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Abstract
Analyses of raw materials and the distinction between local/regional and long-distance sources have proven invaluable 
for understanding the extensive movements, interactions, and social networks during the Upper Palaeolithic in the Iberian 
Peninsula. However, unlike other parts of Iberia, research on the management and acquisition of raw materials in the south 
and west of Iberia remains relatively underdeveloped. Despite significant knowledge about the technological practices of 
Palaeolithic hunter-gatherers from southern Portugal, particularly from studies conducted at the site of Vale Boi, there is a 
noticeable lack of focus on raw materials management. This paper presents the first comprehensive characterisation of chert 
raw materials from the Gravettian, Proto-Solutrean, and Solutrean occupations at Vale Boi, using both macroscopic and 
petrographic techniques. Our study reveals that the majority of chert found at Vale Boi originates locally, within a 20 km 
radius. However, a non-negligible portion of the chert comes from non-local sources, indicating > 200 km raw material 
circulation from central Portugal and southern Spain.
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Introduction

Knappable raw materials play a crucial role in understanding 
the mobility and lifeways of past hunter-gatherers, given the 
ubiquitous presence of lithic artefacts throughout prehistory. 
More than mere rocks with which stone tools were produced, 
the management of these resources is intimately connected 
to a group’s technological, social, and cultural organisa-
tion, potentially influencing the group’s overall survivabil-
ity (Binford, 1979; Bleed, 1986; Bousman, 1993; Gould & 
Saggers, 1985; Oestmo, 2017; Torrence, 1983).

Several key topics in the study of hunter-gatherer behav-
iour and organisation have been explored in different geo-
graphic regions and chronological periods through raw 

material analysis, such as modalities of procurement and 
mobility strategies (Ambrose & Lorenz, 1990; Binford, 
1979; Binford & Stone, 1985; Gould, 1985; Gould & Sag-
gers, 1985; Kuhn, 1991; McCall, 2007), occupation types 
and their duration (Kuhn, 2004; Surovell, 2009), and the 
establishment and dimension of social networks (Whallon, 
2006), as well as exchanges between groups or individu-
als (Gamble, 1999). These analyses are often achieved by 
systematically characterising geological and archaeological 
raw materials and establishing correlations between sam-
ples from both origins. The ultimate aim is to identify the 
corresponding sources, enabling, for example, a precise 
differentiation between local and non-local raw materials, 
and examine their distribution within a site over different 
occupations and periods.

These approaches and concepts have also been exten-
sively and successfully applied to the study of lithic assem-
blages from prehistoric archaeological sites in the Iberian 
Peninsula (e.g. Aubry et al., 2016; Aubry and Igreja 2009; 
Costa et al., 2022; García-Rojas et al., 2021; Gómez de Soler 
et al., 2020; Herrero-Alonso et al., 2020; Matias, 2016; 
Nocete et al., 2005; Ortega, 2003; Pereira et al., 2016a, 
2016b; Pereira et al., 2021, 2022; Ramacciotti et al., 2022; 
Rodríguez et al., 2011; Sánchez de la Torre et al., 2023; 
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Soto, 2016), and contributed to understanding how different 
groups explored and managed the available lithic resources.

In this context, raw material analyses and the distinction 
between local, regional, and long-distance sources have been 
instrumental in tracing extensive movements, contacts, and 
social networks throughout the Upper Palaeolithic (UP) 
throughout Iberia. Noteworthy examples include studies in 
northwestern Iberia (Galicia) during the Solutrean period 
(Hermida et al., 2016), northern Iberia (Asturias) during the 
Magdalenian occupations at Las Caldas (Corchón Rodríguez 
et al., 2016), northeastern Iberia (Catalunya) during the 
Aurignacian and Gravettian periods at Arbreda cave (Mar-
reiros et al., 2016; Ortega, 2003), northern Portugal during 
the Gravettian/Solutrean periods in the Côa Valley (Aubry 
et al., 2004, 2016), and inland central Iberia (Guadalajara) 
during the Proto-Solutrean and Solutrean periods at Peña 
Capón (Sánchez de la Torre et al., 2023). Ultimately, the 
recognition of these connections has broadened our compre-
hension of mobility and social organisation during the UP in 
Iberia, illustrating a vast interconnected territory.

However, in contrast to other areas of Iberia, and despite 
the potential of raw material studies to shed light on the 
lifeways and organisational structures of Palaeolithic hunter-
gatherers, research on the procurement and management of 
raw materials during the UP in southern and western Iberia 
remains in its initial stages. Specifically, in southern Por-
tugal, even though there is considerable knowledge about 
the technological organisation of Palaeolithic hunter-gath-
erers—largely due to research conducted at the Vale Boi 
archaeological site (see e.g. Belmiro et al., 2021; Nuno 
Bicho et al., 2013; Cascalheira, 2010; Cascalheira & Bicho, 
2013; Horta et al., 2019; Marreiros et al., 2015)—raw mate-
rial studies are notably infrequent and use mainly macro-
scopic methodologies.

This situation is attributed to the absence of a detailed and 
comprehensive characterisation of regional lithic resources 
in the Algarve region (southern Portugal) and the subse-
quent lack of a complete reference collection produced by 
complementing characterisation methodologies, which is a 
critical component for conducting raw material studies. Such 
efforts are particularly crucial for distinguishing between 
local and non-local raw materials and for understanding 
variations within the archaeological record (Pop, 2015; 
Surovell, 2009).

Recently, we have made significant strides by introducing 
such a reference collection and establishing a framework for 
raw material studies in the region, through a detailed mac-
roscopic and petrographic database of chert resources in the 
Algarve region (Belmiro et al., 2023). This initiative paves 
the way for systematic investigations into raw material pro-
curement strategies during the Upper Palaeolithic, especially 
concerning the Vale Boi site, where previous raw mate-
rial studies have already shown complex patterns of chert 

procurement and management. These preliminary studies 
at Vale Boi, employing only macroscopic methods, pointed 
to a predominant use of local cherts (Nuno Bicho et al., 
2013; Pereira et al., 2016a, 2016b; Verissimo, 2004), likely 
originating within a 16 km radius and reflecting embedded 
procurement strategies (Pereira et al., 2016b). To a lesser 
extent, non-local cherts were also identified throughout the 
various UP occupations (Nuno Bicho et al., 2013; Pereira 
et al., 2016b; Verissimo, 2004), pointing to extended sourc-
ing networks, possibly involving sourcing from other regions 
of southern Portugal and southern Spain. The presence of 
chert from the Cretaceous formations of central Portugal has 
also been suggested (Nuno Bicho et al., 2013).

These results highlight the potential for systematic raw 
material studies at the site to shed light on the lithic resource 
procurement strategies, mobility patterns, and social net-
works of the hunter-gatherer groups of southwestern Iberia 
throughout the UP.

Vale Boi stands as a key archaeological site for this study 
since it is currently the only site in southern Portugal with a 
long-term occupation spanning most of the UP and allowing 
the exploration of raw material procurement and mobility 
trends through time (Cascalheira et al., 2017). It also holds 
a pivotal role in the study of UP adaptations on the Iberian 
Peninsula, providing invaluable insights into the subsistence 
and technological strategies of hunter-gatherer populations 
(Belmiro et al., 2021; Nuno Bicho et al., 2013; Cascalheira 
et al., 2017; Cascalheira, 2019; Horta et al., 2019; Manne 
et al., 2012; Marreiros et al., 2016; Pereira et al., 2016b).

Furthermore, previous studies have highlighted the role 
of Vale Boi in understanding different patterns of terri-
tory exploitation and contact with other regions of Iberia 
throughout the UP. During the Solutrean, Vale Boi has been 
interpreted as an important connection point between the 
core Solutrean areas of central Portugal and southern Spain, 
making it a key site for identifying extended social networks 
that promoted the exchange of information and culture (Cas-
calheira, 2013; Cascalheira & Bicho, 2013; Cascalheira 
et al., 2017). On the contrary, techno-typological studies 
from the Gravettian occupations of Vale Boi instead show 
marked differences between regions and suggest a more lim-
ited circulation of people and information in southern Iberia 
(Marreiros & Bicho, 2013).

Based on the notions that (a) during the Solutrean Vale 
Boi served as a connection point between different regions 
which may have promoted the exchange of information and 
culture, including raw materials from long distances; and 
(b) the limited circulation of people during the Gravettian 
may have isolated groups occupying Vale Boi, making them 
mostly reliant on the available local or regional resources, 
we propose a set of hypotheses and expectations regarding 
chert procurement and human mobility throughout the UP at 
Vale Boi. On one hand, it would be expected that Solutrean 
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occupations are characterised by the predominant use of 
local raw materials but with a considerable percentage of 
cherts obtained from long-distance sources, possibly through 
exchange with different groups in Iberia. Conversely, it 
would be expected that Gravettian occupations would be 
mostly composed of local cherts, with a more limited pres-
ence of long-distance cherts.

To investigate the applicability of these patterns to the 
procurement and circulation of lithic raw materials, and to 
examine the prevailing hypotheses concerning UP mobility 
and social network exchanges, this paper focuses on the fol-
lowing questions: (1) what types of chert were the hunter-
gatherers of Vale Boi using and where did they come from? 
(2) Are there different patterns of chert use throughout time? 
(3) And if so, how can these be related to patterns of land 
use and the circulation of people/ideas, as suggested through 
technological studies of the same lithic assemblages? As a 
result, our study presents the first comprehensive charac-
terisation of chert raw materials, through macroscopic and 
microscopic analysis, of UP occupations in southwestern 
Iberia, derived from the Gravettian, Proto-Solutrean, and 
Solutrean (c. 32–19 ka cal BP) occupations at Vale Boi.

