of N 37°5°24.1”
and longitude of W 8°48°32.4” (Gibaja and Bicho 2006;
the original site coordinates were converted from Degree/
Minute to Degree/Minute/Second), within a small valley
extending~2 km southward to the Atlantic Ocean (Fig. 1a).
The site is nestled among limestone outcrops that create
west- and southwest-facing rock shelters (Fig. 1b). Cover-
ing more than 10,000 square meters along the valley slope,
Vale Boi includes three main excavated areas, Slope, Ter-
race, and Shelter (Fig. 1c), which were excavated between
2000 and 2019 (Bicho et al. 2007, 2012, 2013; Manne et al.
2012; Cascalheira and Bicho 2013; Cascalheira et al. 2017).
Based on the available raw material and technological evi-
dence, particularly the macroscopic and petrographic data
(Belmiro et al. 2025), the Terrace and Shelter areas were
selected for the current study.

The Terrace area preserves occupations ranging from
the UP to the Early Neolithic. While excavations started
in 2000, an additional 8-square-meter trench was opened
in 2012 to refine the stratigraphic sequence and assess the
presence of earlier UP deposits. Between 2012 and 2016,
eight continuous primary litho-stratigraphic units were
identified. The top layer of the Terrace is highly disturbed
by agricultural works and followed by Neolithic and Epi-
paleolithic occupations. The latter can be found at the top
of level 3, followed by a continuous UP sequence, differ-
entiated through the sediment characteristics (e.g., colour
and grain, corresponding to numbers) and cultural horizons
(e.g., 4E and 5 attributed to the Proto-Solutrean based on the
lithic technology and radiocarbon dating, corresponding to
letters within the geological levels) (Belmiro 2020). The UP
sequence includes multiple occupations, spanning~ 10,000
years: Gravettian (levels 8 to 6) dated between approxi-
mately c. 32 and 27 ka cal BP, Proto-Solutrean (levels 5
to 4E) between approximately c. 26 and 24 ka cal BP, and
Solutrean (levels 4D, 4 C, 4, and Lower 3) between approxi-
mately c. 24 and 20 ka cal BP (Cascalheira et al. 2013a,
2017; Belmiro et al. 2021).
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Fig. 1 a) Location of the archaeological site of Vale Boi (black box)
within the Iberian Peninsula and approximate source locations of
cherts identified in the UP sequence of Vale Boi: (1) local Lower Juras-
sic (C arixian) chert formations, (2) Cretaceous formations of central
Portugal, in specific the Lisbon (bottom star) and Rio Maior (top star)

The Shelter area contains four main lithostratigraphic
units, with occupations from the Magdalenian, Solutrean,
and Gravettian periods. The Magdalenian and Gravettian
levels (Z and D, respectively) were partially eroded, while
the Solutrean levels represent the most intensive occupation,
with three well-preserved archaeological horizons (layers A

to C), dated to approximately c. 24—22 ka cal BP. These
occupation levels were found beneath blocks of limestone

that likely collapsed from the rock shelter ceiling, probably
shortly after the LGM (Cascalheira 2010; Cascalheira et al.

2017).

areas, (3) Upper Jurassic formations of the Betic Systems; b) photo of
the limestone hill with terrace and shelter locations; ¢) schematic of the

site area. Figures b-¢) were adapted from Cascalheira et al. 2017. Fig-
ure a) was produced with resource to the open-source software QGIS

(https://qgis.org/)

The site’s lithic assemblages represent all stages of stone
tool production, with raw material use varying by occupa-
tion. Technological analyses of these assemblages have
provided insights into the adaptive strategies of UP hunter-
gatherers at Vale Boi, revealing technological shifts across
different cultural phases. Given the chosen sample for this

study (see Section Datasets and analysis), we summarise
here the results for the technological analysis of the Solu-
trean assemblages (levels A-C) of the Shelter (Cascalheira
2010; Cascalheira et al. 2013b) and the Proto-Solutrean
assemblages (levels 4E-5) of the Terrace (Belmiro 2020;
Belmiro et al. 2021). The Gravettian occupations (levels
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6—-8) of the Terrace have been recently studied, but the
results remain unpublished.

The lithic analysis of the Solutrean levels from the Shel-
ter (levels A-C) shows a high number of lithic artefacts, with
over 22,000 artefacts analysed (including chips which cor-
respond to ~60% of the assemblage and shatter~17-19%).
The volumes introduced into the site were mostly cortical,
given the high frequencies of cortex in blanks and retouched
tools. The knapping strategies are dominated by unidirec-
tional and bidirectional prismatic cores, with frequent
core maintenance products. Flakes dominate the debitage
assemblage, and endscrapers, notches, splintered pieces
and retouched blanks are the most common retouched tools.
Stemmed and winged points, laurel leaves, and shouldered
points were also identified (Cascalheira 2010; Cascalheira
et al. 2013b).

The Proto-Solutrean horizons yielded more than 26,500
artefacts (including chips which correspond to ~65-70% of
the assemblage and shatter~20%), ~ 11,000 attributed to the
bottom of Terrace’s level 5, and ~ 15,600 attributed to the top
of level 5 and level 4E. Both horizons are characterised by
knapping strategies dominated by unidirectional prismatic
cores, with little platform preparation, focused on the obten-
tion of bladelets (in bottom level 5) and flakes. Retouched
tools are dominated by splintered pieces, endscrapers and
retouched blanks, with Vale Comprido points (the Proto-
Solutrean fossil director) being barely inexistent in chert
and mostly produced in dolerite (Belmiro et al. 2021).

Previous studies showed that the main raw materials used
at the site are chert, quartz, greywacke and smaller amounts
of chalcedony, with the percentages of these changing
across occupations. Notably, the lower Proto-Solutrean lev-
els show high frequencies of quartz (Belmiro et al. 2021),
whereas chert becomes the dominant raw material in the
Solutrean occupations of the Shelter (Cascalheira 2010).
Likewise, different raw materials appear to have been used
for specific purposes, with chert being particularly associ-
ated with the production of high percentage of blanks and
retouched tools, and greywacke being extensively used for
anvils (Horta et al. 2019).

