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ARTICLE INFO ABSTRACT

Keywords: Petroarchaeological proxies of blades are a powerful tool for the study of mobility in prehistoric populations to
Copper age deliver more information on the network relationships of exchange, particularly during the Copper age. How-
Mobility ever, it is only recently that the first petroarchaeological studies have begun in the SW of the Iberian Peninsula,
gisj;r:;;l:;()bgy concerning Recent Prehistory.

p-XRF A sampling of blades from Vila Nova de Sao Pedro, one of the main fortified settlements in Portuguese

Estremadura, was used for petrographic and geochemical study. Following the same protocol, geological samples
of flint and also igneous rocks were analysed. Additionally, a techno-typological approach was combined in order
to characterize the blades types in circulation.

This preliminary study traced the diverse and complex dynamics of blade production, which involved the
collection of the most readily available Rio Maior flint and the regionally selected Caxarias flint. There were no
significant differences in knapping techniques for these two types of flint. The most distant oolitic varieties from
Subbetic Cordillera (within 500 km) and the igneous rocks from the Iberian Piryte Belt (within 250 km),
particularly for large blades, were not debitated at the site.

Due to the high numbers of those types of materials at the site, Vila Nova de Sao Pedro most likely played a
significant role in the complex mobility networks of large blades, establishing itself as an aggregating site and
possibly a distributor of these artefacts to the Southwest of the Iberian Peninsula.

Considering the proximity and the quality of Rio Maior flint sources but also to the amount of raw materials at
the site sourced from a long distance, this study shows that mobility is more influenced by cultural motivations
than by the availability or quality of raw materials.

1. Introduction and background

This paper presents the first results on raw material sourcing and
circulation networks of the chalcolithic blades recovered in Vila Nova de
Sao Pedro settlement, in Portuguese Estremadura.

Our work is developed in the framework of the MOBlades explor-
atory project: Provenance of blades’ raw material as an indicator of human
mobility during the Copper age of the SW of the Iberian Peninsula
(https://doi.org/10.54499/2023.13251.PEX). One of the main goals of

this project about long distance mobility and interaction networks is to
unravel why communities that consume local/regional flint blades also
“import” them from long distances. To achieve this overarching objec-
tive, the integration of lithic raw material provenance analysis with the
examination of skilled production represents a fundamental approach in
order to determine the role of raw material technological constrains and
cultural choices in shaping the archaeological record.

This archaeological site will be studied as an intermediate aggrega-
tion and diffusion centre, embedded in large-scale circulation networks
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where materials and people from different places would periodically
arrive in the sense that was predicated to the enclosure site of Perdigoes
(Valera et al., 2020).

This study will focus on blades techno-typology combined with the
raw material characterization aiming at the recognition of the different
technological traditions and the identification of flint types as litho-
logical tracers.

1.1. Human mobility during the Copper age of the SW of the Iberian
Peninsula

Mobility is an integral component of society. To be social is, by
definition, to be in relation with others and Societies are based on
interaction, isolation being the exception. Mobility and contact, in the
diversified forms and scales they may assume, are at the core of social
organizations, and central to their understanding (Valera et al., 2020).

In recent years, raw material characterization studies along with
developments in strontium isotope analyses and DNA studies have
provided new evidence for the subject of movement and mobility of
people, animals and objects in late prehistoric Europe (Leary and Kador,
2016; Lillios, 2020; Waterman et al., 2014). In Iberia, the existence of
long-distance trade of exotic materials is supported by archaeological
amber (Murillo-Barroso and Martinon-Torres, 2012; Odriozola et al.,
2019), ivory (Schuhmacher, 2017; Schuhmacher and Banerjee, 2012),
jade, turquoise or variscite (Bradley and Watson, 2020; Pétrequin and
Pétrequin, 2016; Ramirez, 2021; Sanchez-Gomez et al., 2026), raw
material for polished stone tools (Lillios, 1997; Valcarce et al., 2012),
oolitic chert blades (Jordao et al., 2024a; Morgado Rodriguez et al.,
2011; Nocete et al., 2005) and flint (Jordao and Pimentel, 2021; Mat-
aloto et al., 2017; Rodriguez Rellan et al., 2015; da Silva and Soares,
1987; Valera and Filipe, 2004).

This ‘import package’ where rocks play a nuclear role, reflects the
distribution and exchange networks in which the prehistoric sites and
intersects with the geological resource’s exploitation territory itself
(Delvigne et al., 2021). Our first sourcing study in Vila Nova de Sao
Pedro began with the lithic materials recovered in the recent excava-
tions (Neves et al., 2024) based on a set of cores, flakes, bladelets and a
few artefacts to detect the direct supply territory (Jordao et al., 2024b).
A detailed appraisal of the raw materials available from domestic to
remote sources in each territory is crucial to understand the mobility of
these communities (Affolter et al., 2022; Chatzimpaloglou et al., 2020;
Moscone et al., 2024). However, despite some techno-typological
studies of the Chalcolithic lithic industry that include a raw material
provenance component (Furestier, 2005; Moscone et al., 2020) there is a
lack of provenance studies on the Late Prehistory from Western Europe,
particularly in Portugal.

In a few recently excavated sites of Portuguese Estremadura it has
been confirmed that, in general, the blades and particularly the large
ones (with more than 2 cm width) were not produced in the settlements,
due to the absence of blade cores and core preparation flakes (Jordao,
2024; Jordao et al., 2024b; Jordao and Cardoso, 2024; Rocha et al.,
2023; Sousa, 2010). The blades but also the bifacial flaked stone arte-
facts were probably knapped near flint source-areas, as it is documented
in Casas de Baixo (Caxarias, Ourém), and distributed from there to the
consumption sites (Forenbaher, 2007, 1999, 1998; Jordao and Cardoso,
2024).

The scarcity of knapping workshops in the archaeological record and
the absence of petroarchaeological chert provenance studies in Late
Neolithic and Chalcolithic sites of Portuguese Estremadura contrasts
with the picture available for southern Iberia (e.g. Lozano et al., 2010;
Morgado Rodriguez et al., 2009, 2008), and it is difficult to identify the
circulation networks of these artefacts in Western Iberia. Nevertheless,
as it is observed in Portuguese Estremadura Copper age sites of Zam-
bujal, Férnea, Sao Mamede and Leceia, the oolitic chert blades, excep-
tional due to their raw material and dimension, seem to have their own
territory of circulation, independent from the “common” blades,
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knapped from local flint and with more reduced dimensions (Jordao,
2023; Jordao et al., 2024a; Jordao and Cardoso, 2024).