Site Description

Vale Boi is located on the western coast of the Algarve 
region in southern Portugal, within a small valley that 
extends southward to the Atlantic coast, approximately 
2 km away (Fig. 1 b). It is bordered by limestone outcrops 
that form rock shelters facing west and southwest (Nuno 
Bicho et al., 2007, 2012; Nuno Bicho et al., 2013; Cascal-
heira et al., 2017; Cascalheira & Bicho, 2013; Manne et al., 
2012; Manne & Bicho, 2011). The site extends for more than 
10,000 m2 along the slope of the valley, through which three 
main areas were excavated between 2000 and 2019: Slope, 
Terrace, and Shelter. For this study, the chosen areas were 
the Terrace and Shelter areas (see “Materials and Methods”).

The Terrace encompasses occupations from the UP to 
the Early Neolithic, resulting in the identification of eight 
main lithostratigraphic units. The UP sequence includes sev-
eral occupations attributed to the Gravettian (levels 8 to 6) 
between c. 32 and 27 ka cal BP, Proto-Solutrean (levels 5 to 
4E) between c. 26 and 24 ka cal BP, and Solutrean (levels 
4D, 4C, 4C, 4 and Lower 3) between c. 24 and 20 ka cal BP 
(Belmiro et al., 2021; Cascalheira & Bicho, 2013; Cascal-
heira et al., 2017).

The Shelter area shows four main lithostratigraphic units, 
with Magdalenian, Solutrean, and Gravettian occupations. 
From these, the Solutrean levels show the most intensive 
occupation, with three, well-preserved, archaeological 
horizons (layers C to A) and dated to c. 24–22 ka cal BP 
(Cascalheira, 2010; Cascalheira et al., 2013, 2017). These 

occupation levels were identified under blocks of limestone, 
which collapsed from the rockshelter ceiling (Cascalheira, 
2010).

Both these areas have been previously interpreted as 
seasonal residential camps, repeatedly used for extended 
stays, due to the abundance of lithic debitage, stone tools, 
heat-cracked rocks related to grease rendering activities, 
large quantities of faunal remains (both marine and ter-
restrial), and the presence of ornaments and portable art 
(Manne et al., 2012). The analysis of lithic assemblages and 
retouched frequency of lithic assemblages from the Terrace 
and Shelter areas also corroborate this interpretation (Cas-
calheira, 2010; Cascalheira et al., 2017; Marreiros, 2009). 
Cascalheira et al. (2017) show that, with the exception of 
the Early Gravettian occupations of the Terrace area and 
Magdalenian occupation of the Shelter, all other UP occupa-
tions are composed of high-density assemblages with low 
degree of retouch, correspondent to a residential base-camp 
occupation, for extended periods of time.

Regional Geological Background 

The Algarve region is a complex territory, marked by several 
geomorphic sub-regions and geological units that provide 
different lithological resources. Two of the main geologi-
cal units which characterise the Algarve are (1) the Baixo 
Alentejo Flyschoid Group, part of the South Portuguese 
Zone (Fernandes et  al., 2012; Oliveira, 1984; Onézime 
et al., 2003), located in the north sector of the region, and 
characterised by schists, greywackes, and quartzites; and (2) 
the Algarve basin in the south, which is characterised by 
limestones, dolomites, and marls (Terrinha et al., 2006). It 
is within these limestones and dolomitised limestones from 
the Triassic to the Upper Jurassic where chalcedony and 
chert nodules/beds can be found (Manuppella et al., 1987, 
2007; Ribeiro, 2005; Rocha et al., 1979, 1983; Terrinha 
et al., 2006).

The availability of regional resources containing cherts 
and the characterisation of their lithologies has already been 
published by our team (Belmiro et al., 2023), and we herein 
present the summarised main findings. The results showed 
the existence of abundant chert nodules and beds found in 
the Lower Jurassic (Carixian) formation and Upper Jurassic 
(Kimmeridgian) formation, mostly outcropping in the cliff 
and beach areas of westernmost Algarve, at ~ 20 km south-
west from the site of Vale Boi, and with one single inland 
outcrop located ~ 8 km east from the site (Fig. 1 b). The 
Lower Jurassic nodules and beds can be found in abundant 
outcrops, but also frequently in sub-primary or secondary 
deposition settings in proximity to the outcrops, possibly 
due to natural erosion. However, in the case of the inland 
outcrop of Ferrel, the outcrop is partially destroyed due to 
recent human action, and chert can be found scattered as 
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chunks or larger nodules. The Upper Jurassic nodules can 
be found in sub-primary deposition and are easily acces-
sible, or in secondary deposition. The cherts from the pre-
viously mentioned formations are frequently opaque with 
yellow, grey, purple, or red colours, occasionally with 
bands or laminations, and frequently with visible sponge 
spicules. Although abundant, these chert nodules are fre-
quently small (~ 4–10 cm in length), with the largest nodules 
being ~ 20 cm, and frequently characterised by high levels of 
dolomitisation and fractures. Petrographically, they are com-
posed mainly of microcrystalline quartz, with wackestone 
or packstone textures, small percentages of macrocrystal-
line quartz, fibrous chalcedony and allochems composed of 
oxides, and poorly preserved bioclasts. When identifiable, 

the bioclasts are Echinoderms, Radiolarians, Sponge spic-
ules, and Bivalve shells. The Upper Jurassic cherts of Mareta 
show similar petrographic characteristics, but with abun-
dant Calcispheres which are not always apparent under the 
stereomicroscope.

Chert sources were also identified in two formations 
from the eastern area of the Algarve (Fig. 1 c). The Middle 
Jurassic Malhão formation chert outcrops were identified at 
around 80–100 km east of the site and characterised by chert 
nodules with similar macroscopic features to those found in 
western Algarve. Petrographically they are composed mainly 
of microcrystalline quartz and characterised by wackestone 
textures, while dolomite, chalcedony, and macrocrystal-
line quartz are also present in small percentages (< 10%). 

Fig. 1   Iberian Peninsula map with locations and geological forma-
tions mentioned throughout the paper. a Detail of the central Portu-
gal region where the Cenomanian formations with chert nodules are 
located. b Detail of southwestern Portugal, with chert and chalcedony 

bearing formations, outcrops, and location of Vale Boi. c Detail of 
Eastern Algarve with chert-bearing formations. The figure was pro-
duced using ArcGIS Pro 3.2
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Allochems are iron oxides, and albeit poorly preserved, sev-
eral bioclasts can be identified: Sponge spicules, Radiolar-
ians, Ostracods, Echinoderms, Calcispheres, and possibly 
Tentaculites. The Upper Jurassic Jordana formation chert 
outcrops were identified at around 90 km east of Vale Boi 
and characterised by chert nodules with significantly dif-
ferent macroscopic features to those of other formations, 
with frequently small sizes (~ 5 cm), difficult removal from 
the parent rock, and unidentified secondary deposits. Petro-
graphically they are composed mostly of microcrystalline 
quartz, with wackestone to packstone textures, and small 
percentages of fibrous chalcedony and dolomite (< 10%). 
They show frequent iron oxides and very frequent bioclasts, 
albeit often poorly preserved and unidentifiable; identified 
fossils are Calcispheres, Bivalve shells, Sponge spicules, 
Ostracods, Echinoderms, and Gastropods.

Chalcedony can be found ~ 10 km west of Vale Boi (Fig. 1 
b), within the marl-carbonated Triassic formations as lenses 
or nodules and was formed through hydrothermal processes 
(Nuno Bicho et al., 2013). Previous studies also note the 
presence of chalcedony (with frequent presence of cortex) 
in the immediate vicinity of the site (Gibaja Bao & Fer-
reira Bicho, 2013; Pereira et al., 2016b). The chalcedony 
frequently has fractures and fissures and is characterised by 
a fibrous quartz structure, without inclusions or fossils.

Materials and Methods

To characterise the siliceous raw materials used during the 
UP occupations at Vale Boi and to identify their geological 
sources, we focused on chalcedony and chert archaeologi-
cal materials from the Terrace and Shelter areas. These two 
areas were chosen since both have detailed spatial informa-
tion, well-defined chronological sequences, and previous 
studies providing lithic technology, faunal, and geoarchae-
ological data. For this, we focused on layers that spanned 
the UP occupations, characterised by good preservation, a 
significant number of lithic finds and with radiocarbon dat-
ing (as mentioned in section “Site Description”).

In this study, the terms chert and chalcedony follow the 
definitions provided by Luedtke (1992). We use the term 
chert to refer to sedimentary rocks composed primarily 
of microcrystalline quartz, which includes other possible 
varieties such as jasper, agate, or chalcedony. The term 
chalcedony is used in its petrographic sense and refers to 
cherts with a fibrous quartz structure. Since this definition 
of chalcedony implies a destructive method which cannot 
be applied to all archaeological chalcedony samples, we use 
the term based on the confirmed correlation between the 
macroscopic appearance of chalcedony and its petrographic 
characteristics, obtained through geological and archaeologi-
cal thin sections.

Chert was chosen for this study as it is one of the three 
main raw materials used at the archaeological site of Vale 
Boi alongside quartz and greywacke. Other raw materials 
such as chalcedony, dolerite, and schists have also been 
identified (Belmiro et al., 2021; Cascalheira, 2010; Pereira 
et al., 2016b).

Using the field database with all individually coordi-
nated lithic artefacts (all pieces larger than ~ 2 cm; Belmiro, 
2020), we compared the incidence of chert and chalcedony 
in opposition to the remaining lithics of other raw materials. 
Figure 2 shows that for the selected levels of the Terrace 
area (Fig. 2 a), chert represents only ~ 15–20% of the lithic 
assemblage, while in the Shelter area (Fig. 2 b), chert repre-
sents ~ 35–50% of the lithic assemblage from the Solutrean 
layers A, B, and C. Based on previous lithic studies in the 
Terrace and Shelter areas, the remaining 80% of other raw 
materials are mostly composed of quartz and greywacke 
(Belmiro et al., 2021; Cascalheira, 2010; Marreiros, 2009).