Quartz and greywacke are locally available from stream-
beds near the site, whereas regional chert and chalcedony
sources lie further afield, within a~20 km radius (Pereira
et al. 2016a, 2016b). Our previous studies showed, as
expected, the existence of local cherts in the assemblages
(Fig. 2a), originating from the Lower Jurassic (cherts) and
Triassic (chalcedony) outcrops in proximity to the site
(Fig. 1al) (Belmiro et al. 2025). Despite petrographic dif-
ferences between cherts and chalcedony, for this study any
chert varieties (e.g., chalcedony or jasper) are referred to
as chert (Luedtke 1978). A significant portion of non-local
cherts was also identified (Fig. 2b-c), with some identified
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sources, such as the Cretaceous outcrops of central Portugal
(Lisbon and Rio Maior areas, Fig. 1a2) corresponding to the
T6 cherts (Fig. 2b) and the Upper Jurassic oolitic/peloidal
cherts of the Betic Systems in southern Spain (Fig. 1a3),
corresponding to the T7 cherts and possibly the T9 cherts
(Fig. 2b). This indicates varying degrees of contact or long-
range mobility throughout the UP, likely influenced by shifts
in settlement patterns and the duration of site occupation.
Previous research suggests that both the Terrace and
Shelter functioned as seasonal residential camps, repeatedly
occupied for extended periods by culturally resilient groups
of hunter-gatherers (Tata et al. 2014). This interpretation is
based on high-density lithic assemblages, evidence of tool
manufacture, diverse faunal remains (marine and terrestrial)
and subsistence practices, personal ornaments and portable
art (Manne et al. 2012; Tata et al. 2014). Subsistence pat-
terns and faunal analysis have been key for understanding
seasonality, as the presence of neonate bones in combination
with adult remains suggests an occupation during spring
and early summer (Manne 2010). The faunal analysis also
shows continuity through the UP with red deer, horse and
rabbit (Manne and Bicho 2011), marine shells albeit with
a small reduction during the Solutrean, possibly related to
coastline distance changes (Manne et al. 2012), and the per-
sistent use of techniques such as grease rendering associ-
ated with heat-cracked rocks (Manne and Bicho 2011). This
residential occupation and continuity have been identified in
most of the UP occupations, although with some exceptions.
Cascalheira et al. (2017) applied the Whole Assemblage
Behavioural Index (WABI) (Riel-Salvatore and Barton
2004; Riel-Salvatore 2010) to reconstruct and compare
mobility strategies at Vale Boi. This method assumes that
residential or logistical mobility can be discerned by the
relation between the lithic volumetric density of an archae-
ological horizon and the frequency of retouched tools. By
analysing lithic volumetric density and retouched tool fre-
quencies from the Shelter’s Solutrean (Cascalheira 2010;
Cascalheira et al. 2013b) and Magdalenian (Mendonga
2009) levels, as well as the Terrace’s Gravettian levels
(Marreiros et al. 2015), the authors noted that most occu-
pations were composed of high-density assemblages with
low degree of retouch. Technological data from the site also
noted that the occupations were also mainly characterised
by expedient technological patterns. These were interpreted
as the result of long-term residential base camps, except for
the Early Gravettian and Magdalenian occupations which
showed low-density and high degree of retouch, thus pos-
sibly the result of logistical, short-term camps. Regarding
the Terrace area, however, the results were based on previ-
ous excavations (<2012), and the identification of new lay-
ers and reorganisation of the occupations is yet to be tested
through the use of lithic techno-typological methods.
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Fig. 2 Simplified scheme of chert types identified in the UP sequence
of the terrace and shelter areas of vale boi: (a) local chert macroscopic
variability (T1 to T5), including chalcedony (T1; top left); (b) non-
local chert types present in all occupations except for T11 which is

only present in the Solutrean; (¢) TLO9 (left) and TLO6 (right) varieties
within the trace lithologies group (TL) composed of non-local cherts
with 1-3 samples per TL type and limited to specific archaeological
levels and areas. Summarised from Belmiro et al. (2025)
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A similar conclusion was suggested based on the inter-
pretation of the chert sourcing and proportions in the several
UP occupations of the Terrace and Shelter of Vale Boi and
following other models relating local/non-local raw materi-
als with mobility (Surovell 2009; Grove et al. 2023). The
Gravettian occupations (levels 6 and 7) showed high pro-
portions of non-local chert (~50%), with a gradual reduc-
tion in the following occupations. This high frequency of
non-local cherts was unexpected, as previous studies focus-
ing on technology had identified key typological differences
between different regions, suggesting a Vicentine facies
(Marreiros et al. 2015). This regionalisation was interpreted
as either ecological adaptations or as a cultural/geographi-
cal divide between central Portugal, southwestern Portugal
and Mediterranean Spain, strengthened by the identification
of culturally resilient behaviours across all the UP at Vale
Boi (Manne et al. 2012, 2014; Tata et al. 2014), weakening
interpretations related seasonal group mobility across long
distances from elsewhere to Vale Boi. Instead, the high fre-
quencies of non-local chert were interpreted as a possible
result of settlement changes. In this sense, possibly through
exchanges with other groups, Gravettian groups obtained
long-distance raw materials which were transported to the
site of Vale Boi, where the short-term character of the occu-
pation with frequent moves led to the exploitation of the
transported cherts and less necessity to heavily rely on local
cherts. The following occupations were interpreted as resi-
dential, long-term occupations with more infrequent moves,
where the transported cherts would be exploited but reliance
on local cherts would increase due to less mobility, lead-
ing to an increase in frequency when compared to non-local
cherts (Belmiro et al. 2025).

Datasets and analysis

The current study focuses on the correlation between the
techno-typological analysis and the geoarchaeological
study of the chert lithic assemblages of the UP of Vale Boi.
It integrates previously collected datasets, which have been
published or are openly accessible in online repositories,
allowing for transparency and reproducibility.

The macroscopic and petrographic data of cherts was
previously collected and published by our team (Belmiro
et al. 2025) and can also be found in an online repository (h
ttps://www.https://doi.org/10.17605/OSF.IO/DBFT2). This
study focused on the UP chert assemblages of Vale Boi,
especially the Gravettian (levels 6 and 7), Proto-Solutrean
(levels 4E and 5) and Solutrean (levels 4 to 4D) from the
Terrace area and the Solutrean (levels A to C) from the Shel-
ter area. The full methodology used in the study, dataset and
supporting documents can be found in the article and the
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online repository. We present here the summarised method-
ology used in the study.