The results of the technical studies of blades shows strong differences
among Iberian regions. In Southern Spain, the use of pressure and lever
pressure with sharp dihedron butts, in Central Portugal, the use of in-
direct percussion, with thick-facetted butts and in the Ebro Valley, the
use of pressure technique knapping, without a sharp dihedron butts,
along with indirect percussion, are all well attested (Morgado Rodriguez
et al., 2009; Morgado Rodriguez and Pelegrin, 2012; Pelegrin, 2006).
Although cultural distinctions may exist, there are no studies that link
technology to different raw materials, which would allow for a more
complex territorial approach and lead to a better definition of the role of
different types of rocks in defining knapping strategies.

1.2. Vila Nova de Sao Pedro

Vila Nova de Sao Pedro (VNSP - Azambuja, Portugal) is a fortified
Chalcolithic settlement of Portuguese Estremadura and arguably one of
the markers in the historiography of European prehistory, classified as a
National Monument since November 1971. The settlement itself had two
known sets of walls situated around the central redoubt, with robust
bastions and various internal structures (Diniz et al., 2022).

Discovered in 1936 and excavated between 1937 and 1967 by A.
Paco and E. Jalhay (Diniz et al., 2024), VNSP is situated on a hilltop that
lies in the Lower Tagus valley basin in a Miocene-Pontian limestone
area, over the valley of the Almoster riverine. It is an outstanding
case-study because possesses one of the largest and richest artefact as-
semblages of Copper Age Western Iberia (Fig. 1). This large collection
was recovered during 31 archaeological excavations, and the majority is
exposed and kept in the Carmo Archaeological Museum (Lisbon), where
there is a room dedicated to this archaeological site.

As part of a new research project — VNSP3000 — 30 years after the
last work was conducted at this site (Goncalves, 1987), excavations were
resumed at VNSP in 2017 with the goal of producing new data sets using
contemporary excavation techniques and multidisciplinary scientific
methodologies, as well as synthesizing data from old excavations
(Arnaud et al., 2017; Diniz et al., 2017; Martins et al., 2019; Neves et al.,
2024, 2022). The results obtained allowed the identification of pre-
served archaeological levels, thereby enabling, for the first time, the
association of archaeological materials, faunal remains, stone features,
structural realities (constructed, reinforced, dismantled, collapsed), and
other archaeological contexts. At the same time, the construction of the
first chronological framework for this emblematic site of the peninsular
Chalcolithic began. The absolute dating obtained for the different areas
of intervention frame the Chalcolithic occupation of VNSP between
2800 and 2100 BCE and indicate a brief occupation in the 2nd millen-
nium BCE (Neves et al., 2024).

This settlement played a core role as a production, consumption, and
redistribution centre during the third millennium BCE which explains
the very large concentration of pottery, flaked/polished stone tools,
bone and copper artefacts retrieved at the site. In the Carmo Archaeo-
logical Museum, there are finished pieces as well as fragments and work
in progress materials which show the workshop nature of the site. At
VNSP, artefacts production depended on local (e.g., flint, limestone,
clay) and non-local raw materials (e.g., copper, amphibolite).

2. Geological framework: Lusitanian Basin and Lower Tagus
Basin

The main sedimentary formations with siliceous rocks that outcrop
on the western Iberian margin are post-Palaeozoic (c. 250 Ma) (Fig. 2-
A), formed in two basin systems that succeeded each other over time
(Fig. 2- B): the oldest — the Lusitanian Basin (LB) —, whose sediments
were deposited on the Variscan basement throughout the Mesozoic,
forming a predominantly marine carbonate complex, with the occur-
rence of siliceous levels and nodules. More recently, from the beginning
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Fig. 1. Vila Nova de Sao Pedro (Photo: VNSP3000 project).

of the Cenozoic, the Tagus and Sado Basins (TSB), particularly in the
distal and intermediate sector of the Lower Tagus Basin, has undergone
diagenesis fed by sedimentary deposits eroded from the Hesperian
Massif (Palaeozoic) and the Portuguese Estremadura Limestone Massif
(Mesozoic) (Fig. 2- A/B). In Cenozoic lithostratigraphy, flint occurs in
carbonate formations of continental/lacustrine environments and in
detrital formations, in which we find siliceous elements inherited from
previous Mesozoic formations.

In Portuguese Estremadura, the Upper Cretaceous limestones are
representative of a large coastal carbonate platform in the Central Sector
of the Lusitanian Basin, which extended from Nazaré to Setiibal. On top
of these Cenomanian ‘limestones with rudists’, nodular to bedded flint
occur in the Bica Formation (Rey et al., 2006), outcropping in the Torres
Vedras, Sintra, Rio Maior and Lisboa regions (Jordao and Pimentel,
2021). At its most transgressive Cenomanian stage, this carbonate
platform is affected by tectonic movements, on the one hand related to
diapiric activity, and on the other hand by the reactivation of fracture
lines. These phenomena led to a differentiation into three palaeogeo-
graphic domains: in the Coimbra region, an open platform area; an inner
sector between Leiria and Ourém and between Leiria and Lisboa, a wide
reef complex of rudists. For each sector different siliceous microfacies
can be associated: the Northern Sector of the Lusitanian Basin shows a
flint formed in shallow, confined and low-salinity waters, receiving fine
continental terrigenous inputs during the Late Cenomanian. The Central
Sector, around the Torres Vedras area, seems to show that sedimentation
occurred in a restricted lagoonal/marine environment, with low energy
and shallow water depth. Finally, in the Southern Sector, between Sintra
and Lisboa, the bioclastic assemblages became more diverse, with
bivalve and gastropod fragments, suggesting sedimentation in a more
open, exposed and agitated marginal zone (Jordao and Pimentel, 2025).

After the Late Cretaceous, the Triassic extensional tectonic regime
was replaced by compressive phases due to collision between the African
and Eurasian plates, leading to the development of sedimentary basins,
generally orientated E-W to NE-SW. The Lower Tagus and Sado Basin
began to fill in the early Middle Eocene, and throughout the Paleogene,
under a subtropical to tropical climate (Pais, 1992). Sandy-
conglomeratic sediments were deposited in an endorheic regime with
carbonate intercalations, fed by the marginal reliefs of the Hesperian
Massif and the uplifted formations of LB.