Although systematic raw material research has not been 
conducted on these materials, according to the regional 
geological context, they have been interpreted as local and 
readily accessible in the vicinity of the site (Pereira et al., 
2016b). Frequently, the quartz and greywacke assemblages 
include large amounts of shattered and unknapped chunks 
or slabs, and have been interpreted in great part as function-
ally specialised in activities related to the fragmentation of 
bones in the case of quartz and greywack (Cascalheira et al., 
2017) or in grease rendering in the case of quartz (Manne 
et al., 2012). Previous studies from the Terrace area have 
also shown that when removing shatter and chunks, the per-
centages of chert become much more representative when 
compared to greywacke and quartz (Belmiro, 2020; Belmiro 
et al., 2021). Based on this, despite the smaller amounts 
of individually plotted chert artefacts in the field database, 
chert continues to be one of the main raw materials to pro-
duce lithic stone tools, with complete knapping sequences 
and formal toolkits. The importance of chalcedony can also 
be seen in its use to produce formal tool kits during spe-
cific technocomplexes at the site, such as a Vale Comprido 
point, the fossil-director for the Proto-Solutrean in western 
Portugal (Belmiro et al., 2021) or a laurel leaf preform in 
the Solutrean layers (Gibaja Bao & Ferreira Bicho, 2013).

We employed both macroscopic and petrographic meth-
ods to achieve a more comprehensive characterisation of the 
materials, aiming to offset the inherent limitations of each 
method (Luedtke, 1992).

Macroscopic analysis, while revealing several limitations 
related to the absence of quantitative variables (Bustillo 
et al., 2009), proved to be advantageous given the extensive 
sample size of chalcedony and chert lithics under examina-
tion (n = 4458). The distinct features of various local cherts 
facilitate their differentiation from cherts of neighbouring 
origins. Consequently, a macroscopic approach offered 
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a non-destructive, efficient, and cost-effective method for 
characterising all materials (Bustillo et al., 2009; Tarriño & 
Terradas, 2013). Therefore, we implemented an initial phase 
of macroscopic analysis, subsequently augmented by pet-
rographic study to diminish the subjectivity of the analysis 
and enhance the material characterisation with petrographic 
data. The synergistic application of these two methods has 
been previously validated in the characterisation of Algarve 
region cherts, following recent geological survey efforts 
(Belmiro et al., 2023). Hence, an extensive macroscopic and 
petrographic collection was already available for compara-
tive analysis with archaeological materials, employing con-
sistent methodologies. This reference collection is the Luso-
lit lithotheque, hosted physically at ICArEHB (University of 

Algarve, Faro) and digitally at www.​lusol​it.​icare​hb.​com, and 
aided in the characterisation and source attribution of cherts.

Hand samples were used throughout the macroscopic 
characterisation for comparison with the archaeological 
materials, and the archaeological thin sections were com-
pared with the previously studied geological chert thin sec-
tions. To identify the source of other lithologies which are 
not congruent with the regional cherts and identify possible 
long-distance chert procurement, we used hand samples and 
thin sections of cherts from Central Portugal also available 
in the Lusolit lithotheque. The lithotheque from the Unit 
of Geoarchaeology and Archaeometry Applied to Historic 
Artistic and Monumental Heritage from the University of 
Cadiz (UCA) was also visited to understand the macroscopic 

Fig. 2   Comparison of chert, chalcedony, and other raw materials piece plotted in the Terrace (a) and Shelter (b) areas of Vale Boi

http://www.lusolit.icarehb.com
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variability of the local and regional cherts of the lower Gua-
dalquivir basin, within the Atlantic strip of southwestern 
Spain (present-day provinces of Huelva and Cádiz).

Following previous studies, we classify the distance of 
chert sources from the site as local (1–30 km from the site), 
regional (30–120 km), and long-distance (> 120 km) (Her-
rero-Alonso et al., 2020; Tarriño et al., 2015).

The macroscopic analysis of the archaeological materials 
was divided into two steps. The first step included a pre-
liminary characterisation using a hand lens of × 10 magni-
fication. This step allowed us to create types and subtypes 
based on similar macroscopic characteristics frequently 
acknowledged to be useful to describe and discern between 
different types of chert; these included characteristics such 
as colour, translucency, and feel (Luedtke, 1992)—the com-
plete data dictionary for the recorded variables can be found 
in the Supplementary Information (Online Resource 1). In 
the second step, we used a Nikon SMZ25 stereomicroscope 
to observe each sample in further detail, which allowed us 
to better characterise the artefacts (especially regarding 
inclusions and alterations), and the previously established 
types—the data dictionary used for the individual samples 
can also be found in the Supplementary Information (Online 
Resource 1). Given the inherent macroscopic variability of 
the geological samples and archaeological specimens, as 
well as the number of samples, the database used for the 
individual analysis was simplified and focused on collecting 
data related to weight, cortex, and alterations. This first step 
was applied to a total of 4458 artefacts: a sample of 3627 
chert artefacts from the UP sequence of the Terrace area 
(levels 7 to 4) and 831 chert artefacts from the Solutrean 
sequence of the Shelter area (layers A, B, C; all samples 
without an attributed layer on the database were excluded 
from the analysis).

While the advantages of employing a macroscopic meth-
odology for analysing the cherts of Vale Boi are notable, a 
limitation of this approach is its inability to unequivocally 
characterise and categorise artefacts that exhibit surface 
alterations typical of an open-air site, including those related 
to fire, since weathered and altered surface may destroy vis-
ible structures and even alter the chemical composition (Del-
luniversità et al., 2019). Other studies frequently exclude 
samples that display intense fire damage or several surface 
alterations (Delluniversità et al., 2019; Gómez de Soler 
et al., 2020; Soto, 2016). For the present study, whenever 
artefacts displayed extensive alterations and could not be 
unequivocally characterised (Fig. 3), and given the inexist-
ence of a reference collection for local altered cherts, they 
were analysed using the individual sample dataset (Online 
Resource 1) but grouped in a category of indeterminate 
cherts (INDET). This category included key alterations such 
as heat/fire-related alterations which clearly impacted the 
macroscopic characteristics of the samples, fully changing 

its color, luster, and texture, and covering them in crazings 
(e.g. Figure 3 a). Similarly, it also included alteration rinds 
that extended through most of the sample, impeding the 
identification of its original colour, texture, translucency, 
inclusions, and fossils (e.g. Figure 3 b) and the presence 
of extended pitting. However, whenever surface alterations 
were present in only a limited area of the sample leaving 
recognisable macroscopic features and fossils, or when key 
elements were distinguishable to make a characterisation 
(e.g. reddening in the Type 2 cherts, Online Resource 2, 
figure s5), the samples were not collapsed into the INDET 
category.

As seen in Table 1, level 4 shows the highest percentages 
of indeterminate artefacts, corresponding to ~ 40% of the 
total sample (n = 1037). This is due to the frequent altera-
tions of the artefacts, especially related to patinas and altera-
tion rinds, pits, and fire/heat alterations. For all other levels 
in the Terrace, indeterminate represents on average ~ 28% 
of the chert artefacts, while in the Shelter the frequency of 
INDET is slightly lower (~ 20–25%).

As previously mentioned, the macroscopic study was 
followed by a petrographic approach. To better character-
ise the different chert types identified in the macroscopic 
analysis and aid in minimising the inherent caveats of mac-
roscopic methods, 22 thin sections were prepared at the Thin 
Section Lab (Toul, France). The samples chosen for this 
analysis include at least one sample from each type present 

Fig. 3   Samples with extensive alterations which prevented the iden-
tification of chert type. a Artefact with cracks, white patina and red-
dening covering 100% of the surface; b artefact with surface altera-
tions, displaying a portion with patina (brown) and a portion without 
patina (grey), cleaned with hydrochloric acid
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throughout the stratigraphy of the Terrace area, from differ-
ent archaeological levels (Table 2). For types that showed 
high macroscopic variability (e.g. translucency and colour 
variation or differentiated bioclast facies), thin sections 
from sub-types were analysed to collect petrographic data 
that could reflect this variability. Petrographic thin sec-
tions were analysed by polarised light microscopy (Nikon 
LV100ND) to determine the mineral composition, textural 
characteristics, allochems, and bioclasts, as well as any other 
alterations.

The complete petrographic analysis for all thin sections 
studied in this paper (including macroscopic and micro-
scopic figures) can be found at our online research com-
pendium (https://​doi.​org/https://​doi.​org/​10.​17605/​OSF.​IO/​
DBFT2). A detailed macroscopic and petrographic descrip-
tion and figures for each type and sub-type of chert and chal-
cedony (Online Resource 2) and the data dictionary used for 
the petrographic analysis (Online Resource 1) can be found 
in Supplementary Information. The complete set of images 
of the geological thin sections can also be consulted in the 
LusoLit online database.

The entirety of the R code used for the analysis, data-
sets, and visual representations contained in this paper can 
be accessed through our online research compendium. We 
used the rrtools package by Marwick et al. (2018) to create 
a research compendium and write a reproducible journal 
article. The provided 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 figures. To enable maximum reuse, the code 
is made available under the MIT license, data under CC‐0, 
and figures under CC‐BY (additional details can be found 
in Marwick, 2017).

Results

Characterisation and Source Attribution

Through the macroscopic and petrographic analysis, we 
identified 10 main chert/chalcedony types, present through-
out the stratigraphy in the Terrace and Shelter areas (a sum-
marised characterisation table can be found in the Supple-
mentary Information, Online Resource 3). A distinct type 
(Type 11) was identified exclusively in the Shelter area, with 
only a limited presence in the Terrace (n = 2), and 16 varie-
ties, each consisting of one to three samples, were identified 
across various levels of both the Terrace and Shelter. The 
latter were clustered into a category named Trace Lithotypes 
(TL). Through the comparison with the reference collec-
tions, we identified cherts congruent with the local sources 
and cherts that are likely not local due to significant differ-
ences in appearance, fossil content, and petrography when Ta
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compared to the cherts available in the geological setting 
located within a 30 km radius of Vale Boi. Table 3 shows 
the different types of identified cherts and possible sources 
whenever attribution was possible.