The macroscopic analysis was done with resource to a
hand lens followed by observation under a stereomicro-
scope (Nikon SMZ25), to identify chert types based on
characteristics such as colour, lustre or the presence/absence
of inclusions and fossils, according to other studies and spe-
cialised literature. Other characteristics such as the type of
cortex and the presence of alterations were also recorded.
A following petrographic analysis of 22 thin sections were
used to further characterise the chert types and solidify the
validity of the macroscopic groups—thin sections were
made of all major chert types identified in the Terrace area
with the goal of obtaining several thin sections of heteroge-
neous chert types. The thin section analysis was carried out
using a polarised light microscope (Nikon LV100ND) and
focused on the identification of texture, orthochem compo-
sition, presence of allochems and bioclasts, porosity and
other existing structures, following specialised literature.
The data dictionaries used for these analyses can be found
in their original research compendium (https://doi.org/10.17
605/0OSF.IO/DBFT2). The results were then compared with
previous works by our team on geological samples using the
same methodology (Belmiro et al. 2023) and on geologi-
cal samples from the Cretaceous cherts of central Portugal,
available in the LusoLit lithotheque at the ICArEHB labora-
tory and collected in previous prospection works (Pereira
et al. 2016b). Samples from the Betic Systems, available at
the Unit of Geoarchaeology and Archaeometry Applied to
Historic Artistic and Monumental Heritage from the Uni-
versity of Cadiz (Spain) were also characterised through a
macroscopic approach (stereomicroscope) and compared to
the archaeological artefacts.

The Solutrean assemblage technological analysis was
published by Cascalheira (2009) as part of a Master’s thesis
and following publications (e.g., Cascalheira 2010; Cascal-
heira et al. 2013b), with the study of levels A to C of the
Shelter area. The dataset used for this study was not origi-
nally published but can be consulted in our online repository
(http://www.https://doi.org/10.17605/OSF.IO/UWMPK).

The Solutrean analysis in this study is limited to the Shel-
ter area due to the inexistence of technological studies for the
better preserved Solutrean levels of the Terrace (e.g., level
4). However, and as seen in (Belmiro et al. 2025), the raw
material patterns seem to show little differences between the
Solutrean in both areas; coupled with the similar radiocar-
bon dates between the areas (c. 24—22 and 24—20 ka cal
BP), we assume that they are representative of similar, long-
term, residential occupations which aptly characterise the
Solutrean groups of Vale Boi.

The Proto-Solutrean technological analysis was the
result of a Master’s thesis (Belmiro 2020) and following


https://doi.org/10.17605/OSF.IO/DBFT2
https://doi.org/10.17605/OSF.IO/DBFT2
https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/DBFT2

Archaeological and Anthropological Sciences (2025) 17:220

Page 9 of 24 220

publication (Belmiro et al. 2021), with the study of levels
4E and 5 of the Terrace area. The dataset and analysis can
be consulted in the original online repository (http://www.h
ttps://doi.org/10.17605/OSF.IO0/456EG).

Finally, the Gravettian technological analysis was the
result of a recent and unpublished study, focusing on the
chert lithic artefacts from levels 6 and 7 of the Terrace area
(>2012 excavations). This dataset and preliminary techno-
logical analysis results can be found in our online repository
(http://www.https://doi.org/10.17605/OSF.I0/UWMPK)
and in Online Resource 1.

One challenge of integrating datasets collected by differ-
ent researchers is variability in methodologies and recorded
variables. However, this study minimises such inconsisten-
cies by ensuring methodological alignment across datasets,
as all data collection followed standardised attribute-based
lithic analysis protocols, already described in previous pub-
lications (Belmiro et al. 2021; Cascalheira 2010) and avail-
able for consultation also in online repositories (see https
://doi.org/10.17605/0OSF.I0/456EG for the data dictionary
used in Belmiro et al. 2021). An abridged data dictionary
with variables used in this study (in the statistical analysis
of previously collected data or used in the analysis of the
Gravettian assemblage) can be found in Online Resource
2. The lithic analysis datasets used in this study adopted an
attribute-based methodology, which aims to describe mor-
phological and metrical attributes of technological classes.
The attributes analysed followed those present in special-
ised literature, such as Brézillon (1968) and (Tixier et al.
1980), paired with other Palaeolithic lithic attribute analyses
(e.g., Bicho 1992; Zilhdo 1997; Tostevin 2012; Cascalheira
2019).

After data collection, the databases were imported into
R Programming Environment, where the information was
processed through the creation of descriptive statistical
analysis and writing of this article. Some differences in the
collection process, especially between the study by Cascal-
heira (2010) and the following studies, required homogeni-
sation. For example, where in Cascalheira (2010) retouch
was an independent variable (e.g., Class as flake, Retouch

Table 2 Sample absolute number comparison between original tech-
nological analysis datasets (chert and chalcedony only, excluding
chips) for the Solutrean occupation of the Shelter area (levels A-C)
published in Cascalheira (2010), the Proto-Solutrean occupation of the
Terrace (levels 4E and top of 5) published in Belmiro et. al., (2021) and
the Gravettian occupation of the Terrace (levels 6-7) and the final data-
sets used in the study after filtering individually plotted IDs (excluding
bucket points) and merging with the geoarchaeological dataset pub-
lished in Belmiro et al., (2025)

Assemblage Original dataset (n) Merged dataset (n)
Shelter level A-C 3290 910
Terrace level 4E-5 1413 635
Terrace level 4E-5 781 766

as Yes), in Belmiro et al. (2021), retouch was identified as
Class variable. In this situation, the Solutrean dataset was
modified so that all artefacts with retouch were identified
in the Class variable, instead of the original classification.
All changes applied to the original data made for homogeni-
sation between datasets can be consulted in the R Studio
scripts in our online repository (http://www.https://doi.org/
10.17605/0SF.I0/UWMPK).

To integrate technological and raw material data, we
merged multiple datasets using the artefact identifier (“ID”),
which corresponds to total station plot records. This identi-
fier links artefacts to either precise excavation coordinates
(for individually plotted pieces) or generalised spatial data
(for sieved assemblages).