The Monsanto Alloformation, with a single unit, the Monsanto
Sandstones, also called the “Benfica Formation”, is based on a discon-
tinuity over the Upper Cretaceous (Pais et al., 2012). The conglomeratic

levels are particularly rich in veined quartz elements, sometimes with a
smaller amount of quartzite and basic rocks, and limestone and flint
pebbles from the Mesozoic border, generally highly altered. North of
Lisbon, correlated with the “Benfica Complex”, the following stand out
in the Alenquer and Carregado region: the Chegancas and Casais Com-
plex, the Abrigada detrital complex in the Runa basin, the undifferen-
tiated Paleogene of Runa (Zbyszewski and Torre de Assuncao, 1965)
and, in the Nazaré-Cos area — the Montes Complex, “reddish conglom-
erates, sandstones and clays” (Zbyszewski et al., 1974) with remobilized
Cenomanian flint.

Throughout the Neogene period, the filling of the Lower Tejo Basin
(LTB), in addition to being conditioned by tectonics, also came to
depend on eustatic and climatic oscillations. The Miocene record con-
sists of the Almoster Alloformation: Ota Sandstones (Ar Ot), Tomar Clays
(essentially on the left margin) and, at the top, Almoster Limestones
(Barbosa 1995). This formation contains clasts of remobilized flint,
probably from the Bajocian, and from the Monsanto Sandstones, a
source of detrital nourishment (Barbosa, 1995; de Carvalho, 1968;
Jordao, 2023).

The Pleistocene was characterized by the incision phase of the cur-
rent river network, resulting from the response of the hydrographic
network to a relative drop in sea level, estimated at between 120-140 m
below the current level (Vis et al., 2008), and associated with a regional
uplift of the continent and climatic modifications with the generation of
both marine terraces and fluvial terraces, colluvial and alluvial deposits
(Cunha et al., 2005; Martins et al., 2017, 2010). These formations were
fed by the upstream lithostratigraphic deposits mentioned previously,
with particular emphasis on the Quaternary terraces in the Rio Maior
region, with remobilized elements from the Mesocenozoic (Jurassic,
Cretaceous, Paleogene and Miocene) and on the Tagus terraces, where
silicifications from the Middle Miocene and Paleogene of the Middle
Tagus Basin occur (Bustillo, 2010, 1984).

3. Material and methods

Between 2015 and 2023, after bibliographic and cartographic
consultation to look for geological formations with some sort of chert
content, detailed fieldwork was carried out to find the exact location of
the outcrops, framed in petroarchaeological studies at archaeological
sites located in the Portuguese Estremadura, corresponding grosso modo
to the Mesozoic Lusitanian Basin and Lower Tagus Basin (Jordao et al.,
2022; Jordao and Cardoso, 2024; Jordao and Pimentel, 2021). From
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2000) (Jordao 2023).

VNSP, local (5-10 km) and regional (+ 30 km) formations with flint
were identified, and both primary and secondary siliceous material were
sampled, whenever possible. The 136 geological samples, the central
reference for this study, were published (Jordao, 2023; Jordao and
Pimentel, 2023; Jordao and Cardoso, 2024). They are currently hosted
at the lithotheque of the Centre for Archaeology of School of Arts and
Humanities (University of Lisbon). Additionally, a new set of 12 samples
were collected (Jordao and Pimentel, 2025) to improve the correlation
between geological and archaeological materials: from Santa Quitéria
Formation (Pliocene), near Caxarias (Ourém), where the Neo-
Chalcolithic flintknapping workshop of Casas de Baixo is located
(Zilhao, 1994).

Finally, 2 samples were collected from Milanos Formation (Gran-
ada), in Subbetic Zone, and 6 samples from the Iberian Pyrite Belt (IPB).
The IPB samples collected in Rio Tinto region include cherts and felsic
volcanic rocks with rhyolitic-dacitic chemical composition, and can be
compared to equivalent rocks from the Portuguese IPB (Diez Montes
et al., 2020). The physical properties of these rock types, with high

contents of SiO?%, make them highly suitable as raw materials for
archaeological tool production.

Concerning the archaeological collection, the dispersion of the as-
semblages over several museums and research centres hinders the sys-
tematic approach to the archaeological materials; thus, at this stage the
VNSP3000 project is basically focusing on the artefacts kept at the
Carmo Archaeological Museum, which are still in the inventory phase,
so the total number is unknown. These finds are devoid of closed con-
texts and reliable associations or depositions; however, they do feature
minimum references that support their ascription to stratigraphic hori-
zons and provides approximate provenances.

A random sample of 423 blades housed in the museum storage was
selected. Only unretouched blades or those with marginal retouching
were considered. The artefacts made from blade were not included in
this study. A combined methodology of analysis of both techno-typology
traits and raw materials identification was performed. Techno-typology
analysis was based on typological criteria (Inizan et al., 1999) and
technological description based on the experimental knapping features
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(Pelegrin, 2002, 1988; Tixier, 1976) specially on knapping techniques,
crests, blades sections and variety of butt subtypes. To determine raw
materials the blades were observed under a stereomicroscope Leica
M205 C, with Leica camera and LAS-X software (magnification from
x0,64 to x504), and 18 of them were selected to thin section.

Both archaeological and geological polished thin sections were
observed and characterized using a Leica DM2700P microscope
(magnification from x40 to x100), with Leica camera and LAS-X soft-
ware. The general methodology for petroarchaeological characteriza-
tion follows the principles proposed by Paul Fernandes and his team
(Fernandes et al., 2024; Fernandes and Raynal, 2006) (Table 1 — Sup-
plementary files). The authors use the broad term “chert” for crystalline
siliceous sedimentary rocks, and “flint” specifically for siliceous nodules
from Cretaceous limestones, in accordance with the British Geological
Society (BGS) following journal’s policy (Hallsworth and Knox, 2020).

