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Vale Pincel I is one of the most relevant sites for the study of the Neolithic transition in the Southwest
Portuguese Coast. Despite that, the acidity of sediments prevented the conservation of the botanical
and faunal materials at the site, limiting its interpretation. In this work, we present the results of the
traceological analysis of the Vale Pincel I flaked stone assemblage; our objective is to advance a first
reconstruction of the site economy on the basis of the working process observed by the microscopic
observation of a sample of lithic tools. The results indicate that at Vale Pincel I crop-harvesting activities
covered a primary role, suggesting an early onset of agricultural practices in Southwestern Portugal.
Moreover, a variety of different production tasks have been detected, pointing toward the existence of
a mixed type of economy in which farming interplayed with foraging and crafting practices.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

The early Neolithic in Portugal had been defined for the first
time by Guilaine and Ferreira (1970). Based on the revision of
archaeological materials from several surface collections and from
previous cave excavations, these authors proposed the existence of
a Cardial Culture in Portugal. In their interpretation, the so-called
‘Neolithic package’ would have been diffused over the Mediter-
ranean and Atlantic Iberian coast to the Mondego River Basin.
Following the Franco-Iberian typological evolution, after an early
Cardial phase, Portuguese Neolithic would have evolved to an
Epicardial stage.

Such evolution was called into question when the open-air site
of Vale Pincel I was discovered, at the close of the seventies (Soares
and Tavares da Silva, 1979; Tavares da Silva and Soares, 1981,
1982, 1987); the ceramic recovered from Vale Pincel I appeared,
indeed, incompatible with a similar periodization. Pottery decora-
tion was closer to the impressa ceramic complexes, while cardial
decorations represented only a small percentage of the assem-
blage. At the time, impressa assemblages were still largely
unknown in the north-western Mediterranean; however, during
recent years impressa pottery has been discovered in southern
France, with chronologies between ca. 5700 and 5600 cal BC
(Guilaine et al., 2007; Guilaine, 2015), and in the Valencian region,
around 5600–5500 cal BC (Bernabeu et al., 2009; García-Atiénzar,
2010). The occurrence of pre-Cardial assemblages has been sug-
gested also for the controversial site of Verdelpino, in the interior
of the Iberian Peninsula, in the upper Júcar valley (Rasilla et al.,
1996) and, more recently, a pre-Cardial early Neolithic with
impressed and almagra pottery has been postulated for Andalusia
at Cueva de Nerja (García Borja et al., 2010). Some of those sites are
still debated since the archaeological evidence is still scarce and, in
many cases, very doubtful; however, all these data seem to impli-
cate that the ‘cardial model’ and its variations are no longer cap-
able of explaining the geographical and chronological variability
of the Western Mediterranean Neolithic. A less distinct boundary
between ‘migrationist’ and ‘indigenist’ perspectives have been
gradually accepted; the idea that both multiple incoming farmers
and indigenous hunter-gatherers contributed to and, at the same
time, were affected by complex processes of transformation is
gaining ground.

In this context, Vale Pincel I could represent one of the key-sites
for the understanding the Neolithization process in Portugal, not
only for its pottery assemblage and for its early chronology, but
for a larger set of evidences and arguments associated with the
Neolithic economic and technological package. Until now, the poor
conservation of the faunal materials and of the archaeobotanical
remains – which is a common situation across Portuguese open-
air sites – represented the main limit for the Vale Pincel’s
interpretation and for the settlement and subsistence strategies
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reconstruction. Despite that, Vale Pincel I extensive excavations
produced a very rich lithic record, composed of both macrolithic
and flaked stone assemblages. Until now, only a preliminary
description of the lithic remains has been published (Tavares da
Silva and Soares, 1981; Soares and Tavares da Silva, 2003). This
paper aims to provide a more detailed overview of the lithic record
and, more specifically, to explore the techno-economic features of
the flaked stone industry. Indeed, the microscopic analysis of the
use-wear traces allows investigating the subsistence and produc-
tive activities in which lithic tools were used, thereby providing
an indirect proof of the resources exploited at the site, partially
compensating the lack of organic materials. The main focus of this
study is to assess the extent in which agricultural activities were
integrated in the local economic system and, thus, determine
whether or not lithic tools were used for the harvesting of crops.