Given that the raw material analysis focused exclusively
on individually piece-plotted artefacts (dimensions>2 cm
or complete bladelets<2 cm), the final dataset does not
include all excavated material but retains the most diag-
nostically relevant pieces for analysis. As a result, the final
dataset used in this study does not directly correspond to the
full datasets analysed in the original studies (Table 2). Simi-
larly, the raw material study used only currently accessible
artefacts from the assemblages. This is especially relevant
for the Shelter Solutrean chert assemblage, where shatter
is absent from the sample due to the lack of availability for
study.

A limitation of this study is its reliance on a subset of
the total lithic assemblage, which excludes small debris.
While this may omit some aspects of on-site knapping
activities, the analysed sample remains representative of the
broader technological trends at Vale Boi throughout the UP
sequence.

Following data homogenisation and integration, we con-
ducted descriptive statistical analyses and non-parametric
statistical analyses to examine correlations between raw
material use and technological patterns and test expectations
related to the technological organisation of local and non-
local cherts (see Table 1), and between different UP occupa-
tions. To test these expectations, we evaluated 9 parameters
for each dataset and assemblage; the parameters and their
calculation/measurement methods are detailed in Table 3.

The entirety of the R code used for the analysis, datas-
ets, and visual representations contained in this paper can
be accessed through our online repository (http:/www.https
://doi.org/10.17605/0SF.I0O/UWMPK). We used the rrtools
package by Marwick et al. (2018) to create a research com-
pendium and write a reproducible journal article. The pro-
vided files include the complete set of raw data used in the
analysis, along with a custom R project (Wickham 2015)
containing the code required to generate all tables and fig-
ures. To enable maximum reuse, the code is made available

@ Springer


https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/456EG
https://doi.org/10.17605/OSF.IO/456EG
https://doi.org/10.17605/OSF.IO/UWMPK
https://doi.org/10.17605/OSF.IO/456EG
https://doi.org/10.17605/OSF.IO/456EG

220 Page 10 of 24

Archaeological and Anthropological Sciences (2025) 17:220

Table 3 Analysis parameters used in the study, calculation/measure-
ment used for each parameter, and unit of the parameter results after
analysis. Parameters concerning size and ratios (P4-7) included only
complete artefacts

Parameter Calculation/Measurements Unit

N retouched tools / Total assem- %
blage * 100
N cores / Total assemblage * 100 %

N maintenance products / Total %
assemblage * 100

Length, Maximum Width, Weight mm

P1 - Frequency of
retouched tools

P2 - Frequency of cores

P3 - Frequency of main-
tenance products

P4 - Debitage sizes

PS5 - Tool to debitage ratio N tools / N debitage ratio

P6 - Core sizes Length, Maximum Width, Weight mm

P7 - Blank to core ratio N blanks / N cores ratio

P8 - Tool diversity N of retouched typologies N

P9 - Tool specialisation N of retouched blanks vs other N
typologies

under the MIT license, data under CC-0, and figures under
CC-BY (additional details can be found in Marwick 2017).

Results

Results are structured according to the predefined analytical
parameters, comparing local and non-local cherts (Fig. 2)
across different assemblages. A comprehensive description
of each assemblage and detailed tables for all analyses are
provided in Online Resource 1.

Blanks and blank fragments represent the most abundant
lithic class in all assemblages, accounting for over 40% of
artefacts across all chert types (Fig. 3; Online Resource 1,
Tables sl, s4 and s6). Within complete blanks, flakes are
the most frequent in all chert types and all assemblages
(~25-45%; Fig. 3; Online Resource 1, Tables sl, s4 and
s6), with elongated blanks (blades and bladelets) being
present in smaller numbers (Fig. 3). As expected, cores are
present in lower frequencies (~3-8%) but are more numer-
ous in local cherts than in non-local types and absent from
the TL group. In the Proto-Solutrean assemblage, non-
local chert cores are rare, with only T7-9 yielding a small
number (n=4 complete cores, n=2 core fragments; Online
Resource 1, Table s4). Albeit in very small numbers (n<10)
in the Gravettian and Solutrean assemblages, core prepa-
ration and maintenance products are also present in local
and non-local cherts, especially in the non-local types which
show the larger sample number, such as T6-7 (Fig. 3; Online
Resource 1, Tables s1 and s6). In the Proto-Solutrean assem-
blage, core preparation and maintenance products are only
present in non-local cherts and in very small numbers (n=2;
Online Resource 1, Table s4). The presence of knapping by-
products such as shatter is also seen in both local and non-
local cherts in the Gravettian (Fig. 3a) and Proto-Solutrean
(Fig. 3b) assemblages. Retouched tools are present in all
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Fig. 3 Class by chert type in the Gravettian (a), Proto-Solutrean (b) }
and Solutrean (¢) assemblages. Labels within the plots correspond
to the number of artefacts within each class. Only labels of n>4 are
shown

chert types across all assemblages. In general, local cherts
exhibit lower retouch frequencies than non-local cherts,
though the total number of retouched tools varies signifi-
cantly between assemblages (Fig. 3; Online Resource 1,
Tables s1, s4 and s6).

The Gravettian assemblage exhibits the highest propor-
tion of retouched tools (~21%; Fig. 3a). Tool diversity is
greater among non-local cherts, which contain a high fre-
quency of generalised tools (e.g., notches, retouched pieces)
alongside hunting implements such as backed bladelets
(Online Resource 1 Table s3). The abundance of burins is
also clear in the Gravettian assemblage, making up the most
present retouched tool type (n=>54), with an associated pres-
ence of burin spalls (~4%) in higher percentages than in
other assemblages (Online Resource 1 Tables sl and s3).
In comparison to the Gravettian, other assemblages show
smaller numbers of retouched tools (<10%, Fig. 3b and c¢).
While in the Proto-Solutrean (Online Resource 1 Table s5)
no significant difference was identified between local and
non-local retouched tools, in the Solutrean assemblage
(Online Resource 1 Table s7) both tool diversity and tool
specialisation are higher in local cherts.