Cherts Congruent with Local Sources (Types 1–5)

The raw materials which are congruent with local sources 
are the chalcedony and massive, micro-cryptocrystal-
line cherts (Fig. 4). The chalcedony (Type 1; Fig. 4 a) is 
identified as a massive, fibrous variety without allochems 
(Fig. 4 a2). It represents 6.6% of the overall Terrace cherts 

(excluding INDET) and 2.6% in the Shelter. It presents a 
colourless and translucent appearance, frequently exhibiting 
partial or complete white patination (Fig. 4 a1). This type is 
marked by extensive crystallisations, irregularities, and frac-
tures, coupled with post-depositional alterations that chal-
lenge the identification and preservation of the cortex. Both 
macroscopic and petrographic analyses confirm its congru-
ence with hydrothermal chalcedony located within lenses 
in Triassic volcanic formations, in the known outcrops of 
Monte do Tolo, Taboal, and Cerro Velho (< 10 km west of 
Vale Boi, as the crow flies; Fig. 1 b), which are similarly 
marked by irregularities and fractures.

Table 2   List of archaeological 
thin sections, with the 
summarised description 
of observed macroscopic 
variability and sub-types

Type Sample ID Level Macroscopic variability/sub-type description

Type 1 I19-1615 4D -
Type 2 I19-2835 5 -
Type 2 H18-1938 4D Type 2 sample with surface alterations
Type 2 H21-3095 4C Type 2 multi-coloured banding sub-type with concentration of bioclasts
Type 2 H21-4234 5 Type 2 multi-coloured banding sub-type without concentration of bioclasts
Type 2 H19-2426 4D Type 2 sample with reddening and possible heat-related alterations
Type 2 I19-2226 4E Type 2 sample with large iron oxides and rare sponge spicules
Type 3 I20-3160 5 -
Type 4 H20-2441 4E -
Type 5 I21-3252 4E -
Type 5 H18-2708 5 Type 5 banding sub-type
Type 6 I19-3350 6 Type 6 sample with light white patination
Type 6 I20-3689 6 -
Type 6 J18-778 5 Type 6 with thick white patination
Type 6 I20-3951 6 Type 6 light brown with opaque white exterior sub-type
Type 6 H19-4074 6 Type 6 with lamination and white broad mottling sub-type
Type 7 L19-64 5 Type 7 with sponge spicule (01a) and peloidal (01b) facies
Type 7 J18-1264 8 Type 7 with peloidal/oolitic (04) facies
Type 8 H19-2924 4E -
Type 9 I21-2966 4C -
Type 10 H19-4216 6 -
INDET H20-4166 6 Sample with thick white patination

Table 3   Chert types identified 
during the analysis, and 
potential sources. The distance 
column refers to the distance of 
the potential source from Vale 
Boi, as the crow flies. Only 
the TL samples with possible 
identified sources were included 
in the table

Chert type Potential source Distance from source

Type 1 Triassic volcanic formations  < 10 km
Types 2–5 Lower Carixian formations, Southwestern Portugal  < 20 km
Type 6 Upper Cretaceous formations, Central Portugal  ~ 215–250 km
Type 7 Betic Systems, Southern Spain  ~ 250 km
Type 8 - -
Type 9 Betic Systems, Southern Spain  ~ 250 km
Type 10 - -
Type 11 - -
TL01 South Portuguese Zone, Southern/Central Portugal  > 100 km
TL10–11 Upper Cretaceous formations, Central Portugal  ~ 215–250 km
TL15–16 Betic Systems, Southern Spain  ~ 250 km
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The cherts are massive micro-cryptocrystalline quartz 
from a marine environment (Fig.  4 b–h). They repre-
sent ~ 60% of the overall Terrace cherts and ~ 80% of the 
chert in the Shelter. Macroscopically, these types show 
variability which resulted in their separation in four differ-
ent macroscopic types (Types 2 to 5). In general, these are 
opaque to sub-translucent cherts, with colours varying from 
brown, yellow, pale red, and grey, with the frequent presence 
of spicules and iron oxides. The differences are in their col-
ours, nodule morphology, frequency, and variety of bioclasts 
(Type 2 including triaxon sponge spicules and echinoderm 
spines), something already identified in the geological sam-
ples (Belmiro et al., 2023). As seen in Table 4, whenever 
present, the cortex seems to show a mixture of irregular 
cortex and rounded cortex, both from an outcrop source. 

Petrographically, however, these cherts are homogeneous, 
except for a small number of artefacts with a banded variety 
within Type 5. These cherts are characterised by wackestone 
textures, with accessory amounts of macrocrystalline quartz 
and fibrous chalcedony, frequently found replacing fossils 
and occasionally dolomite. Type 5 shows higher percentages 
of micrite/sparite. In all samples, fossils range from com-
mon to very frequent, albeit frequently unidentifiable. When 
identifiable in thin section, they are sponge spicules (Fig. 4 
b2, c2, h2), with the rare occurrence of possible foraminifera 
(Type 2 and Type 5) and ostracod (Fig. 4 h3) in a sample 
from Type 5. Porosity varies between 10 and 1%, of vug 
type. Despite the petrographic homogeneity between local 
types, this macroscopic separation was maintained for its 
possible usefulness in identifying preferred types of nodules 

Fig. 4   Variability of local chert types and main petrographic charac-
teristics. (a) Type 1 macroscopic and microscopic views: (a1) mac-
roscopic view with a stereomicroscope of white patina and fractures; 
(a2) microscopic view of thin section (XPL), with visible fibrous 
chalcedony composition and without allochems. (b) Type 3 macro-
scopic and microscopic views: (b1) macroscopic view with a ster-
eomicroscope of iron oxides and unidentifiable fossils; (b2) micro-
scopic view of thin section (XPL), with visible unidentifiable fossils 
and iron oxides. (c–d) Type 2 macroscopic and microscopic views of 
multi-coloured (c) and single-colour (d) varieties. (c1) macroscopic 
view with a stereomicroscope of the multi-coloured bands with iron 
oxides and unidentifiable fossils; (d1) macroscopic view with a ster-
eomicroscope of iron oxides and unidentifiable fossils; (c2) micro-
scopic view of thin section (PPL), with visible unidentifiable fossils, 
sponge spicules and iron oxides; (d2) microscopic view of thin sec-

tion (XPL), with visible unidentifiable fossils and iron oxides. (e–f) 
Type 4 macroscopic and microscopic views: (e) macroscopic view 
with a stereomicroscope of unidentifiable fossils and white splotches; 
(f1) macroscopic view with a stereomicroscope of iron oxides and 
unidentifiable fossils within white and yellow splotches; (f2) micro-
scopic view of thin section (XPL), with visible unidentifiable fossils 
and iron oxides; (f3) microscopic view of thin section (PPL) with 
a concentration of fossils (possibly sponge spicules) and a fracture. 
(g–h) Type 5 macroscopic and microscopic views: (g) macroscopic 
view with a stereomicroscope; (h1) macroscopic view with a ster-
eomicroscope with visible unidentifiable fossils; (h2) microscopic 
view of thin section (PPL), with visible unidentifiable fossils, sponge 
spicules, and iron oxides; (h3) microscopic view of thin section 
(XPL) with small unidentifiable fossils, iron oxides and a possible 
ostracod replaced by fibrous chalcedony and macrocrystalline quartz
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or macroscopic varieties through time and for future correla-
tion with technological data.

Based on the previously described macroscopic and pet-
rographic characteristics of the Lower Jurassic cherts of the 
Algarve (Belmiro et al., 2023), we interpret Types 2, 3, 4, 
and 5 to be local, as they are congruent with the described 
characteristics representative of cherts from the Lower Juras-
sic found in the known outcrops Cabo S. Vicente, Foz dos 
Fornos, Ponta dos Altos, Praia do Belixe, and Ferrel (Car-
ixian; < 20 km from Vale Boi, as the crow flies), possibly 
Upper Jurassic Kimmeridgian outcrops of Mareta (~ 15 km 
from Vale Boi, as the crow flies), and Middle Jurassic Mal-
hão formations (80–100 km east of Vale Boi, as the crow 
flies) of the Algarve basin. Types 2 and 3 are congruent 
with the frequently available brown/yellow and red nodules 
and beds (Fig. 4 b–d), ranging from uncommon to very fre-
quent fossils. These can be found in all previously mentioned 
outcrops. The macroscopic similarities of Types 4 and 5 
are more limited (Fig. 4 e–h), as they show similarities to 
specific nodules, rarely found in the known outcrops, and 
mostly located in the inland Lower Jurassic outcrop of Fer-
rel (Fig. 1 b). As such, we interpret these cherts as local, 
but possibly from nodules and inland outcrops that are no 
longer frequently available or visible in the landscape. This 
is especially relevant since the inland outcrops of Ferrel are 
currently mostly destroyed and can be found in poor pres-
ervation conditions, due to recent human intervention and 
construction work, and with small, broken nodules in the 
surface, frequently altered (Belmiro et al., 2023).

Cherts Not Congruent with Local Sources (Types 6–11 
and TL)

We identified six chert types with macroscopic and petro-
graphic characteristics that are not congruent with the chert 
available in known outcrops in western Algarve (Fig. 5).

Type 6 (Fig. 5 a–b) corresponds to a massive cryptocrys-
talline quartz with a mudstone texture, from a marine envi-
ronment. It represents ~ 18% of the overall Terrace cherts 
and ~ 12% of the chert in the Shelter. This chert is translu-
cent and shows a variety of colours, ranging from brown, 
red, and grey, which seem to vary in function of the arte-
fact’s thickness. In unaltered samples, visible bioclasts are 
rare. The cortex is mostly rounded, and rarely pebble-like, 
ranging from thin to medium thickness (Table 4). Two sub-
types were individualised based on macroscopic character-
istics such as colour, translucency variation, and patterns, 
although they may simply reflect the use of specific nodules 
from within Type 6’s variability. Five thin sections were 
produced to better characterise the macroscopic variability 
of this type and sub-types. The petrographic analysis shows 
the samples are characterised by a massive microstructure, 
mainly composed of cryptocrystalline quartz (between 95 Ta
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and 97% in the samples), with accessory fibrous chalcedony 
found replacing fossils or filling fractures (Fig. 5 a2–b2), 
and in some samples macrocrystalline quartz, microcrystal-
line quartz, and micrite/sparite. Allochems are opaques, iron 
oxides, and bioclasts. Bioclasts are unidentifiable and poorly 
preserved, with rare identifiable fossils such as sponge spic-
ules, replaced by fibrous chalcedony and rarely by micro-
crystalline quartz. Porosity is present between < 1–1%, of 
vug-type when identifiable.