2. Materials and methods

2.1. Archaeological context

The site of Vale Pincel I is located on a vast sandy platform, at
the base of the southern slope of the igneous massif of Chãos (Sines
Fig. 1. Geographical framework of the Vale Pincel I site, in the Southwest
Portuguese Coast. Early Neolithic sites (middle of the VI millennium cal BC): 1 – Vale
Pincel I (Sines); 2 – Praia da Oliveirinha (Sines); 3 – Samouqueira II (Porto Covo);
4 – Água da Moita (Odemira); 5 – Medo Tojeiro (Odemira); 6 – Castelejo (Vila do Bispo);
7 – Cabranosa (Vila do Bispo); 8 – Padrão (Vila do Bispo). Early evolved Neolithic
sites (last quarter of the Sixth/middle of the Fifth millennium cal BC): 9 – Salema
(Santiago do Cacém); 10 – Brejo Redondo (Sines); 11 – Vale Marim II (Sines);
12 – Vale Vistoso (Porto Covo); 13 – Galés (Odemira); 14 – Vale Santo I (Vila do Bispo).
Municipality), facing the Atlantic shore (Figs. 1 and 2). With an area
of about 10 hectares, it is probably one of the largest early Neo-
lithic sites excavated in the Iberian Western coast. Over such sur-
face, the occupation is organized into several separated areas,
approximately separated from each other by a dozen meters
(Fig. 4(a)). The base of the archaeological sequence (U.S. C2B) is a
well preserved 15/20 cm-thick layer, which contains a high density
of domestic structures (Fig. 4(b)), fire-cracked pebble stones, cera-
mic (Fig. 5) and lithic artefacts, as well as the remains of a few pos-
sible grave structures.

The geographical position of Vale Pincel I site is extremely
meaningful in the context of a major economic shift at the begin-
ning of the Neolithic period in Southwest Portugal. After the aban-
donment of the large late Mesolithic site of Vale Marim I (Tavares
da Silva and Soares, 1981), the habitat of Vale Pincel I is formed
about 2 km north. With respect to Vale Marim I, Vale Pincel I main-
tains the easy access to the coastal and marine resources, adding a
tight control over the more fertile soils of the actual Municipality of
Sines (Tavares da Silva and Soares, 1984).

The material culture of Vale Pincel I shows a coarse-ware with
impressed and plastic-decoration; cardial motives are very scarce.
Polished and grinding stone tools were also recovered. The
knapped stone tool assemblage is dominated by a bladelet pro-
duction; typologically, it must be noted the presence of notched
tools and microlithic abrupt-retouched segments; pre-heating
treatment of chert materials for debitage purposes had been
used.

Because of the acidity of the sediments, organic materials are
scarcely preserved. Although, during the rescue excavations that
took place in 1986 and 2000, charcoal samples were retrieved from
several fireplaces (Table 1) (Soares and Tavares da Silva, 2003). The
anthracological analysis carried out by Ernestina Badal suggests a
more forested landscape than today, with pine woods (Pinus sp.;
Pinus pinea) around the site and a mixed forest in the hinterland
valleys, mainly characterized by the following arboreal taxa: Quer-
cus sp. perenifolio; Quercus suber, Olea europaea, v. sylvestris; sev-
eral bushes had also been identified, such as Arbutus unedo,
Pistacia sp., Pistacia lentiscus, Rhamnus–Phillyrea.