Retouched tools were further explored through the tools-
to-debitage ratio (Fig. 4a, Online Resource 1 Table s8). In
general, the results show that non-local chert types have
higher tool-to-debitage ratios than local types, albeit with
differences between assemblages. The Gravettian assem-
blage shows the highest tool-to-debitage ratios compared
to the remaining assemblages; non-local cherts show ratios
above 0.9, while local cherts show values below 0.5. In
the Proto-Solutrean non-local cherts show ratios between
0.3 and 0.5, while local cherts show ratios below 0.3. This
pattern is less clear in the Solutrean assemblage since the
ratios are the lowest of all assemblages. Non-local cherts
show ratios above 0.1 (with exception of T8) while local
cherts show ratios below 0.1 (with exception of T1; Online
Resourcel Table s8 ¢).

Blank-to-core ratios were analysed across assemblages
(Fig. 4b, Online Resource 1 Table s9). In all cases, local
cherts generally exhibit lower blank-to-core ratios than non-
local cherts, though variability in core sample sizes may
influence these patterns. For the Gravettian assemblages,
the results reveal that non-local cherts show ratios above 7
(with the exception of T10), while local cherts have ratios
located below 4. The Solutrean assemblage also shows
higher ratios for non-local cherts (>12), with local cherts
showing ratios below 7. The Proto-Solutrean assemblage
has most blank-to-core ratios below 10, except for non-local
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T7. However, non-local cores are poorly represented within
the assemblage (Fig. 4b, Online Resource 1 Table s4).

The sizes of flakes, elongated blanks and cores were
explored through scatterplots of width and length (Figs. 5,
6 and 7a) and boxplots for weight (Figs. 5, 6 and 7b) and
through non-parametric statistical tests; complete tables
with descriptive statistics and non-parametric statistical test
results can be found in Online Resource 1 Tables s10-12 and
s13, respectively.

The scatterplots and boxplots show different patterns
across the different classes. In the Gravettian assemblage
(Fig. 5), non-local chert flakes are significantly smaller than
local chert flakes in both length (<25 mm), width (<21 mm)
and weight (<6 g), with p values of 4e-4, 0.04 and 7e-3,
respectively (Online Resource 1, Table s13). While local
chert flakes also cluster below 25 mm in width and length,
they display greater variability and a higher number of out-
liers. The same patterns can be seen in the Proto-Solutrean
assemblage (Fig. 6), where weight also shows statistically
significant differences between chert types (0.01; Online
Resource 1, Table s13), with non-local types showing
smaller values. In comparison, in the Solutrean assemblage
(Fig. 7), only non-local chert flake length seems to show
statistically significant smaller values (p value of 1e-3) than
local flakes (Online Resource 1, Table s13), being mostly
concentrated below ~30 mm, while local chert blank lengths
are more variable.

For elongated blanks and cores, size and weight dif-
ferences between local and non-local cherts are less pro-
nounced than those observed in flakes. Regarding elongated
blanks, it is clear that in the Gravettian assemblage, the larg-
est number of artefacts is concentrated within what would
be the bladelet classification (<12 mm in length). While
not statistically significant, alike flakes, elongated blanks in
non-local cherts show smaller measurements (Fig. 5; Online
Resource 1, Table s10), especially T6 and T7 (<12 mm
in width and <25 mm in length) when compared to local
types, especially T2-5 (>17 mm in width and >30 mm in
length). In the Proto-Solutrean and Solutrean occupations,
there seems to be a slight increase in the size variability,
making the presence of blades more pronounced than in
the Gravettian assemblages (Figs. 6 and 7). Similarly to the
Gravettian assemblage, the Proto-Solutrean and Solutrean
elongated blanks show slightly smaller mean values in non-
local cherts than in local cherts (Online Resource 1, Table
sl1 and s12), although none of the differences seem to be
statistically significant (Online Resource 1, Table s13 b). It
is key to note however, that the sample size for elongated
blanks is much smaller than that of flakes (Fig. 3).

Regarding cores, in the Gravettian assemblage (Fig. 5),
there is a cluster of non-local chert cores below the 25 mm
width and length, while in general, local chert cores seem

to be more variable. Especially regarding weight, T6 cores
(non-local) show lighter cores (~ 12 gr means) compared to
local cherts (Online Resource 1, Table s10). In the Solutrean
assemblage (Fig. 7), weight is the only measurement where
differences can be seen between local and non-local chert
cores; similarly to the Gravettian assemblage, T6 cores
show slightly smaller cores (~ 18 gr means) than local cherts
(~22 gr means; Online Resource 1, Table s12). Despite these
differences, the statistical tests applied to the dimensions
between local and non-local chert cores show no statisti-
cally significant differences between the groups (p>0.05;
Online Resource 1, Table s13). The Proto-Solutrean assem-
blage (Fig. 6) contains a limited sample of non-local chert
cores (n=4), preventing clear pattern identification. How-
ever, as in other assemblages, local chert cores display a
broad size range (~15-50 mm in width/length, ~3-85 g in
weight; Online Resource 1, Table s11).

Following the analysis parameters, the results described
above can be found in Table 4, and can be summarised as
follows:

In the Gravettian assemblage, retouched tools (P1) are
present in higher frequencies in the non-local cherts, as well
as in core preparation and maintenance products (P3). Cores
are present even in non-local chert types (P2). Debitage sizes
(P4) show smaller sizes and weights for non-local cherts.
Tool-to-debitage ratios (P5) are significantly higher in non-
local cherts. Core sizes (P6) are slightly smaller in T6, a
non-local chert, and the blank-to-core ratios (P7) are higher
in non-local cherts. Tool diversity (P8) is higher in non-local
cherts, although with high frequency of less specialised tools
such as notches and retouched blanks, alongside burins and
hunting implements such as backed bladelets (P9).

Compared to the Gravettian, the Proto-Solutrean assem-
blage contains fewer retouched tools (P1), with non-local
cherts exhibiting slightly higher retouch frequencies. Non-
local chert cores (P2) are rare, though evidence suggests
knapping occurred on-site. Core preparation and mainte-
nance products (P3) are only present in non-local cherts,
albeit in very small numbers (n=2). Blank sizes (P4) and
core sizes (P6) are slightly smaller in non-local cherts
and elongated products seem to be more variable in size.
Regarding the ratios, tool-to-debitage ratios (P5) are higher
in non-local cherts, albeit smaller than those seen in the Gra-
vettian assemblage, and blank-to-core ratios (P7) are also
higher in non-local cherts. Little differences were observed
in tool diversity (P8) and specialisation (P9) between local
and non-local cherts.