The similarities between chert artefacts at the UP occupa-
tions of Vale Boi and the chert from the Rio Maior region 
(Central Portugal; Fig.  1 a) have been previously sug-
gested although without systematic studies to ascertain the 

attribution (Nuno Bicho et al., 2013; Pereira et al., 2016b). 
These Cretaceous cherts, mostly found in secondary deposi-
tion settings, are described as frequently translucent, with 
geodes, colours ranging from yellow to red or grey, and 
mineralogically homogeneous between them. Petrographic 
studies from Central Portugal highlight the presence of iron 
oxide accumulations and rare fossil ghosts or frequently dif-
ficult to see in thin section (Matias, 2016). When identified, 
sponge spicules and possible rare foraminifera have been 
identified (Matias, 2012).

Studies of Upper Cretaceous cherts located in the Lisbon 
area describe cherts with similar macroscopic characteristics 
(Fig. 1 a), with micro-cryptocrystalline quartz mudstones 

Fig. 5   Variability of non-local types and main petrographic character-
istics. (a–b) Type 6 macroscopic and microscopic views: (a1) mac-
roscopic view with a stereomicroscope with a small degree of white 
patina and no visible fossils; (b1) macroscopic view with a stereomi-
croscope of a thick alteration rind but translucent interior where some 
unidentifiable fossils are visible; (a2) microscopic view of thin sec-
tion (PPL) with a mudstone texture; (b2) microscopic of thin section 
(XPL) with small unidentifiable fossils and a laminar microstructure. 
(c–d) Type 7 macroscopic and microscopic views of the peloidal 
facies (c) and oolitic facies (d): (c1) macroscopic view with a ster-
eomicroscope of peloids and sponge spicules; (d1) macroscopic view 
with a stereomicroscope of poorly preserved ooids; (c2) microscopic 
view of thin section (PPL) with packstone texture composed mainly 
of peloids; (d2) microscopic view of thin section (PPL) with pack-
stone texture composed mainly of ooids. (e–f) Type 8 macroscopic 
and microscopic views, with foraminifera represented by the white 
and black arrows: (e) macroscopic view with a stereomicroscope with 

abundant unidentifiable fossils and foraminifera; (f1) macroscopic 
view with a stereomicroscope with abundant unidentifiable fossils 
but no visible foraminifera; (f2) microscopic view of thin section 
(PPL) with packstone texture composed of unidentifiable fossils and 
foraminifera which are not visible macroscopically; (f3) microscopic 
view of thin section (PPL) with packstone texture composed of uni-
dentifiable fossils and foraminifera which not are visible macroscopi-
cally. (g) Type 9 macroscopic and microscopic views: (g1) macro-
scopic view with a stereomicroscope of unidentifiable fossils and two 
different fabrics; (g2) microscopic view of thin section (XPL) with 
packstone texture composed of concentrations of unidentifiable fos-
sils and opaques which create a banded microstructure. (h) Type 10 
macroscopic and microscopic views: (h1) macroscopic view with a 
stereomicroscope of ooids and fractures filled with chalcedony; (h2) 
microscopic view of thin section (PPL) with packstone texture com-
posed of ooids with different levels of preservation
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with bioclasts such as sponge spicules or bivalve fragments, 
or wackestone/packstone textures with abundant bioclasts, 
including ostracods and different types of foraminifers 
(Jordão & Pimentel, 2022). These cherts have also been 
reported as found in highly variable cobble morphologies 
and macroscopic traits, which is also observable through 
the reference samples from central Portugal hosted at Luso-
Lit. Similar to the archaeological thin sections from Type 6 
and congruent with other studies (Jordão & Pimentel, 2022; 
Matias, 2016), the thin sections produced from the Creta-
ceous cherts hosted at Lusolit show a massive, cryptocrys-
talline mudstone structure, with uncommon fossils (ghosts), 
iron oxides and low porosity (< 1%). From these Cretaceous 
cherts from central Portugal, only the dark grey nodules 
(sample RT231, with petrographic descriptions available in 
our online research compendium) showed identifiable fossils 
which were rare ostracods.

Based on the macroscopic and petrographic similarities 
to the geological references from central Portugal and con-
gruence with previous studies from this area, we interpreted 
Type 6 (and sub-types) as belonging to the macroscopically 
variable Cretaceous cherts (Upper Cenomanian formations) 
from central Portugal, between ~ 215 and 250 km (as the 
crow flies) north of Vale Boi (Fig. 1 a).

Type 7 (Fig. 5 c–d) is a massive micro-cryptocrystalline, 
peloidal/oolitic packstone, from a marine environment and 
possibly a high-energy, shallow depositional environment, 
due to the type, sorting, and preservation conditions of the 
ooids. In the terrace, it represents 10% of the overall Ter-
race cherts and less than 1% of the chert in the Shelter. It 
is characterised by white and grey colours. The cortex is 
from an outcrop, rounded and in lesser frequencies (< 30%) 
irregular, and varying between medium thickness to thick 
(Table 4). This type shows several facies, with different 
types and concentrations of allochems and bioclasts, such 
as peloids (Fig. 5 c1), ooids (Fig. 5 d1), and sponge spicules. 
A detailed scheme of the facies can be found in the Supple-
mentary Information (Online Resource 2). The petrography 
results show this chert has a massive microstructure and 
packstone texture (Fig. 5 c2–d2). It is composed mainly of 
micro-cryptocrystalline quartz (80%), fibrous chalcedony 
(10%), and micrite (10%). Allochems are opaques, iron 
oxides, ooids, and peloids. The ooids are poorly preserved 
and only uncommonly show concentric lamellae in plane-
polarised light. Unlike macroscopical observations, bioclasts 
under the thin section are all unidentifiable, although rare 
fossils may be bivalve shells. Porosity is variable (< 1–10%).

The consultation of the lithotheque hosted at UCA 
allowed us to identify a subset of cherts with similarities to 
those from Type 7 from the Middle Subbetic region (Betic 
Systems, south Spain, Fig. 1). These cherts are massive, sub-
translucent, peloidal/oolitic packstones. Allochems include 
very frequent peloids and ooids. The peloids are densely 

arranged in the samples, more or less visible depending on 
the alterations to the surface or the thickness. The ooids are 
poorly sorted, with oval or round shapes, and replaced by 
quartz. Uncommonly the ooids show a preserved nucleus. 
The presence of bioclasts varies between samples, ranging 
between common to rare, and when present/identifiable 
include sponge spicules (common), foraminifera (rare to 
uncommon), and echinoderm spines (rare). Similar cherts 
have also been identified and described in previous works, 
describing grey cherts with peloidal and oolitic facies and 
occasional foraminifera (Rodríguez et al., 2011). Despite 
the non-existence of thin sections for comparison, the mac-
roscopic similarities between the cherts allow us to interpret 
Type 7 as coming from the Upper Jurassic formations of the 
Betic Systems, located in the south and southeastern Iberian 
Peninsula, at least 250 km (as the crow flies) east from Vale 
Boi (Fig. 1).

Type 8 (Fig. 5, e–f) corresponds to a massive micro-cryp-
tocrystalline quartz from a marine environment and shelf/
platform depositional environment. It represents ~ 2% of the 
overall Terrace cherts and ~ 5% of the chert in the Shelter. 
Identified and well-preserved fossils are foraminifera from 
the Pfenderenidae family (Fig. 5 e, f2), which are larger 
benthic foraminifera from marine environments (BouD-
agher-Fadel, 2008). The association of these foraminifera 
indicates this chert formed from sediments deposited pos-
sibly between the Jurassic to the Cretaceous. Macroscopi-
cally, this type is characterised by grey and white colours 
(Fig. 5 e–f1). The translucency ranges from sub-translucent 
to opaque. Whenever present, the cortex is rounded and thin 
(Table 4). Petrographically, this type is a packstone (mud-
stone texture close to the edges) with a massive microstruc-
ture. It is composed of 97% micro-cryptocrystalline quartz, 
macrocrystalline quartz, and fibrous chalcedony mostly 
replacing fossils. Other minerals include uncommon iron 
oxides and the porosity is of vug type (3%). Fossil content 
is very frequent (Fig. 5 f2–f3), albeit mostly unidentifiable 
and poorly preserved. Identified fossils are rare sponge spic-
ules, rare ostracods with some degree of preservation, com-
mon small, unidentified foraminifera (100 μm) of differing 
preservation degrees, and as mentioned above, foraminifera 
from the Pfenderenidae family (500 μm). Despite the mac-
roscopic similarities between Type 8 and cherts from the 
Middle Subbetic region chert formations (Fig. 1), the geo-
logical reference samples showed no macroscopically visible 
foraminifera. However, our results indicate that despite no 
foraminifera being visible macroscopically, they are present 
in thin section. The fact that no foraminifera were identi-
fied in the small number of analysed samples from the UCA 
lithotheque with similarities to Type 8 (n = 3) may simply 
reflect their uncommon visibility, possibly due to patination. 
Another possible source for Type 8 cherts may be the Upper 
Cretaceous wackestone/packstone cherts with foraminifers 
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from the Lisbon region (Jordão & Pimentel, 2022). How-
ever, these studies do not specify the existence of Pfende-
renidae foraminifers. Given the lack of this specific fossil 
in the reference samples from the Betic chert ~ 250 km east 
and southeast, and the Central Portugal cherts 215–250 km 
north, the probable source of Type 8 remains unknown.