A chronological framework has been defined on the basis of 11
radiocarbon dates obtained on wood charcoals and charred
macrofloral remains. All of them were collected from well-
defined negative domestic structures at the base of the archaeolog-
ical deposit (Table 1; Figs. 3(a), (b) and 4(b)), associated with
impressed ceramic and flaked lithic industry. The calibrated age
ranges from 5675–5623 cal BC (60.2%) of structure 8 to 5376–
5297 cal BC (65.3%) of structure 75. Given the nature of the sam-
ples, the possibility of an ‘old wood effect’ should also be taken into
account; however, it is remarkable that the older dating (Beta-
164664) is made from a scale of a pine cone, which can be consid-
ered a quite reliable sample, having a short life span. Moreover,
pine cones are commonly used as fire starters and, thus, their
occurrence in the hearth should not be considered accidental or
intrusive. This is true also for the other samples. Shrubs as A. unedo
and P. lentiscus are likely to be collected in twigs and thin branches
as fire kindling, being fuels of high flammability; while species
such as P. pinea and Quercus perennifolio are more likely to have
been used as firewoods. In conclusion, the samples selected for
dating represent a set of different fuels for the different stages of
fire making.

As all the structures belong to the same archaeological layer,
being all in horizontal relation between them, it is not possible
to carry out any Bayesian treatment of the data in order to high-
light different phases of occupation. Nevertheless, it is remarkable
that all of the dates are distributed in a regular manner over the
period and no evident aberrant dates can be detected.



Fig. 2. (a) Southern slope of the igneous massif of Chãos with the location of the prehistoric sites: 1 – late Mesolithic site of Vale Marim I; 2 – early Neolithic site of Vale Pincel
I; 3 – early evolved Neolithic site of Vale Marim II; 4 – early evolved Neolithic/middle Neolithic site of Brejo Redondo; 5 – middle Neolithic site of Palmeirinha; 6 – late
Neolithic site of Vale Pincel II; 7 – late Neolithic and Chalcolithic site of Monte Novo; 8 – middle Bronze Age cemetery of Quitéria. After Tavares da Silva et al. (2011); (b) Vale
Pincel I. Archaeological excavation in 2000.
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Fig. 3. Calibrated radiocarbon dates from Vale Pincel I. Early Neolithic features. OxCal v4.2.3 (Bronk Ramsey, 2013); IntCal13 atmospheric curve (Reimer et al., 2013); (a)
multiple plots; (b) plot of summed frequency distributions.
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2.2. The chipped-stone tool assemblage: technological and typological
characterization of the studied sample

The technological and use-wear analysis had been carried out
on a sample of 217 knapped chert artefacts proceeding from the
lower layer of Vale Pincel I deposit (C. 2B) (Table 2). Analyzed
materials were selected from the areas of the excavation where
the majority of domestic structures is concentrated, sectors XVI,
XVII and XXVI, over about 100 square meters (Fig. 4(a)). The
selected sample represents about the 17.4% of the total chipped
stone assemblage from the same area (1.247 objects). Given the
overall number of lithic remains, the sample size it is not sufficient
to provide a comprehensive palaeoeconomic reconstruction;
despite that, the analyzed sample it is enough to get a first snap-
shot of the techno-economic behaviour of the assemblage. Our
sampling has been directed mainly toward complete or nearly
complete blades and flakes, which are more likely to preserve
interpretable use-wear traces; the other way around, debris and
waste materials have been excluded. Such a sampling methodol-
ogy based on techno-morphological criteria has been already
applied to other assemblages and it represents an effective tool
for a first evaluation of the economic activities carried out at the
site, especially for answering to specific issues (i.e. harvesting prac-
tices, hunting technologies, butchering tools, etc.) (Gibaja et al.,
2010a; Perales et al., 2015).