Finally, the Solutrean shows no relevant differences in
the frequencies of retouched tools (P1) and core preparation
and maintenance products (P2) between local and non-local
cherts, with only slightly higher frequencies in the non-local
cherts. In general, the retouch frequency is lower than that
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Table 4 Summarised results for analysis parameters between grouped chert types (local and non-local) by assemblage. Core sizes (P6) for the
local proto-solutrean cherts are presented in mean values instead. * refers to the levels of significance from the non-parametric statistical tests: *
significant p values (<0.05); ** very significant p values (< 0.01); *** highly significant p values (0.001)

Gravettian Proto-Solutrean Solutrean
Parameters Local Non-local Local Non-local Local Non-local
P1: Retouched tool % ~33-28% 7.30% 15-19% 1.50% 3-18%
P2: Core % 5.2-8.5% ~3.5% 9.20% n<4 10.70% 3-6%
P3: Maintenance products % 1.40% - n=2 1.30% 3.50%
a) Width 21.4% 19.3* 18.8 17.7 18.2 20.1
b) Length 25.3%%%* 20.9%%** 22.1* 19.1* 24 20.7%**
c) Weight 3.2%* %% 2.5 22 1.9 1.55
P4b: Blank sizes, elongated blanks (median)
a) Width 10.7 9.01 11 10.4 11.4 10.2
b) Length 27.4 23.7 29 21.5 28 28
c) Weight 1.4 0.6 1.2 0.7 1.25 0.9
P5: Tool-to-debitage ratio 0.25-0.5 0.9-1.0 <0.1-0.2 0.3-0.5 <0.1 0.1-0.3
P6: Core sizes (median)
a) Width 27.6 29.7 29.7 - 30.7 26
b) Length 29.6 21.9 27.5 - 28.3 25.6
c) Weight 20 11.8 22.5 - 16.5 11.7
P7: Blank-to-core ratio 2.6-3.6 ~8 4-8.7 - 2.5-7 11.2-25
P8: Tool diversity 5 8 8 8 9 5
P9: Tool specialisation + - + - + -

observed in the previous assemblages. Cores are present in
relevant quantities in non-local chert types (P2). Debitage
(P4) mass is slightly smaller in non-local cherts, although
with larger widths in flakes. Despite the statistically non-
significant differences between local and non-local chert
elongated blanks, these debitage products show the wider
variability of sizes (and higher occurrence of blades) of
all the assemblages. Core (P6) sizes show slightly smaller
values for T6. Similarly to the Proto-Solutrean, tool-to-deb-
itage ratios (P5) and blank-to-core ratios (P7) are slightly
higher in non-local cherts. Both tool diversity (P8) and tool
specialisation (P9) are higher in local cherts.

Discussion

Our findings confirm initial expectations regarding mobil-
ity patterns, raw material use, and technological strategies
in southwestern Iberia during the UP. While core reduction
differences between local and non-local cherts were antici-
pated (Table 1a-b), these differences were largely shaped by
transportation strategies used to bring non-local cherts to
Vale Boi. As such, the occurrence of non-local chert cores
at Vale Boi depended on whether these materials arrived as
finished tools or blanks—Ilikely reflecting an individual pro-
visioning strategy (Kuhn 2004)—or as trimmed cores and
larger stone volumes, aligning with site provisioning mod-
els (Clark 1987; Kelly 1988; Roth and Dibble 1998; Kuhn
2004).

Non-local chert cores appear in all studied assemblages,
though in limited numbers (e.g., in the Proto-Solutrean).
While chips—often proxies for on-site knapping—were
not analysed, the presence of knapping by-products, such
as shatter (except in the Solutrean assemblage; see Section
Datasets and analysis), and core preparation and mainte-
nance products in non-local cherts suggests active core
reduction and on-site knapping.

This seems to align with other examples from western
Europe, where during the Gravettian, transportation of raw
materials over 200 km was made through blocks or pre-
forms. These were interpreted as an anticipated preparation
for a logistical hunting, short-term occupation (Delvigne et
al. 2019). A similar pattern can be seen in the Coa Valley
also during the Gravettian, where non-local raw materials
arrived as nodules and can be seen in the archaeological
record as cores, core preparation, and maintenance prod-
ucts, indicating on-site knapping. However, these long-dis-
tance raw materials also show reduction sequences limited
to the final stages of bladelet production and blank reuse,
indicating different strategies of transportation within the
same occupations (Aubry et al. 2016).

Our results indicate that non-local chert types were
introduced to Vale Boi as cores or nodules, subsequently
knapped on-site. The presence of knapping of these raw
materials, however, does not discard the possibility of a
combined strategy of core/nodule transportation, alongside
blank and tool transportation within the same chert types. In
fact, given the previously mentioned example of the Gra-
vettian occupation of Coa Valley, this may present the most
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parsimonious interpretation. An exception may be seen in
TL cherts (TL2-6, TL9-10, TL14; Online Resource 1 Table
S2), which lack associated cores and knapping debris. This
absence suggests that TL cherts were introduced to the site
primarily as finished tools or flakes, aligning with long-dis-
tance individual provisioning models (Kuhn 2004).

The presence of cores and evidence of on-site knapping
enabled the comparison of knapping strategies—specifi-
cally, the degree of preparation and maintenance through
maintenance products—as well as knapping intensity
between local and non-local cherts.

Our analysis identified core preparation and maintenance
products in the studied assemblages, suggesting a possible
effort to preserve raw material volumes. However, these
products were found in low percentages across all assem-
blages and chert types (<4% and n<7). This indicates that,
at Vale Boi, core preparation and maintenance products
may not serve as reliable proxies for distinguishing between
chert types. Instead, their presence may be more closely
linked to specific knapping strategies and objectives, such
as prioritising the production of blades and bladelets.