The “dark” non-chert blades and the non-sedimentary IPB geological
samples were analyzed using a handheld X-ray fluorescence (pXRF)
device (Hitachi X-MET8000 Expert Geo) to determine their main
geochemical signatures. The handheld XRF analyser incorporates an
optimized configuration, featuring a high-performance 50 kV X-ray tube
paired with a large-area silicon drift detector (SDD) enhanced by
BOOST™ technology. The instrument enables the measurement of a
wide range of chemical elements, including light elements and rare earth
elements (REEs). However, with an elemental detection range from Mg
to U, it cannot detect Na, which may pose limitations when determining
the overall chemical composition of igneous rocks. Measurements were
carried out using two analytical approaches: Mining Light Ele-
ments-Fundamental Parameters and Rare Earth Elements (REE). Data
acquisition was performed at two or three distinct points, with reading
times of 60 s for the former and 180 s for the latter. Equipment cali-
brations were conducted using international reference standards that
include both light elements and REEs, ensuring analytical accuracy and
reproducibility. Although measurements were obtained using the REE
method, this study focuses exclusively on the results for major elements,
as these provide the necessary basis for the chemical characterization of
the rocks.

Major element results were plotted and compared using K20 vs. SiOy
diagrams. The A. Ewart (1982) K;0-SiO5 diagram, a fundamental tool in
igneous petrology, classifies volcanic rocks—such as basalts, andesites,
dacites, and rhyolites—according to their potassium oxide and silica
contents. Plotting the samples on this diagram allows their chemical
compositions (potassium vs. silica) to be evaluated against established
compositional fields. The Total Alkali-Silica (TAS) diagram was not
applied in this study because sodium (Na) content was not measured by
PXRF.

4. Results
4.1. Blades techno-typology

The siliceous blades are one of the most impressive group of artefacts
recovered at VNSP. The sample of 423 blades inventoried in this study
forms part of that collection which greatly exceeds the quantities of such
artefacts recorded in similar settlements in the Portuguese Estremadura.
As with related studied sites — Zambujal (Jordao, 2023), Penedo do
Lexim (Sousa, 2010) — only a small proportion of the blades (8%) are
complete, while a further 10% are nearly complete with a fragmented
tip, highlighting those in the mesial and proximal states (Fig. 3).

In the techno-typological characterisation, we selected the width and
thickness parameters to detect differences between the raw materials
and the degree of standardisation. This is because more than 90% of the
set was fragmented, and the proximal fragments containing the butt
information were heavily affected by retouching, although this was
mostly simple edge retouching.

Most blades have standardised regular edges (60%). Sometimes
these are convergent (24%), and less frequently, they are irregular (9%)
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(Fig. 4a). The blades are in an advanced stage of debitage, as shown by
the majority of trapezoidal cross sections (Fig. 4b). A triangular cross-
section is also present (36%). Therefore, the number of blades con-
taining cortex is reduced (11%).

In 33% of complete or proximal blades, only where the proximal part
is not affected by retouch, it was possible to observe mainly both plain
and punctiform butts (38% and 28% respectively), followed by facetted
(23%). These butt subtypes indicate the technical features observed in
the blades manufactured in Central Portugal — indirect percussion,
thick-facetted butts (Morgado Rodriguez et al., 2009; Pelegrin, 2006) or
punctual. Facetted butts are most characteristic in blades from the Casas
de Baixo workshop (Fig. 4c and Fig. 5, left). Although, dihedral repre-
sent a small percentage of butts (7%) (Fig. 4c; Fig. 5, right), suggesting a
platform preparation with copper-tipped pressure tools as the author
observed previously in Greece during Late Neolithic (early 5th millen-
nium BC) (Perles, 1984), Pakistan in the Chalcolithic period (late 5th
millenium BCE) (Inizan et al., 1994; Inizan and Lechevallier, 1991) and
Canaanean flint blade in the Levant (Chabot, 2002; Chabot and Pelegrin,
2012), this new knapping production element, namely, a metallic
pressure point (copper) for blades’ debitage, is also characteristic of
Southern Spain (Pelegrin and Morgado Rodriguez, 2007).

The maximum widths are distributed between 13.5 mm and 36 mm,
but they are concentrated between the 18-22 mm dimensional class,
above the needed value for manufacture of lever pressure (Morgado
Rodriguez and Pelegrin, 2012). Thicknesses, ranging from 2.7 mm to
14.9 mm, are concentrated between 4 mm and 10 mm. Although wider
(and probably longer) products are thicker, there is no proportional
increase in width, with a weak R? Pearson correlation of 0.2 (Fig. 6aand
Fig. 6b).
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VNSP-MAC-88

2 cm

Fig. 5. An example of the most characteristic blade technology is the Caxarias flint (left), which has regular edges, a triangular cross-section and a faceted butt with a
clear bulb, obtained by indirect percussion. In contrast, the regular edges, trapezoidal cross-section and dihedral butt with a smooth bulb result from pressure

technique (right).
4.2. Blades petrography

The 423 samples from VNSP were macroscopically described and the
textural features and micropalaeontological content were defined
through stereoscope microscope. Then, 18 thin sections were prepared,
and petrographic analyses were performed from blades according to
their different features previously observed. Below we describe the main
features of the blade’s sedimentary raw material at three scales:

i. six main types of siliceous raw material were identified, mostly
cherts. The most significant group contains marine flint from the
Lusitanian Basin (72%), from brown to reddish and grey col-
oured, semi-translucent to opaque, mudstone texture, sometimes
with visible bioclasts (Table 1 — Supplementary files).

ii. in smaller percentage the oolitic variety of chert (15%), very
homogeneous in colour — beige to light grey — with rough and
opaque surfaces, sometimes exhibiting porosity.

iii. iii — followed by the igneous fine-grained rocks (7%) and an
almost insignificant amount of other sedimentary rocks like
sandstone and limestone.

iv. lastly, a small quantity of rocks with some degree of uncertainty
in their classification, notably due to poor visibility of surfaces
(burned or coverage with concretions) (4%) (Fig. 7).

The combined observation with stereo and petrographic microscope
(thin section) allowed us to confirm and to detail the macroscopic dif-
ferences between cherts, particularly among Mesozoic flint: a set of
samples named Group 1, shows microcrystalline quartz with some ma-
rine bioclasts filled with macrocrystalline quartz (e.g., Bivalvia,
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Fig. 7. Flint types from Lusitanian Basin: Oxfordian (J3-LB); Lusitanian Basin
Cenomanian (C3-LB); Rio Maior Type Cenomanian flint (RM-2); uncertain Rio
Maior Type (RM-1/2); Caxarias flint (Caxarias); Cenomanian Bica Formation
and Uncertain type.