The rawmaterials employed for the lithic production are mostly
non-local chert (85.3%). A significant percentage of artefacts (20%)
have been manufactured in flint materials of possibly exogenous
provenance: it is a fine-grained chert of greyish colours and mas-
sive texture. Curated strategies were applied to artefact manufac-
ture, maintenance, recycling and resharpening. Lithic production
is oriented toward bladelets (64% bladelets; 6.7% blades; 29.2%
flakes) with a quite standardized module size (24.9 � 9.1 �
2.9 mm). In the studied sample, the knapping technique employed
for the core reduction was mainly (56.9%) indirect percussion;
striking platforms are mostly faceted (53.2%); the use of heat treat-
ment has been registered on the 10.2% of the blanks. The percent-
age of non-transformed by-products of knapping is 15.2%; some of
them, as core rejuvenation flakes appear to have been retouched
and possibly used. Cores, mainly bladelet cores, have been inten-
sively used and discarded only when exhausted, with very small
sizes. Retouched artefacts have a high representation (67.7%).
Scrapers, burins and borers are present, but the more important
typological groups are the retouched bladelets and blades (not
ches/denticulations/simple retouch). Microlithic geometric arma-
tures of projectiles are represented in this sample almost exclu-
sively by segments manufactured on narrow bladelets, shaped by
abrupt retouch; armatures are also standardized, with the follow-
ing mean size: 15.6 � 5.9 � 2.4 mm. Microburin technique has
been used sporadically, and recognized not only by microburins,
but also by the remains of piquant-trièdre in the backed segments.
In conclusion, the high frequency of curated technologies – for
which exogenous raw materials were used – the high density of
lithic artefacts and the tool diversity observed in Vale Pincel I sug-
gest an intensively occupied settlement.

2.3. Methods of analysis

Traceology, also called Use-wear or Microwear analysis, is
born in the first half of the twentieth century, thanks to the work
of the Russian researcher S.A. Semenov (Semenov, 1964). The dis-
cipline is part of a broader field of research (i.e. Prehistoric Tech-
nology) that examines the archaeological remains of past
manufacturing and production processes in order to understand
and reconstruct the ancient technological systems. In this setting,
Traceology bridges the gap between technology and economy,
providing information on how prehistoric artefacts participated
in the reproduction process of a certain society. Following the
suggestion of R. Risch, one can state that its main object of study
is the «human work, while its empirical references are the traces
visible on all the objects that have been manipulated by people»
(2008: 520). Traceology is concerned with the material aspects of
social production, representing a key element for the understand-
ing of the subsistence and crafting practices; depending on the
context, it could offer insights into human-environment interac-
tions, social agents’ relationships, patterns of ownership,
resources management and accessibility, etc. (Pié and Vila,
1992; Clemente, 1997).

Since the pioneer works of Semenov, new tools and methodolo-
gies have been introduced constantly and, today, the method has a



Fig. 4a. (a) Overview of the Vale Pincel I excavation, campaign of the 2000, photo and plan. The red dots indicate the radiocarbon dated structures (from left to right: str. 24,
44, 87, 27E, 79, 10, 70, 8, 75). Structures A20 and D19, excavated in 1986, are absent from this plane. The black dots represent undated features. The red-coloured square
indicates the zoomed area; (b) Zoomed area: sector XVII. Partial plan of the sector with two of the radiocarbon dated hearths: structures 10 and 70. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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well-established protocol shared by most of the analysts, not only
for flaked stone assemblage, but for a wider range of raw-materials
(Marreiros et al., 2014). For what concern knapped flint tools, one
can fundamentally divide traceological analysis in three main
steps:
i. An evaluation of the archaeological assemblage is done
through stereoscopic microscopy. A sample of artefacts is
observed, in order to identify the presence of eventual
post-depositional alterations and, thus, to evaluate the feasi-
bility of the traceological analysis.



Fig. 4b. An example of one of the dated structures; (a) view of structure 10, sector XVII; (b) stratigraphic profile obtained from structure 10. The early Neolithic occupation
corresponds to the base of the layer 2–layer 2b. Layer 3 is the geological sandy base. The red asterisk locates the dated charcoal sample. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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ii. After that, a detailed analysis of each artefact is undertaken.
The first step of the analysis involves the employment of
stereoscopic microscope. In the case of Vale Pincel I a Leica
M80 with magnifications between 5� and 40� has been
employed. The analysis of edges and surfaces is directed to
the identification of possible active zones (PUAs – Possibly
Used Areas) (Gijn, 1989). Moreover, the macroscopic obser-
vation allows a first level of inference about the hardness
of the worked materials and about the kinematic of the
movement performed. The main features considered are:
patterns of edge-scarring, roundings, fractures.

iii. If possible used areas (PUAs) or other human intentionally
modified zones are detected the artefacts are submitted to
a detailed microscopic analysis through the employment of
reflected-light microscopy. For this study, an Olympus BH2
with magnifications between 50� and 400� has been used.
The scope of the microscopic observation is to prove the nat-
ure of the previously identified areas. PUAs which provide
interpretable traces of use are called AUAs (Actually Used
areas) (Gijn, 1989). Their interpretation relies on the obser-
vation of micro-features such as polishes, striations, abra-
sions and micro-scarring.