Type 9 (Fig. 5 g) corresponds to a banded micro-cryp-
tocrystalline quartz/micrite peloidal packstone. It corre-
sponds to less than ~ 2% of the overall cherts in the Terrace 
and Shelter areas. It is opaque, has a heterogeneous struc-
ture, and is characterised by a variable colour distribution: 
it shows a horizontal, finely laminated pattern, with grey 
dark bands intercalated with light grey bands (Fig. 5 g1). 
Whenever present, the cortex is rounded and is generally 
thin (Table 4). In specific samples, the cortex is present on 
two parallel planes of the sample (parallel to the lamina-
tions), which indicates the chert was originally available in 
bedded layers. Petrographically, this chert is a banded pack-
stone (banding of sedimentary origin; Fig. 5 g2), composed 
mostly of micro-cryptocrystalline quartz (48%), micrite 
(40%), dolomite (10%), and accessory fibrous chalcedony 
and mica (muscovite). The allochems are peloids, unidenti-
fiable bioclasts, iron oxides, and opaque minerals. Porosity 
is low (1%). Although its origin is unknown, when visiting 
the UCA lithotheque, we identified a small type of banded 
black cherts without noticeable fossils or inclusions. Despite 
the lack of comparative petrographic data, the macroscopic 
resemblances raise the possibility that Type 9 belongs to 
Betic chert formations in Southern Spain, 250 km east (as 
the crow flies) from the site (Fig. 1).

Type 10 (Fig. 5 h) is an oolitic packstone, massive micro-
cryptocrystalline micrite/quartz from a marine environment 
and possibly a high-energy, shallow depositional environ-
ment, due to the type, sorting, and preservation conditions of 
the ooids. It represents ~ 1% of the overall Terrace cherts and 
less than 0.1% of the chert in the Shelter. Its heterogeneous 
structure has two types of fabrics with different macroscopic 
characteristics: brown (opaque) and black (sub-translucent) 
fabric (Fig. 5 h1). The sample chosen for the thin section 
is composed of 35% micro-cryptocrystalline quartz, 53% 
micrite, 9% macrocrystalline quartz, and accessory fibrous 
chalcedony (filling fractures) and mica; the percentages of 
quartz and micrite might be related to the fabrics present in 
the artefacts. Allochems are common iron oxides and very 
frequent ooids. Bioclasts are rare, poorly preserved, and 
replaced by quartz. The porosity is intraparticle and vug 
(10%). The ooids are distributed homogeneously across 
the sample (although macroscopically visible in the brown 
fabric) and are highly abundant and concentrated. They are 
poorly sorted, varying between 500 and 20 μm (Fig. 5 h2), 
they show round-to-elliptical shapes, and their preservation 
is variable: some ooids show a poorly preserved micritic 
structure, while others show concentric laminae structures 

around a round nucleus (Flügel, 2010). This chert shows no 
similarities to any consulted reference material. Despite the 
existence of oolitic limestones in the Algarve region corre-
spondent to Middle and Upper Jurassic formations and often 
described as whiteish (Rocha et al., 1979), the presence of 
oolitic chert in the region is not recognised in geological 
and archaeological literature (Cardoso et al., 2018; Rocha 
et al., 1979; Verissimo, 2004) and the visit of outcrops 
mentioned in the geological cartography did not allow their 
identification.

Type 11 (Fig. 6) is a banded/laminated mudstone, charac-
terised by the presence of a conchoidal fracture (within the 
nodule) and a non-conchoidal, laminar fracture (at the edges 
of the nodule). This chert type is grey, opaque, and without 
identifiable allochems. This chert shows a limited presence 
at the archaeological site as previously mentioned, restricted 

Fig. 6   Macroscopic view with a stereomicroscope of non-local Type 
11 and TL cherts. Type 11—detail of banded patterns composed of 
parallel different fabrics; TL01—detail of the jasper and fractures 
filled with chalcedony; TL02—detail of the chalcedony with uni-
dentified orange inclusions; TL03—detail of two round inclusions, 
possibly iron oxides; TL04—detail of massive chert with fractures 
filled with chalcedony; TL05—detail of the banded pattern within 
the grey mudstone texture; TL06—detail of the small, finely sorted 
ooids; TL07—detail of the dendritic laminations, possibly composed 
of iron oxides; TL08—detail of the mudstone structure, without the 
presence of allochems; TL09a/b—detail of the mossy, orange and 
red inclusions within the chalcedony; TL10—detail of the speckling 
and laminated patterns within the mudstone structure; TL11—detail 
of the banding within the mudstone structure; TL12—detail of the 
poorly preserved ooids, only visible under the stereomicroscope; 
TL13—detail of the bands and laminations within the mudstone tex-
ture fabric; TL14—detail of an unidentified benthic foraminifera; 
TL15—detail of the interface between the massive brown fabric and 
splotches; TL16—detail of the of the massive structure with uniden-
tifiable inclusions
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to the Solutrean occupations, and corresponding to less than 
0.1% of the Terrace cherts and ~ 2% of Shelter cherts.

Finally, the TL types (Fig. 6) are characterised by several 
samples without macroscopic correspondence to the previ-
ously identified types or to the local cherts and chalcedony 
from the Algarve region previously described by Belmiro 
et  al. (2023). These are composed mostly of blanks or 
retouched tools, rarely with cortex (Table 4), and rarely the 
same TL type is found in different archaeological layers. A 
detailed description of these types can be found in the Sup-
plementary Information (Online Resource 2). In both areas, 
the TL cherts compose less than 1% of the cherts.

Apart from the types common throughout the stratigraphy 
of the Terrace and Shelter, Type 11 and samples from the 
TL type also show no identifiable source. The exceptions are 
TL01, TL10-11, and TL15-16.

Jasper is known in the South Portuguese Zone area 
(Oliveira, 1984), from southern/central Portugal to Spain, 
north of the Algarve (from Aljustrel to Beja; Fig. 1), sug-
gesting that the source of TL01 may be from south/central 
Portugal at a minimum distance of 100 km north and north-
east from Vale Boi (as the crow flies).

Similarly, despite being different from the most frequent 
Cretaceous nodules, the macroscopic similarities between 
TL10 and TL11 and specific nodules from central Portugal 
in the Lusolit lithotheque may indicate these cherts are from 
the Estremadura/Lisbon area (Fig. 1 a). This difference in 
appearance may be due to the already-mentioned variability 
of the nodule’s macroscopic characteristics.

Finally, TL15 and TL16 show macroscopic similarities 
to radiolarite reference samples located at the Cadiz litho-
theque, which may indicate the source of these cherts is 
from the Middle Subbetic region (Domínguez Bella, 2010; 
Domínguez-Bella, 2006).

Stratigraphical Distribution

Terrace Area

Most chert types described above are consistently present 
across the Terrace stratigraphy (except for Type 11 which 
appears only in level 4 and in a small number of artefacts; 
n = 2). However, being ubiquitous, we identified a difference 
in the percentages of chert types throughout the stratigraphy 
(Fig. 7).

In the Gravettian occupations (levels 6 and 7) and at 
the start of the Proto-Solutrean (level 5) local cherts make 
up ~ 45–60%, while the combined non-local cherts make 
up ~ 65–40%. Level 6 shows the highest percentages of all 
non-local chert use, with specific types like Type 6 rep-
resenting ~ 30%, although when considering the sum of 
weight, the percentages reduce, and non-local chert repre-
sents ~ 50% of total chert. The percentages of local chert 

increase in the following occupations. In the Proto-Solutrean 
(levels 4E and 4E/5) and Solutrean (levels 4, 4C, and 4D) 
local cherts make up more than ~ 70% of the sample and 80% 
when considering the sum of weight, while non-local cherts 
decrease significantly and represent percentages lower than 
30%. Despite the increase of local cherts during the Proto-
Solutrean and Solutrean, there are still significant differences 
between the local types present in the two technocomplexes. 
During the top Proto-Solutrean occupations, the grey/white 
cherts (Type 4) are the most present chert with percentages 
between 35 and 20%, while in the Solutrean levels, the yel-
low/brown cherts (Type 2) are present in the highest percent-
age, at ~ 30%.

When plotting the weight, it is apparent that most of the 
samples are located under the 10 gr mark, with median and 
bottom quartiles often falling under the 5 gr line (Fig. 8). 
Local types, such as Type 2, Type 4, and Type 5, although 
mostly represented by artefacts with a medium mass (~ 5–10 
gr), show the heaviest and highest number of heavy artefacts. 
In comparison, other types, although showing some varia-
tion in the weight of artefacts, show smaller artefacts and 
their means and medians are frequently closer to the bottom 
quartile. As seen in (Fig. 8), non-local types show larger 
weights from level 5 to level 7.

Shelter Area

The same raw materials found in the Terrace area are also 
found in the Solutrean occupation of the Shelter, albeit 
with some differences (Fig. 9). The local cherts make up 
between ~ 65 and 75% (considering both counts and weight) 
of the sample and are mainly composed of the brown/yel-
low cherts (Type 2) that frequently characterise the Lower 
Jurassic outcrops of the Algarve (Fig. 9 a–b). The presence 
of cherts not congruent with the local sources is, like level 4 
in the Terrace, close to 25%, although dominated mostly by 
Type 6 (~ 15%). Similarly to the Solutrean occupations of 
the Terrace, although the artefacts are generally small (lower 
weights), the local types show a higher variability in mass, 
with several outliers and heavy samples when compared to 
the non-local types (Fig. 9 c).

Discussion

The macroscopic and petrographic analysis of chert and 
chalcedony lithic materials from the UP levels of the Terrace 
and Shelter areas at Vale Boi yielded essential insights into 
the procurement of raw materials and the mobility patterns 
of hunter-gatherers in Southwestern Iberia. These materi-
als serve as valuable indicators for identifying changes in 
mobility, as they reveal patterns of both local and non-local 
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procurement and have allowed us to answer questions about 
landscape exploitation and territory movement through the 
presence (or absence) of local, regional, and long-distance 
cherts.