Foraminifera), with very altered muscovite (Fig. 9A). Although it is still
poorly characterized as RM-2 type (Jordao et al., 2024b), it is probably
correlated with Cenomanian shallow marine flint outcropping in sec-
ondary deposition at Arenitos de Ota Formation in Rio Maior, close to
VNSP (Fig. 9B). This type is one of the main raw materials used in 28% of
VNSP's blades (Fig. 8).

The Cenomanian flints from Portuguese Estremadura are texturally
and mineralogically very similar. Their mudstone microcrystalline tex-
tures with very poor palaeontological content cannot be clearly distin-
guished. In addition, some characteristics have been noted in a few

Flint types from Lusitanian Basin

2%

&

BJ3-LB B RM-1/Caxarias OC3-LB BERM-2

BRM-1/2 m Caxarias B Bica Formation O Uncertain

Fig. 8. Main types of siliceous raw material from VNSP’s blades: flint (green),
chert facies oolitic (purple), fine grained igneous rock (black), sandstone (yel-
low), limestone (red) and uncertain (grey).

samples (1%, Fig. 5): mostly wackestone, with some different bioclasts,
as Foraminifera types, which allows us to distinguish another type, the
Group 2 with correlation with the Cenomanian flint from Bica Forma-
tion (Lisboa) (represented in Fig. 10A, by VNSP-MAC-28 sample and
Fig. 10B, by RS-15 sample).

Another type was observed — Group 3 - characterized by greater
bioclast diversity typical from shallow marine to lagoon facies. Some
samples presented a heterogeneous structure (Fig. 7A), similar to
Oxfordian flint from Cabagos Formation (J3-LB, Fig. 8) (Fig. 10B).
However, in 17% of the blades the classification assignment between the
Oxfordian flint from secondary deposition variety from Rio Maior (RM-
1, Jordao, 2023) and the flint from Caxarias — was not conclusive. Both
are from secondary deposits and exhibit allochems associated to
lagoonal facies (e.g., algae). On the other hand, even genetically
different flints outcropping in the same detrital formation may looked
very distinct without a microscopic observation.

Another set of blades were distinguished with predominantly opaque
to semitranslucent surfaces, iron oxides and micrite aggregates. In thin
section, the main mud- to wackestone textures, containing uncertain
fragments of bioclasts, phytoclasts (fragments of vegetal tissues and
carbonaceous material) peloids and detrital allochems, as muscovite
(Fig. 11A and Fig. 11C). The Group 4 correspond to 29% of the blades set
and is associated to marine confined to lagoonal facies, present into the
Northern Sector Cenomanian of the Lusitanian Basin, where the Casas de
Baixo (Caxarias) flint workshop (Zilhao, 1994) is located. The “Caxarias
flint” (Aubry, 2009; Jordao, 2023; Jordao and Pimentel, 2025) is
outcropping in a secondary Pliocene formation, approximately 100 km
from VNSP (Fig. 11B and Fig. 11D).

Concerning oolitic facies — Group 5 —, its occurrence was observed in
approximately 15% of siliceous raw material (Fig. 7). Macroscopically,
the VNSP’s oolitic blades are very homogeneous in colour — beige to
light grey — with rough and opaque surfaces, sometimes exhibiting
porosity. In thin section, the structure is micro- to mesocrystalline,
related to the original micrite and sparite in the host limestone, partially
preserved in both samples VNSP-MAC-92 and VNSP-MAC-96 (Fig. 12 —
5a).

The samples have a grainstone oolitic texture, suggesting a shallow-
marine environment, where grains are kept in constant motion (Scholle
and Ulmer-Scholle, 2003, p. 228). Although they may be associated to
different microfacies:

5a) with a silicified matrix composed of micro- to mesoquartz and
some fibrous quartz, and allochems frequently carbonated, containing
oolites (up to 0.8 mm), other coated grains, bioclasts (echinoid spines,
bivalves, foraminifers) (Fig. 12-5a). This variety could be correlated
with oolitic facies from the Milanos Formation (Granada), recently
sampled by our team (Fig. 12, Mil_2), where important chert mining and
blades workshops, such Los Gallumbares, are located (Morgado Rodri-
guez et al., 2011) (Fig. 16).
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Group 1 - Marine mudstone facies
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Fig. 9. A: Archaeological samples of shallow marine siliceous microfacies - VNSP-MAC-105 and VNSP-MAC-113 reddish flint, both showing bioclasts; in thin section,
with quartz micro- to cryptocrystalline structure, mudstone texture with bivalves' fragments and Foraminifera Textularidae highlighted. B: Samples from Arenitos de
Ota Formation (Rio Maior) — QF_A56 and Ped_1, the first one showing bioclasts; in thin section, with quartz micro- to cryptocrystalline structure, mudstone texture
with bivalve fragment filled with macrocrystalline quartz (QzM) and muscovite (Mic) (Cross Polarized Light — CPL / Plane Polarized Light — PPL).

5b) almost completely silicified, including the cortical layer of ooids,
with a matrix with micro- to mesoquartz and some fibrous quartz. The
allochems are mainly homometric oolites (up to 0.2 mm). This high
weathered texture shows secondary porosity by dissolution. There is
evidence of fissures filled with chalcedony and ferruginous aggregates
surrounding oolites (Fig. 12 — 5b).This facies is characteristic of the
oolitic chert from the Malaver Formation (Ronda, Malaga), which has
several mining sites (Morgado Rodriguez and Lozano, 2011) (Fig. 16).

Some flint artefacts could not be assigned a more exact provenance
due to several factors hindering their identification, such as alterations
(e.g. fire, white patinas), which result in micro-fissures, colour changes,
and porosity. Other factors include the difficulty of identifying
discriminant criteria, or the absence of such factors. Therefore, in 12% of
the blades the raw material could only be associated to mudstone marine
flint, frequent in the Lusitanian Basin Cenomanian. In a small fraction of
the blades (5%), it was not possible to recognise a texture that could be
associated with a formation environment.

4.3. XRF-p analysis

In an attempt to determine the composition of the 7% dark non-
sedimentary blades, portable X-ray fluorescence (pXRF) analysis was
performed and results were compared with a small group of geological
samples.