Until recently, the number of Neolithic assemblages studied by
means of use-wear analysis in Portugal was rather low: the site of
Valada do Mato in the Alentejo, the site of Vale Santo I in the
Algarve, and the sites of Pena d’Agua and Cabeço das Pias in the
Portuguese Estremadura (Gibaja et al., 2002). However, in most
of those contexts, use-wear analysts had to face a bad preservation
of the lithic materials. More recently promising results have been
obtained from the site of Cortiçóis (Carvalho et al., 2013), but on
a very small sample of tools taken from a surface survey. The anal-
ysis of the assemblage of Vale Pincel I could, therefore, constitute a
relevant contribution toward the construction of a larger dataset of
traceological data for the Neolithic of Portugal.
3. Results

3.1. Use-wear traces composition and conservation

The Vale Pincel I lithic assemblage shows a good state of conser-
vation and a relevant part of the sample presented well preserved
use-wear traces (Table 3). About half of the analyzed material,
50.7% (n = 110), shows traces of use; the 31.8% (n = 69) was proba-
bly not used, while the remaining 17.5% (n = 38) was too altered to
be analyzed. Among the used implements at least the 17.3%
(n = 19) have been used for more than one activity. So, the total
number of used areas amount to 129 AUAs (Actually Used Areas,
see Gijn, 1989). However, in the 23.6% of the cases (n = 26), Vale
Pincel I materials suffered post-depositional alterations with nega-
tive consequences for the interpretation of the microwear traces,



Fig. 5. Vale Pincel I. Decorated pottery from domestic structures dated from the middle of the VI millennium cal BC (impressed and plastic motifs; no. 2 has a cardial
decoration). Drawings by Guida Casella and Susana Duarte.
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and, therefore, for the precise identification of the worked sub-
stances and of the type of movements made.

Mechanical weathering is the post-depositional agent that most
affected the lithic surfaces. Sandy fine-grained sediment often pro-
duces an overall polish on the archaeological materials, also called
soil lustre or soil sheen (Gijn, 1989; Levi-Sala, 1986). This type of
wear is mainly produced by the continued friction between the
sediment particles and the lithic objects, producing a rounding of
the edges and ridges of the tools and more in general of the
micro-topographic high points of the lithic surfaces. However,
taphonomical alterations do not affect homogeneously the archae-
ological materials, leaving some elements almost intact and affect-
ing others strongly. Moreover, archaeological and stratigraphic
data seem to suggest that Vale Pincel I archaeological deposit
was well preserved as indicated by the high degree of the conser-
vation of domestic structures and of the spatial relations between
artefacts (refitting). Finally, soil acidity does not represent a limita-
tion for use-wear analysis, as silica-based rocks are very resistant
to acid degradation (Mazzucco et al., 2013a).

3.2. Production activities at Vale Pincel I

3.2.1. Agricultural tasks
Among the observed AUAs, one of the most represented activi-

ties is cereal harvesting, 24% (n = 31 AUAs, corresponding to 29
instruments). This percentage is considerably higher if compared
to other lithic collections in Portugal dated at evolved early Neo-
lithic (last quarter of the Sixth/first half of the Fifth millennium
cal BC), where sickle blades have been studied by means of
micro-wear analysis. In fact, neither Valada do Mato (Gibaja
et al., 2002), in the inner Alentejo, nor the site of Cortiçóis, in the
Lezíria do Tejo region (Carvalho et al., 2013), show a comparable
proportion of sickles. Similar percentages of those obtained for
Vale Pincel I (even if only for a partial sample) have been observed



Table 1
Vale Pincel I. Radiocarbon dates. Data after Tavares da Silva and Soares (2015).