The patterns of high percentages of local raw materi-
als in all assemblages indicate a heavy reliance on nearby 
resources. The local chalcedony and chert indicate that 
the groups were sourcing a significant portion of their raw 

materials within approximately a 20 km radius of the site. 
The direct procurement of these materials is plausible, given 
that known chalcedony primary sources are situated to the 
west, about 10 km from Vale Boi (or possibly in the vicinity 
of the site), and chert sources are found to the east, within the 
inland Lower Jurassic outcrops, roughly 8 km away (Fig. 1 
b). This hypothesis is supported by the potential existence 
of UP occupations near these outcrops, which might reflect 

Fig. 7   Terrace area chalcedony and chert type frequency (a) and 
weight sum (b) per level, without unidentifiable samples. Only per-
centages superior to the 5% threshold are shown in the figure. Types 
1 to 5 (yellow and red colours) represent local chalcedony and cherts. 

Types 6, 7, and 9 represent non-local cherts with identified probable 
provenience (brown colours). Types 8, 10, and 11 represent non-local 
cherts with non-identified provenience (blue and green colours)
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quarrying and chert catchment activities during prehistory 
(Zambujo, 1998). Evidence of short-distance procurement 
at Vale Boi includes the presence of heavy nodules (Fig. 8) 
with little indication of knapping and large chunks of chert 
from local varieties, often with parent rock still attached.

It is also possible that local cherts were procured from 
farther distances, perhaps as part of embedded activities 
(Pereira et al., 2016b). The chert sources from the Lower and 

Upper Jurassic periods in western Algarve, located along the 
beach and cliff areas, can be found between 15 and 18 km 
southwest of Vale Boi (Fig. 1 b). While our current data is 
not able to pinpoint which specific outcrops were exploited 
based on macroscopic and petrographic analysis, the iden-
tification of persistent coastal adaptions at Vale Boi (Nuno 
Bicho & Esteves, 2022) and exploitation of marine resources 
such as shells at the site indicate that these groups visited the 

Fig. 8   Terrace boxplots of chert type weight (gr) per level. Diamond 
shape within the boxplots represents weight mean. Types 1 to 5 (yel-
low and red colours) represent local chalcedony and cherts. Types 6, 

7, and 9 represent non-local cherts with identified probable proveni-
ence (brown colours). Types 8, 10, and 11 represent non-local cherts 
with non-identified provenience (blue and green colours)



	 Journal of Paleolithic Archaeology             (2025) 8:8     8   Page 18 of 25

coast and used the available coastal resources throughout all 
of the UP (Belmiro et al., 2021; Manne & Bicho, 2011). This 
suggests that raw materials could have been conveniently 
acquired in coastal vicinities without significant detours 
(Binford, 1979; Surovell, 2009).

The limitations of macroscopic and petrographic meth-
ods in discerning between outcrops due to the chert nod-
ule similarities have also impaired the specific distinction 
between Lower Jurassic and Upper Jurassic sources in west-
ern Algarve (within approximately a 20 km radius of the 
site) and Middle Jurassic cherts located in eastern Algarve 
(approximately 80 km to the east; Fig. 1 c). As such, the 
presence of these regional resources at Vale Boi is uncertain.

A similar issue was noted by Surovell (2009), who 
described a scenario at the Late Pleistocene archaeologi-
cal site of Krmpotich (USA), where a specific type of chert 
found at the site could be sourced from both local and long-
distance outcrops. The author suggested that some of these 
cherts might have been imported from distant sources or 
previous campsites.

Consequently, we cannot rule out the possibility that 
some of the cherts we have identified as being sourced 
within a 20 km radius of Vale Boi may actually be the result 
of regional procurement and mobility, potentially from areas 
approximately 80–100 km away, where the Middle Jurassic 

cherts are located. Given the similarity of the raw materials 
and the absence of geochemical studies which have shown 
to be key to differentiating between cherts belonging to the 
same geological formations or cherts formed under similar 
conditions (Gómez De Soler et al., 2023), and considering 
the studies and model mentioned above, most of these cherts 
likely originate from local sources, while a minor portion 
may be attributable to regional movements.

In contrast to the Middle Jurassic cherts, the regional 
Upper Jurassic cherts located ~ 90 km east of Vale Boi 
(Fig. 1 c) have easily discernible characteristics. However, 
they have not been detected in the assemblages. This absence 
could be attributed to the limited use and transport of these 
nodules from their sources to Vale Boi, potentially due to the 
small size of the nodules (often between 3 and 5 cm), the dif-
ficulty of detaching them from the parent rock, or challenges 
related to their accessibility and visibility, given that the 
known outcrops are situated inland, approximately 10 km 
from the present coastline. This may corroborate the previ-
ously observed interest of Pleistocene hunter-gatherers in 
coastal environments in Iberia (Schmidt et al., 2012), which 
would have been characterised by rich marine productiv-
ity due to upwelling especially in the Atlantic coast (Nuno 
Bicho & Esteves, 2022; N. Bicho & Haws, 2008), as well as 
the aforementioned adaptations and use of coastal resources 

Fig. 9   a–b Shelter area 
chalcedony and chert type 
frequency (a) and weight sum 
(b) per level, without unidentifi-
able samples. Only percentages 
superior to the 5% threshold are 
shown in the figure. c Shelter 
boxplots of chert type weight 
(gr) per level. Types 1 to 5 (yel-
low and red colours) represent 
local chalcedony and cherts. 
Types 6, 7, and 9 represent 
non-local cherts with identified 
probable provenience (brown 
colours). Types 8, 10, and 11 
represent non-local cherts with 
non-identified provenience (blue 
and green colours)
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of hunter-gatherers from Vale Boi (Nuno Bicho & Esteves, 
2022; Manne & Bicho, 2011).

A similar case is observed for the jaspers located in the 
SPZ (Oliveira, 1984), located at a minimum of 100 km 
distance from Vale Boi, as the crow flies. Despite being a 
source located at closer distances when compared to the 
cherts of central Portugal or from southwestern Spain, 
the jasper occurs in trace amounts (n = 3) and only in the 
Gravettian layers (layer 6). Occurring north and northeast, 
the limited amount of jasper in the assemblage may either 
represent a limited use of these resources in detriment of 
the cherts from the Lisbon and Rio Maior area, or suggest 
that they were used and knapped elsewhere, but not trans-
ported, either by the same groups or through exchanges 
by different groups.

So far, we have discussed the presence of cherts whose 
outcrops are in relative proximity to Vale Boi and show the 
full usage of local chert variability (albeit with uncertainty 
regarding the Upper Jurassic cherts of western Algarve due 
to their macroscopic similarities) and the selective usage 
of regional cherts within the Algarve. As previously men-
tioned, however, it is the combined identification of local 
and long-distance cherts that allows us to have a better 
idea of the total exploited territory, as well as the pos-
sible existence of exchanges and social networks between 
groups occupying different territories.

Although a wide variety of chert types incongruent with 
the regional reference collection were identified through-
out the stratigraphy and classified as non-local, we were 
only able to ascertain the possible sources of three types: 
Type 6, Type 7, and Type 9. The long-distance cherts with 
identified sources come from distances of over ~ 200 km 
and in two main directions: (1) from the north, where Cre-
taceous cherts from central Portugal are found (Fig. 1 a); 
and (2) from the east, where peloidal/oolitic chert from 
western Andalusia is present (Fig. 1), and possibly jasper, 
transported by the Guadiana river at the current border 
between Portugal and Spain.

In fact, Vale Boi’s proximity to a coastal setting, with 
access to beaches, as well as rivers such as the Guadiana 
River, where raw material nodules could be transported from 
far-away distances, could explain the presence of long-dis-
tance cherts. In this case, the presence of cherts with sources 
from over 200 km would be explained by their procurement 
in secondary settings and a possible local movement range. 
However, the scarcity of pebble cortex and the predomi-
nance of rounded cortex suggest that these cherts were likely 
not collected from beaches or riverbeds far from the outcrops 
but were possibly gathered closer to the source areas (Kuhn, 
2004). As such, the presence of these long-distance cherts is 
better explained by the extended movement of human groups 
in the south-north and west–east axes.

However, it is relevant to ask why human groups occupy-
ing Vale Boi were obtaining a considerable amount of their 
chert from such long distances and such specific directions, 
either directly through procurement or through exchanges 
with other groups. Although the source of the other non-
local cherts is still unknown, making the directions and 
distances to obtain them also unknown, the identified axes 
of long-distance movement to the north and east may be 
the result of the influence of the topography on mobility 
patterns. Indeed, formal models that seek to explain hunter-
gatherer mobility have highlighted the significance of factors 
such as topography on the distances travelled by groups or 
individuals (Brantingham, 2006).

Similarly, friction of terrain cartography for Iberia has 
shown that terrain can produce different costs of travelling 
on foot, which differ from those directly observed on cur-
rent-day maps and direct distances (Díaz del Río, 2020). In 
this context, distance is less related to measurements and 
more related to the time it costs to go from point A to point 
B (Zilhão, 2021). For example, Díaz del Río (2020) high-
lights the existence of low-cost pathways through plateaus 
and the connectivity between the river valleys of Central and 
South Iberia (Guadalquivir, Guadiana and Tagus).

Using the same friction of terrain cartography, Zilhão 
(2021) also identifies the possible role of terrain in hunter-
gatherer mobility in the Upper Palaeolithic. For example, 
the author highlights that the Parpalló bifacial point is found 
across central/south Spain and Portugal during the Upper 
Solutrean, and thus is considered the index fossil for this 
period in the region. From westernmost central Portugal to 
easternmost central Spain (west–east axis across Iberia), 
there is a distance of ~ 800–900 km as the crow flies. How-
ever, the Parpalló point is not found in northern Spain (Cata-
lunya), only 200 km north of the easternmost site where 
the index fossil was identified. The author suggests that this 
separation may be explained by the friction of terrain, which 
divides Iberia into two halves, creating a quicker mobility 
pathway between central/south Spain and Portugal in oppo-
sition to the higher-cost time necessary to travel to northern 
Spain.

As such, the observed long-distance transfer of cherts 
in the north/east directions by hunter-gatherers at Vale 
Boi might reflect this central and southern Iberia territory 
dynamic and the exploitation of the natural corridors for 
movement, explaining the substantial use of long-distance 
chert. In this case, the presence of a smaller subset of non-
local cherts of unknown origin (TL) but not knapped at the 
site could represent different forms of long-distance trade of 
finished goods and blanks, or interactions with various social 
networks, potentially even indicating individual networks 
and mobility strategies (sensu Gamble, 1999).