The dominant elements (Wt% > 10%) for both groups are SiOy
(46.6-91.6%), Al,03 (0.3-17.2%), CaO (0.2-22.8%), and kyO
(0.0-11.0%). To support sample classification, the results were dis-
played graphically. Both geological and archaeological samples were
plotted on the A. Ewart KoO vs. SiO5 graph (Ewart, 1982).

The results of pXRF analysis on the geological samples allowed to

conclude on their volcanic signature, mainly represented within the
rhyolitic-dacitic composition fields (Fig. 10). Although samples Geo_2
and Geo_3 are not plotted in the graph, due to their high values of kyO
(8,21%) and SiO, (80,44%) respectively, microscope observations
confirm rhyolitic affinity. Sample Geo_4 represents a distinct lithology,
as it was collected from a quartzite formation.

The results also show that there are clearly rhyolitic-dacitic blades
among the collection of the 7% dark non-sedimentary blades (Fig. 13):
(VNSP-MAC -) 2, 3,5, 7,8, 14,17, 19, 20, 40, 103, 592.

The figure also shows four archaeological samples plotted in the low-
K basalt area but eye and microscope observations are only consistent
with a classification as volcanic rocks: (VNSP-MAC —) 9, 12, 33 and 387.
This highlights the need for a complete chemical analysis supported by
thin-section microscopy.

pXRF is a very convenient analytical technique as it is non-
destructive and enables rapid chemical characterization of a wide
range of materials. However, the equipment employed demonstrates
restricted sensitivity to light elements such as sodium, representing a
significant analytical limitation to the accurate determination of the
complete chemical composition of rocks.

The preliminary results obtainable for the ‘dark’ non-chert blades
represent only the initial phase of this study. Subsequent research will
incorporate a larger set of geological samples and petrographic char-
acterization through thin-section microscopy to contribute to the iden-
tification of these blades.
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Fig. 10. A: Archaeological sample of marine wackestone siliceous microfacies — VNSP-MAC-28 showing diverse bioclasts included Foraminifera; Archaeological
samples of shallow marine / lagoonal siliceous microfacies — VNSP MAC-162 and VNSP-MAC-443 with bioclasts with a gastropod highlighted. B: RS-15 — sample
from Bica Formation (Cenomanian, Lisboa) showing diverse bioclasts; CV-108 / CV-107 — samples from Cabagos Formation (Oxfordian, Porto de M6s) with similar
bioclasts to those identified in the archaeological sample VNSP-MAC-443, with a labelled gastropod; in thin section, with quartz micro- to mesocrystalline structure,
mud-wackestone texture with charophyte algae highlighted filled with chalcedony (Cross Polarized Light — CPL / Plane Polarized Light — PPL).

5. Discussion
5.1. Provenance of Vila Nova de Sao Pedro’s blades

The combination of petrography, geochemical and techno-typology
results of VNSP’s blades have allowed us to distinguish six siliceous
raw material groups of archaeological microfacies, that can be identified
based on particular characteristics.

Flint blades are by far the most common at Portuguese Estremadura
Chalcolithic sites (Jordao, 2023; Jordao and Cardoso, 2024), as at VNSP
where they reach 70%. Mostly Cenomanian flint, they are texturally and
mineralogically very similar, and some samples could not be charac-
terised in detail (12% of C3-LB samples, Fig. 5). The technological fea-
tures are also very similar among these blades. The width measurements
of those flint blades have a wider spectrum than the other main types,
between 13,5-30 mm, with two important dimensional classes between
14-22 mm (Fig. 14; Fig. 15 — Other Lusitanian Basin flint). We also
noticed that above the 25 mm width these flint blades have an irregular
shape.

The most significant fraction of LB flint is the Caxarias flint-type,
available in the Santa Quitéria Formation in secondary position, next
to the Casas de Baixo workshop. The 31% of the elongated products
knapped with this rock are more homogeneous in width, ranging from

16 to 20 mm. (Fig. 15). The blades less than 24 mm wide, with faceted or
plain butts, produced by indirect percussion are indicative of a tech-
nological tradition, which has been associated with Portuguese Estre-
madura production contexts (Jordao and Pimentel, 2025; Morgado
Rodriguez et al., 2009; Morgado Rodriguez and Pelegrin, 2012). The
number of blades made from this type of flint may be even higher if we
include the 18% of samples which it was not possible to distinguish
between Cenomanian marine flint from Rio Maior and Caxarias.

The petrographic analysis enables us to distinguish other LB flint
types. Approximately 30% of this flint occurs in secondary position in
detrital Miocene and Pleistocene formations up to 15 km away from the
site, in the vicinity of Rio Maior. Several production contexts for bifacial
flaked stone artefacts have been identified in the Rio Maior region since
the Palaeolithic (Bicho, 1992; Forenbaher, 1999, 1998; Shokler, 2002;
Zilhao, 1997). However, although there are currently no records of
blade workshops in the region, it is likely that they were produced in
specialised workshops and then transported to the settlement. One of the
specific features of the set lies in the fact that the few cortical or semi-
cortical blades were configured from locally sourced Rio Maior flint.

This leads us to believe that perhaps the flint cores were not left
behind, but transported to be used in future products and tools. This
hypothesis should be cross-referenced in the future with evidence
related to the types of support versus types of flint used in the lithic
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Fig. 11. A: Archaeological samples of marine confined to lagoonal siliceous microfacies — VNSP-MAC-108 rose and VNSP-MAC-106 reddish flint, the first one
showing bioclasts and phytoclasts, in both observed in thin section, with quartz microstructure, mudstone texture with fragments of vegetal tissues and carbonaceous
material. B: Samples from St. Quitéria Formation (Caxarias) near Casas de Baixo workshop — CB_A9, CB_A10 and CB_A3, all showing phytoclasts fragments as can be
observed in thin section as. C: Archaeological samples of marine confined to lagoonal siliceous microfacies — VNSP-MAC-110 reddish and VNSP-MAC-106 reddish
grey flint, the first one showing sponge spicules, and charophyte algae in thin section; the other, present muscovite fragments in the matrix. D: Samples from St.
Quitéria Formation (Caxarias) near Casas de Baixo workshop — CB_21 reddish and CB-8-A103 rosed flint, with non-carbonated cortex, showing fragments of fer-
1;uginous bioclasts; in thin section, mineroclasts of muscovite and calcite can be observed (Cross Polarized Light — CPL / Plane Polarized Light — PPL).