Core and blank size comparisons provide further
insights. Non-local cherts may have undergone more inten-
sive reduction than local cherts, as indicated by their higher
blank-to-core ratios and the significantly smaller size and
weight of non-local chert flakes. These results align with
previous studies, which propose that the intensive reduction
of cores—manifested in smaller core sizes, smaller debitage
products, and a higher amount of debitage per core—may
be linked to lower mobility. In this context, lower mobil-
ity results in decreased access to non-local raw materials,
which are therefore more intensively reduced and eventu-
ally replaced by local raw materials (Roth and Dibble 1998;
Kuhn 2004; Surovell 2009; Grove et al. 2023). However,
our results show that these differences are not limited to
long-term occupations and low mobility. High blank-to-
core ratios and smaller flake sizes in non-local cherts are
also observed in the Gravettian occupation, previously
interpreted as a short-term occupation with frequent moves
(Cascalheira et al. 2017; Belmiro et al. 2025). Due to this,
we may interpret that non-local raw materials were gener-
ally more intensively reduced than local cherts throughout
all the UP, independent of the duration of the occupation.

The same clear difference in size between local and non-
local raw materials was not observed in elongated blanks.
Albeit consistently smaller and lighter in non-local raw
materials, the differences were not statistically significant.
However, this may be related to a possible standardisation
of elongated product production for all chert types, aim-
ing for a production of bladelets and small blades, possibly
hampered by the initial size of the raw material volumes.

@ Springer

Similarly to the elongated blanks, cores exhibited small,
statistically non-significant, differences in size and weight
between local and non-local cherts. These results may be
explained by a combination of factors, including the avail-
ability of local lithic resources, transport, and knapping
strategies focused on the intensive reduction and main-
tenance of non-local raw materials. Belmiro et al. (2023)
highlight that chert nodules in the Algarve region vary
between ~5-10 c¢cm, with a maximum diameter of 20 cm.
Although abundant and easily accessible in exposed cliffs,
local chert nodules are generally small and prone to fractur-
ing when extracted and normally occur fractured in second-
ary deposits associated with primary outcrops. As a result,
the small size of local chert cores may not necessarily indi-
cate intensive reduction but could instead reflect the initial
size of available raw material volumes.

In comparison, cherts from central Portugal—the prob-
able source of T6 cherts from Vale Boi—can be found in
larger volumes (>20 cm), although smaller nodules are
also present. These findings suggest that the small size of
non-local chert artefacts was not necessarily constrained
by raw material availability but was likely an intentional
choice. This could reflect preferences for transportable
nodules, strategic reduction to maximise resource utility,
or a combination of both. This is further supported by the
higher blank-to-core ratio observed in non-local raw mate-
rials, particularly T6. It may also explain the more frequent
occurrence of heavier and larger outliers in local chert cores,
compared to the relatively rare occurrence of larger outliers
in non-local types (T6-7).

The intensity of reduction and maintenance discussed
thus far can also be inferred from the frequency and diver-
sity of retouched tools. In fact, retouched tools are often
key elements used in the literature to distinguish between
differential use of local and non-local raw materials (Bam-
forth 1986; Kelly 1988; Perles 1992; Andrefsky 1994; Kuhn
2004). Our results align with expected outcomes, as non-
local cherts exhibit higher frequencies of retouched tools
and higher tool-to-blank ratios across all assemblages.
This supports the interpretation that non-local raw materi-
als were actively procured, and that possibly greater effort
was invested in tool production (Kelly 1988; Perlés 1992;
Andrefsky 1994) and the maintenance of existing artefacts
through retouch (Kuhn 2004).

While the high intensity of retouch in non-local cherts
aligns with expectations and hypotheses derived from
other studies (Table 1 1c and 2c¢), their unexpectedly high
tool diversity contradicts common mobility models which
expect mobility to be linked with limited tool variability and
an increase of easily reconfigurable tools (Odell 1981; Sie-
gel 1984; Shott 1986). Non-local cherts at Vale Boi contain
a diverse set of tool types, although less specialised tools,
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such as retouched blanks, remain predominant in non-local
cherts across all assemblages. Using this framework, our
data suggests that these materials were not only transported
as unspecialised tools but possibly as volumes that sup-
ported on-site tool production and diversification, although
the transport of specialised domestic tools such as endscrap-
ers cannot be ruled out.

The dominance of burins in the Gravettian assemblage
presents a nuance to our interpretations about tool speciali-
sation. While burins have been traditionally described as
tools, other studies have focused on their role as cores for
the obtention of bladelets (Sanchéz-Martinez et al. 2024).
In this sense, the high frequencies of burins and burin
spalls may be the reflection of a particular knapping strat-
egy, which may have been used as an easily transportable
and reconfigurable raw material storage strategy, like other
examples such as blade cores or bifaces (Clark 1987; Kelly
1988). However, a detailed analysis and interpretation of
the burins and burin spalls is still needed to confirm this
hypothesis.

While the patterns identified so far have established a
distinction in the use and maintenance of local and non-
local resources, it is also important to discuss the possible
reasons for the varying abundance and technological pat-
terns of non-local raw materials throughout the UP at Vale
Boi, as well as the factors behind the differences observed
across the different technocomplexes.

Previous studies emphasise raw material abundance and
quality as key factors driving the procurement and use of
non-local lithic resources over local ones, shaping their
proportions, use, and maintenance. In this context, the scar-
city or low quality of local resources would drive the pro-
curement of non-local materials and require more effort in
preparing transportable cores and producing tools (Kelly
1988; Perles 1992; Andrefsky 1994). However, quality may
become a less significant factor when non-local raw mate-
rials are easily accessible (Torrence 1986; Brown 1999;
Akerman et al. 2002; Oestmo 2017). Even in the presence
of high-quality local materials, effort was still invested in
transporting non-local resources (Roth and Dibble 1998).

Regarding Vale Boi, quality does not appear to be a
defining factor in raw material choice, as typologies typi-
cally associated with high-quality lithic resources are also
present in other materials. For example, different types of
Solutrean bifacial tools and points were previously inter-
preted as showing no correlation with raw materials types
(Gibaja and Bicho 2013), and were produced using Lower
Jurassic and Triassic local chert, which may be considered
lower quality than Rio Maior Cretaceous chert (central Por-
tugal) due to its coarser texture, less homogeneous compo-
sition, internal fractures, frequent dolomitization processes
or even their smaller sizes. This suggests that the choice

of raw material was not solely dependent on quality, espe-
cially when techniques such as heat treatment—the process
of heating lithic raw material to improve knapping quality
(Schmidt et al. 2016)—have been identified during the Sol-
utrean in European UP contexts (Bordes 1969; Inizan et al.
1976; Tiffagom 1998; Bachellerie and Schmidt 2022), and
was also identified for the production of points during the
Solutrean at Vale Boi (Gibaja and Bicho 2013).