Another key idea about these mobility patterns is not 
only their distance and direction but also their continuity 
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throughout the UP. The detection of the same types of non-
local raw materials throughout the stratigraphy at Vale Boi 
points to a persistent use of long-distance chert sources. This 
continuity cannot only be explained by the natural topo-
graphic connectivity between Central and South Iberia but 
can also be attributed to a tradition of shared knowledge and 
culture regarding the locations of raw materials and other 
resources within the landscape, or the preservation of social 
networks over time.

For example, Cascalheira et al. (2017) acknowledge the 
adoption of specific behavioural strategies by Vale Boi 
hunter-gatherers in response to the regional ecological 
conditions, which were sustained throughout the UP at the 
site. Practices such as grease rendering or the functional 
specialisation of raw materials (e.g. the use of quartz and 
greywacke for bone breakage activities or quartz for grease 
rendering) are seen as deliberate actions with significant 
cultural implications for future generations, influencing the 
adaptive choices made over time. Accordingly, chert raw 
material acquisition and management appear to be integral 
to these behavioural strategies, established from the site’s 
earliest occupations and perpetuated throughout the UP.

However, despite the consistent presence of local and 
long-distance chert throughout the stratigraphy, we identi-
fied trends of changing frequencies in the different occupa-
tions, possibly also providing different interpretations about 
mobility and social behaviour through time. For example, 
the significant presence of non-local cherts during the 
Gravettian occupations at Vale Boi suggests extensive com-
munication and mobility among the groups occupying the 
site. As previously established, however, while it would be 
expected for Solutrean groups to have high mobility and 
extended social networks, the opposite would be expected 
for the Gravettian occupations. As such, our results, espe-
cially those from the Gravettian occupations, diverge from 
the anticipated patterns.

Specifically, technological analyses of lithic assemblages 
have unveiled notable differences between Gravettian assem-
blages from the Atlantic and Mediterranean coastal regions, 
pointing to the existence of two distinct regional Gravet-
tian traditions in Southern Iberia: the Vicentine Gravettian 
at Vale Boi, and the Mediterranean Gravettian identified in 
UP sites in southern Spain (Marreiros & Bicho, 2013; Mar-
reiros et al., 2015). These traditions are thought to reflect 
adaptations to the unique local and regional ecological set-
tings (Bradtmöller et al., 2016) and evolving environmental 
conditions (Marreiros & Bicho, 2013), potentially fostering 
distinct ethnographic divisions among hunter-gatherer com-
munities (Marreiros et al., 2015). Consequently, it would be 
expected for territorial or cultural demarcations to influence 
material usage patterns, with a shift towards a greater reli-
ance on local resources and a diminished use of non-local 
raw materials during the Gravettian at Vale Boi.

However, the observed prevalence of non-local chert 
materials could reflect not merely long-distance movements 
within a single cultural framework but rather the result of 
interactions and exchanges between different cultural groups, 
thus explaining the existence of distinct regional technologi-
cal characteristics.

This perspective aligns with Brantingham’s (2006) dis-
cussion on social exchange, which posits that exchanges 
likely occurred between groups occupying distinct territo-
ries, who would meet regularly to trade raw materials. This 
model helps explain the presence of materials from distant 
sources at archaeological sites, illustrating the nuanced 
and interconnected nature of prehistoric social landscapes 
(Whallon, 2006).

In this sense, interpreting the ubiquitous presence of 
long-distance chert at Vale Boi as a result of exchange 
between groups and social networks informs us that even 
during chronological periods where ethnographic bounda-
ries have been suggested, there is communication and 
exchange between groups. This further cements the idea of 
interconnectedness across the Iberian territory during the 
UP, expanding the extensive line of contacts and networks 
identified across north and central Iberia (Aubry et al., 2004, 
2016; Corchón Rodríguez et al., 2016; Hermida et al., 2016; 
Marreiros et al., 2016; Ortega, 2003; Sánchez de la Torre 
et al., 2023) to southwesternmost Iberia.

However, although social networks may explain the pres-
ence of long-distance cherts at Vale Boi even during periods 
of demarked regional boundaries, the high/low presence of 
long-distance raw materials at the site may not be the direct 
result of a higher reliance on these networks, or their expan-
sion or shrinkage.

An alternative interpretation of the varying frequencies 
of non-local cherts during different periods at Vale Boi can 
be explained by the “Mean per Capita Occupation Span” 
model proposed by Surovell (2009), and the “Distance/
Frequency Index (DFI)” outlined by Grove et al. (2023). 
These models hypothesise that shorter-term occupations 
are likely to show a higher proportion of non-local arte-
facts, whereas with longer-term settlements, the prevalence 
of local artefacts increases. This pattern may be attributed 
to environmental influences: challenging conditions such as 
fragmented habitats and cooler temperatures limit mobility, 
making long-term settlement in areas rich in local resources 
a preferable, lower-risk option (Surovell, 2009).

This pattern is mirrored in the archaeological record of 
Vale Boi, where, aside from the earlier Gravettian of levels 6 
and 7, subsequent occupations seem to adopt a logistical-set-
tlement strategy, positioning Vale Boi as a long-term base-
camp (Cascalheira et al., 2017). In this context, the Gravet-
tian phase at Vale Boi could reflect a period of enhanced 
mobility and brief occupations, possibly interspersed with 
reoccupations, indicative of a significant import of non-local 
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raw materials. This scenario parallels observations from the 
Late Gravettian in the French Massif Central, where hunter-
gatherer groups are known to have transported entire or pre-
formed blocks of raw material over considerable distances 
(> 200 km) for short-term, hunting-related site occupations 
(Delvigne et al., 2019). The authors also note that in the fol-
lowing occupations, during the Badegoulian and Magdale-
nian, occupation duration increases along with a significant 
increase of local and semi-local raw materials.

Similarly, the lower percentages of non-local cherts char-
acterising the phases following the Gravettian at Vale Boi 
could reflect a period of increased site occupation. In this 
context, and following the model by Surovell (2009), the 
shift toward colder and drier climatic conditions marked 
by Heinrich Event 2 (HE2) during the Proto-Solutrean, fol-
lowed by the Last Glacial Maximum in the Solutrean period 
(Belmiro et al., 2021; Cascalheira & Bicho, 2013; González-
Sampériz et al., 2010; Sanchez Goñi & Harrison, 2010; 
Schmidt et al., 2012), could have resulted in a more chal-
lenging environment with sparser vegetation (Cascalheira 
& Bicho, 2013; González-Sampériz et al., 2010). These 
changes likely constrained the mobility of hunter-gatherers, 
fostering longer-term settlements within the resource-rich 
niche of southwestern Portugal (Cascalheira et al., 2017; 
Schmidt et al., 2012). Consequently, as settlements extended 
in duration, the reliance on non-local raw materials, whether 
sourced directly or acquired through trade, diminished in 
favour of increasingly dominant local raw materials.

Conclusions

Our findings build upon earlier studies indicating that the 
majority of chert utilised at Vale Boi originates from local 
Lower Jurassic sources within a 20 km radius of the site 
(Pereira et al., 2016b), with non-local materials constitut-
ing a relevant portion of the chert used. The hypothesis of 
long-distance procurement of Cretaceous cherts from cen-
tral Portugal, situated north of Vale Boi, is corroborated by 
visual and petrographic evidence (Nuno Bicho et al., 2013; 
Pereira et al., 2016b), and this pattern persists throughout the 
UP. Furthermore, the identification of cherts bearing mac-
roscopic resemblance to the peloidal/oolitic Upper Jurassic 
cherts from the Betic System in southern Spain confirms a 
west–east mobility axis, previously inferred from techno-
typological studies, also spanning the entirety of the UP 
period.

These findings reveal a landscape of hunter-gatherers 
engaged in complex practices of resource management, and 
possibly risk management. The presence of allochthonous 
raw materials, albeit in small quantities during the Proto-
Solutrean and Solutrean phases, underscores that the inhab-
itants of Vale Boi—situated on the periphery of Iberia and 

Europe, bordered by the sea to the south and west, and con-
fined to the patchy refugia created by the worsening climatic 
conditions of the HE2 and the following Glacial Maximum 
(Schmidt et al., 2012)—were certainly not isolated. Instead, 
they were part of an extensive social network, a pattern of 
interconnectivity that resonates with findings across western 
Europe (Aubry et al., 2004, 2016; Corchón Rodríguez et al., 
2016; Hermida et al., 2016; Ortega, 2003; Sánchez de la 
Torre et al., 2023).

In southern Portugal, this interconnection among UP 
hunter-gatherers from diverse and distant regions of Ibe-
ria is similarly observed. This was already expected for the 
Proto-Solutrean and Solutrean occupations, but less so for 
the Gravettian where social boundaries were expected based 
on previously identified technological facies between regions 
(Marreiros et al., 2015). Instead, our results show a high 
presence of long-distance raw materials during the Gravet-
tian occupations, which may indicate that social networks 
were established from the first UP occupations in south Por-
tugal and maintained through time.

The outcomes of this research pave the way for continued 
exploration of these assemblages through diverse method-
ologies. Future directions include employing a geochemical 
approach to both the studied assemblages and the geological 
reference collection, aiming to enrich discussions on mobil-
ity throughout the UP at Vale Boi. This approach is antici-
pated to provide diagnostic elements to distinguish between 
cherts from Lower and Middle Jurassic units, thereby offer-
ing a comprehensive view of regional resource utilisation 
and mobility patterns.

Additionally, experimental replication and the creation of 
a reference collection modified through heat treatment could 
enhance the identification of raw material types and cur-
rently indistinguishable samples, as noted in prior research 
(Pereira et al., 2016b). Lastly, we intend to integrate tech-
nological data from current and ongoing datasets to delve 
deeper into the usage and management of raw materials 
(both local and non-local) over time, their association with 
different site uses, and to contextualise these practices within 
the broader framework of human adaptations to changing 
environmental conditions throughout the UP.
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