Group 5 - Oolitic chert
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Fig. 12. Group 5a: Archaeological samples of oolitic chert facies Milanos — VNSP-MAC-93 blade with several allochems, such bivalve’s and echinoid’s fragments and
VNSP-MAC-94, partially silicified, with the same texture. The rounded layers of oolits are clearly in VNSP-MAC-96 sample. Samples from Milanos Formation
correlated with VNSP’s are highlighted in light purple. B: Group 5b: Archaeological samples of oolitic chert facies Malaver — VNSP MAC-97 blade with homometric
oolits; in thin section with ferruginous aggregates around oolits; in VNSP-MAC-64 it can be observed fissure filled with chalcedony (Cross Polarized Light — CPL /
Plane Polarized Light — PPL).

industries of the Chalcolithic settlements in the region. Despite this, younger phase, spanning the end of the 3rd millennium to the first half
blades from Caxarias stand out from those produced with other types of of the 2nd millennium BCE. It seems that there is no association between
flint (most of which come from Rio Maior) due to their more stand- standardisation and a more recent chronology in Extremadura contexts.
ardised characteristics (parallel edges, dimensions, cutting technique), What distinguishes VNSP from other consumption sites in the west-
which are systematically present in Chalcolithic sites in Estremadura. ern Iberian Peninsula is the abundance of extra-regional blades, mostly

Concerning the oolitic chert blades, they have a similar spectrum oolitic chert blades. While these account for approximately 1% of the

with slightly higher values than those of the previous groups, above 16 blades at Zambujal (Jordao et al., 2024a) and Leceia (Jordao and Car-
mm, with the most important dimensional width classes between 18 and doso, 2024), they constitute 15% of the total at VNSP. The technological

30 mm. The values available for Zambujal are identical: their maximum characteristics of these super tracer flint blades (Tarrino Vinagre et al.,
width and thickness varies between 16-32 mm (Jordao et al., 2024a, p. 2016), such as widths greater than 24-26 mm and the sharp butt dihe-
6). Studies on blade morphometry concluded that production was not dral preparation technique, suggest an association with the southern
very standardised in the 4th millennium, whereas in the 3rd millennium, part of the Iberian Peninsula (Morgado Rodriguez et al., 2009).

production became more normalised (Nocete et al., 2005). Regarding The igneous (7%) blades have identical technological features. Their

the chronology of Zambujal's oolitic blades, most of them date from the likely provenance from the Iberian Pyrite Belt (Garcia Sanjuan et al.,

11
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Fig. 14. Thickness and width of VNSP blades by main raw material types: flint
(green), oolitic chert (purple), igneous (grey) and sandstone (yellow).

2016; Morgado Rodriguez et al., 2009) where knapping workshops are
located (Linares et al., 1998; Vallespi Perez et al., 1988) place these
artefacts in the same circulation corridors as the oolitic chert blades.
Adding up all the blades from long distance regions, including those
made of siliceous sandstone, it is observed that 22% of the sample be-
longs to the “import package” from the south-west of the Iberian
Peninsula.

5.2. Petroarchaeological proxies and human mobility in SW of Iberia

In VNSP’s blades flint was the most frequently used raw material.
There are two main areas where the flint comes from: Group 1 type from
Rio Maior, close to the site, and Group 4 type from Caxarias, about 90
km to the north, both in Cenozoic conglomerates, in secondary position.
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Fig. 15. Width histogram by main raw materials groups: Caxarias flint (dark
green); Other Lusitanian Basin flint (light green); oolitic chert (purple);
Igneous (black).

Clasts between 5 and 20 cm length of “Caxarias flint” were explored
for blades as can be documented at the specialized workshop of Casas de
Baixo (Caxarias) (Aubry, 2009; Jordao and Pimentel, 2025). This type of
flint, which is associated with blades that are mostly between 18 and 22
mm wide and was produced using an indirect percussion technique, that
was systematically recognised at studied Chalcolithic sites in the Estre-
madura region, such as Zambujal (Jordao, 2023), Sao Mamede (Jordao,
2024), Leceia (Jordao and Cardoso, 2024), and Outeiro Redondo
(Jordao and Cardoso, forthcoming) (Fig. 16). These data confirms that
this type of flint is a reliable marker of territorial mobility. Studies we
have been conducting as part of the MOBlades project indicate that these
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Fig. 16. Local and regional Mesocenozoic formations as main source-areas of VNSP53 s blades raw material, on a simplified geological map (on the left): Group 1 —
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Mamede; 2 — Zambujal; 3 — Leceia; 4 — Outeiro Redondo; 5 — Perdigoes. Blades’ workshops (black stars).

blades are also present in Alentejo and Andalucia (in preparation by the
authors), suggesting that it is probably an excellent lithological marker.

The other main type is the Cenomanian marine facies collected in the
detrital formations of the Rio Maior source area, from Palaeogene to
Pleistocene, close to VNSP (Fig. 16). This flint was explored as raw
material for the general tools at the site (Jordao et al., 2024b). There-
fore, the fact that VNSP was a consumer of local flint allows us to assign
a different value to typologically identical artefacts made from non-local
raw materials. It should be noted, however, that it was not possible to
clearly distinguish between Caxarias and the Cenomanian flint from Rio
Maior (RM-2) in 13% of the blades. Consequently, there may be more
Caxarias blades than previously thought, which highlights the impor-
tance of the supply from this specialised site (Fig. 16).

With regard to Lisbon flint, this has so far been residual in the VNSP's
universe of lithic artefacts. Previously, flint from the Bica Formation, a
regional tracer, had been identified in finished tools, such as bifacial
flaked stones and arrowheads, indicating integration into regional net-
works. (Jordao et al., 2024b).

The exceptional character of VNSP focuses on the role it seems to
have played in the network of relations between the sites of the west-
ernmost part of the Iberian Peninsula and the flow of materials that
would have circulated from what is now Andalucia.