Similarly, Vale Comprido points, the index fossil of the
Proto-Solutrean, were primarily made from other lithic
resources (e.g., dolerite), with only two identified points
made of chalcedony and chert (Belmiro et al. 2021). This
further supports the idea that raw material choice was not
strictly based on quality, as these points were made from a
variety of materials, including those less commonly associ-
ated with formal tools at the site.

In this case, the impact of raw material quality seems
to be more related to the differences between lithological
groups, which have varying textures and breakage patterns
(e.g., between greywacke and chert), rather than within
micro-cryptocrystalline or fibrous quartz resources like
chert.

Finally, a visual inspection of a possible point cache found
in the Shelter area attributed to the Gravettian revealed a
high frequency of backed bladelets made from both local
and non-local cherts (Bicho et al. 2016; Bicho and Cascal-
heira 2020). This observation further emphasises the use of
diverse chert types, regardless of their quality.

Thus, non-local cherts were likely not procured solely for
their quality or due to local resource limitations. Instead,
their presence possibly reflects mobility strategies, territo-
rial exploitation, and social networks that facilitated the cir-
culation of long-distance raw materials within southwestern
Iberian hunter-gatherer groups. These non-local materi-
als were used and maintained differently, possibly due to
their initial size or the need for conservation, given their
more restricted or higher-cost acquisition compared to local
cherts.

These mobility strategies, territorial exploitation, and
social networks also help explain the distinct patterns of
non-local raw material use observed between the Gravettian
and other assemblages. A key distinction is the elevated pro-
portion of non-local cherts in the Gravettian assemblage at
Vale Boi, comprising approximately 50% of the total chert
assemblage (Belmiro et al. 2025). When combined with
technological data, this also reveals significant differences
in the frequency of retouched non-local chert tools and the
tool-to-blank ratio (~30% and ~ 1, respectively), compared
to other technocomplexes (~15-19% and 0.1-0.5).

Several studies have shown that short-term occupations
often rely heavily on non-local toolkits and raw materials
(Torrence 1983; Surovell 2009) and are characterised by
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higher reduction intensity and increased tool-to-debitage
ratios (Grove et al. 2023). These differences support the
interpretation of the Gravettian at Vale Boi as a set of short-
term occupations (Belmiro et al. 2025).

This allows us to further expand our knowledge about
chert provisioning during the UP at Vale Boi and suggest an
overall interpretation for how groups were using and man-
aging their lithic resources through time. In southwestern-
most Iberia, the first identified UP occupations are from the
Gravettian. At Vale Boi, these occupations appear to cor-
respond to short-term settlements with frequent mobility,
where non-local raw materials were transported as cores or
nodules and knapped on-site. Alternatively, non-local raw
materials were brought in as blanks or tools, which were
consistently retouched, although individual toolkits made
from limited non-local raw materials—primarily blanks or
tools—were also present. Raw material volumes were inten-
sively exploited at the site, yielding both specialised and
non-specialised tools. Local raw materials were also used to
produce high frequencies of retouched tools, though this was
done less intensively. Given the technological differences
between the Gravettian Vicentine facies and other regions
such as central Portugal and southern Spain (Marreiros et al.
2015), we suggest that the approximately 250 km distance
between Vale Boi and identified non-local sources reflects
raw material exchanges between groups at the edges of their
territories, rather than an indication of exploited territory.

These exchanges and patterns of mobility persisted
throughout the UP, though with changes in the mobility and
settlement patterns at Vale Boi. Over time, Vale Boi was
occupied as a long-term residential site. At the beginning
and during the LGM, Proto-Solutrean and later Solutrean
groups, while still having access to non-local raw materi-
als, moved less frequently, which limited the influx of these
materials.

These changes in mobility frequency may be related to
the increasingly harsher climatic conditions, which impacted
all of Europe, while allowing regions such as southern Ibe-
ria to maintain temperate conditions where flora and faunal
resources may have remained much the same (Hewitt 2000;
Gomez and Lunt 2007; Gonzalez-Sampériz et al. 2010; Jen-
nings et al. 2011). The climatic stability of this ecological
niche may have provided the necessary conditions for lon-
ger-term occupations of Vale Boi (Cascalheira et al. 2017),
while still maintaining social interactions and contacts with
other groups from Iberia seen both through technological
patterns (Cascalheira 2013; Cascalheira et al. 2017; Belmiro
et al. 2021) and the presence of non-local raw materials
(Belmiro et al. 2025).

These non-local raw materials were still intensively
exploited and maintained at the site, although hunter-gath-
erer groups increasingly relied on local raw materials. This
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shift was likely due to the proximity of local sources, which
facilitated more frequent use and discard, or even due to the
introduction of new lithic treatment techniques.

Conclusion

This study demonstrates that lithic raw material procurement
and technological organisation at Vale Boi were shaped by
a combination of raw material accessibility, mobility strate-
gies, and social interactions:

e Intensive reduction of non-local cherts, evidenced by
higher blank-to-core ratios and increased retouch fre-
quencies, suggests that these materials were strategi-
cally curated and maintained throughout their use-lives.

e The unexpectedly high tool diversity in non-local cherts
challenges assumptions that non-local materials were
only transported as finished tools. Instead, our results
indicate that they functioned as versatile raw material
sources, knapped on-site to meet diverse technological
needs as they arose.

These findings provide new insights into hunter-gatherer
mobility, social networks, and tool production strategies in
southwestern Iberia. While non-local raw materials were
crucial throughout the UP, their role evolved in response to
changing settlement patterns and technological needs.

Future work should explore whether Vale Boi’s non-local
cherts were obtained through direct procurement, down-the-
line exchange, or social trade networks. Additionally, apply-
ing use-wear analysis to retouched tools could help clarify
whether non-local chert tools had specialised functions, fur-
ther informing our understanding of raw material manage-
ment and mobility strategies.
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