This ‘import package’ of large blades — oolitic chert beige and
igneous “dark” — did not stem from the necessity to compensate for local
shortages of certain raw materials or artefactual typologies. A consid-
erable number of elongated products were indeed obtained from local
and regional outcrops in VNSP. Hence, the practices of acquiring and
using exogenous blades seem to have had a more cultural and social
function than a pragmatic one. Non-economic justifications for the
presence of foreign lithic raw materials are common for other European
sites. For example, the choice of basalt artefacts related to early agrarian
cultures (Neolithic and Bronze Age) in Central Poland (Bartz et al.,
2024) — which exploit local flint of good quality — may have been caused
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not only by the exceptional physical properties of the material, but also
by its unique aesthetic qualities (Werra et al., 2024).

Colour as a means of attributing different meanings to similar objects
has been detected in various contexts in recent prehistory, especially in
construction elements. The Preseli dolerites and the Stonehenge 'blue-
stones' are perhaps the most famous examples (Thomas, 1923), with a
wide range of meanings attributed to them (e.g. Bevins et al., 2021). In
Perdigoes Tomb 4 (Portugal), built with gabbro blocks, a single block of
dark grey diorite stands out, creating a chromatic contrast with the beige
gabbro, aligned with the north cardinal point (Valera, 2020). In this
sense, perhaps black blades and beige blades, which are functionally
similar, may have some difference in meaning highlighted by their
colour.

In any case, with no answer yet, the issue of widely distributed
peninsular blades takes on other dimensions. This is because there is a
convergence of characteristics that do not fit into the classic supply of
raw materials: a) they are not chosen for the quality of the raw material
itself but for their size — they are large (as can be seen from their widths
of over 22 mm) — a size provided by the characteristics of the raw
material; b) they are not exclusive to certain contexts — they are present
in funerary and non-funerary contexts; c) they are widely reused with
the edges profusely retouched (especially in oolitic chert). These arte-
facts, configured using specialised technology and highly functional,
were present in small quantities in the settlements, but important
enough to be included in votive offerings in funerary contexts. They are
present in several necropolises from south-eastern Iberia to Algarve
(Nocete et al., 2005), usually better preserved and not retouched.

The systematic presence of these finished and standardised artefacts
suggests the existence of a supra-regional circulation (Morgado Rodri-
guez et al., 2009, 2008; Nocete et al., 2005) up to 500 km — which clearly
cannot be interpreted as direct supply. This long-distance mobility
involved a complex network of contacts in whose dynamics the large
aggregation centres would have played an important role during the
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Chalcolithic. The archaeological site of Perdigoes (e.g. Lago et al., 1998;
Valera et al., 2000) has been interpreted as an important aggregation
and redistribution centre (Valera et al. 2020) where goods arrived and
underlying networks played as a “ResourceComplex” (Bartelheim &
Bueno Ramirez 2017). Located approximately 200 km from VNSP,
Perdigoes stands out among the Chalcolithic sites of southwestern
Portugal due to the diversity and quantity of exogenous artefacts asso-
ciated with its multiple contexts (Valera, 2017). In VNSP, the significant
consumption of blades from long distances indicates a need that goes
beyond its own, suggesting an aggregating/redistributing role for the
sites in Extremadura.

6. Conclusions

In this study we presented the first preliminary results on raw ma-
terial sourcing and circulation networks of the chalcolithic blades during
the Copper age of the SW of the Iberian Peninsula, based on those
recovered in Vila Nova de Sao Pedro settlement, in Portuguese
Estremadura.

The study of the blades’ assemblage has combined the characteri-
sation of the raw materials, applied to types of flint and igneous rocks,
the debitage techniques and the typological patterns. The reference
collection of the University of Lisbon lithotheque, as well as new samples
from the Santa Quitéria and the Milanos formations (Ourém and Gran-
ada, respectively), were used to correlate the archaeological material
with a high degree of probability.

Macroscopic and petrographic characterisation (thin sections) of
VNSP’s blades has enabled identification of five main chert types, with
good correlation with the geological reference: Group 1) marine
mudstone facies, associated to Rio Maior-2 type (RM-2), in secondary
Cenozoic formations of Rio Maior; Group 2) marine wackestone facies,
associated to Bica Formation (Cenomanian), near Lisboa; Group 3)
Shallow marine/lagoonal facies, associated to Cabacos Formation
(Oxfordian), also available in detrital Cenozoic formations of Rio Maior;
Group 4) marine confined to lagoonal facies, correlated with Caxarias
flint; Group 5) oolitic facies, correlated with the Milanos Formation
(Upper Kimmeridgian-Tithonian), from Granada, and the Malaver For-
mation (secondary Miocene conglomerates), from Ronda.

Additionally, samples of cherts and felsic volcanic rocks from Iberian
Pyrite Belt were also collected for comparison with the fraction of “dark
non-sedimentary blades”. The preliminary results of X-ray fluorescence
(pXRF) obtained for these show that there are clearly rhyolitic-dacitic
rocks, similar to some samples from IPB. However, a few results were
not conclusive and this time, the analysed archaeological and geological
material cannot clearly be differentiated. Thus, subsequent geochemical
studies must incorporate a larger set of geological samples and petro-
graphic characterization through thin-section microscopy in order to
determine whether it is possible to address a direct relationship between
the archaeological samples and a specific geological unit.

The main conclusions that can be reached through the results of
these petroarchaeological approaches are: 1) the continued exploitation
of Rio Maior flint, a local raw material, for blades. These would appar-
ently have been extracted near the source area, since we do not have the
respective cores; 2) however, there is a clear preference for Caxarias flint
blades — a lithological tracer type of flint with regional value — which
also occurs systematically in other settlements in Estremadura.; 3) VNSP
seems to play a key role within the complex mobility networks of large
blades, whether made of chert (from the Subbetic zone) or non-
sedimentary “dark rocks” — a super tracer lithological types —, estab-
lishing itself as an aggregation site, perhaps a distributor of these arte-
facts to the Southwest of the Iberian peninsula.

It will be important to compare and complement the results and
conclusions of this study with the studies we are conducting on blades
from various contexts in Perdigoes, a site located in Alentejo, with a
different geological framework, which has been interpreted as a large
aggregation centre in large-scale interaction networks.
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Finally, as a line for future complementary research, we also intend
to analyse use-wear traces on the blades from different archaeological
contexts, to explore the functionality of these artefacts, the craft activ-
ities, broader economic practices and potential sociocultural meanings.
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