Lab. code Layer Structure Sample BP ± Cal BC 1r % Cal BC 2r %

Beta-164664 2b 8 Scale of a cone of Pinus pinea 6740 40 5703–5691 7.8 5721–5614 91.6
5675–5623 60.4 5586–5569 3.8

ICEN-724 2b A20 Charcoal of Arbutus unedo 6700 60 5667–5603 44.1 5719–5520 95.4
5597–5559 24.1

Beta-162912 2b 27E Charcoal of Pistacia sp. 6660 40 5626–5559 68.2 5646–5512 95.4
Beta-165792 2b 10 Charcoal of Pistacia lentiscus 6600 50 5611–5591 14.2 5621–5481 95.4

5564–5491 54.0
Beta-165946 2b 24 Charcoal of Pinus pinea 6540 40 5530–5476 68.2 5613–5588 4.7

5567–5466 87.7
5435–5426 0.7
5405–5386 2.3

ICEN-723 2b D19 Charcoal of Arbutus unedo 6540 60 5606–5595 4.2 5617–5461 80.0
5561–5470 64.0 5451–5376 15.4

Beta-168465 2b 44 Charcoal of ind. Taxon 6490 40 5489–5463 26.6 5527–5367 95.4
5447–5418 18.2
5411–5380 23.4

Beta-165944 2b 70 Charcoal of Pinus pinea 6490 50 5491–5461 23.4 5543–5342 95.4
5451–5377 44.8

Beta-168462 2b 87 Charcoal of Quercus perennifolio 6460 40 5477–5463 12.5 5486–5337 95.4
5447–5379 55.7

Beta-165793 2b 79 Charcoal of Olea europaea 6390 50 5465–5439 15.3 5478–5298 95.4
5425–5406 10.4
5384–5319 42.5

Beta-165945 2b 75 Charcoal of Pinus pinea 6350 40 5460–5451 2.9 5466–5404 14.2
5376–5297 65.3 5386–5286 69.6

5274–5225 11.6

Table 2
Vale Pincel I (Northern Area). Lithic assemblage: techno-typological classes of the
analyzed sample.

Techno/typological categories N %

Cores (exhausted) 10 4.61
By-products (of knapping) 33 15.21
Debris 6
Micro-burin 3
Flake 18
Bladelet 6

Debitage products 27 12.44
Flake 4
Blade 3
Bladelet 20

Retouched tools 82 37.79
Scrapers 7
Borers 6
Burins 3
Backed tools 13
Geometric microliths 21
Trapezes with retouched small edge 2
Segments 19

Notched, denticulated and simple retouched tools 26
Flake 10
Blade 1
Bladelet 15

Others 6
Point on flake 3
Point on bladelet 3

Unretouched tools (with macro use-wear traces) 65 29.95
Indeterminate use 49
Flake 9
Blade 6
Bladelet 34

Edges with cereal gloss 16
Flake 1
Blade 1
Bladelet 14

Total 217 100

Table 3
Worked materials inferred on the basis of the use-wear analysis at Vale Pincel I lithic
assemblage. MAT: Materials; VG: Vegetal substances; MIN: Mineral Substances; AN:
Animal substances; SFT: Soft indeterminate materials; PY: Projectile tools; UNS:
Unspecific polishes.

MAT N %

Vegetal materials 34 26.3
Cereal harvesting 31 24
Plant/wood scraping 3 2.3

Mineral materials 6 4.7
Ceramic working 5 3.9
Min indet. Working 1 0.8

Animal substances 31 24
Butchering 23 17.8
Fish processing 8 6.2

Soft indet. substances 26 20.2
Projectile inserts 17 13.2
Unspecific polishes 15 11.6

TOT 129 100
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in some open-air contexts of the south and north-northeaster Ibe-
ria: Revilla del Campo (n = 17; 20%) and La Lámpara (n = 17; 24.3%)
in the Ambrona region (Gibaja, 2008), La Draga (n = 72; 24.7%)
(Gibaja, 2011) and Sant Pau del Camp (n = 17; 10.4%) in Catalonia
(Borrell and Gibaja, 2012). All those sites are characterized by a
well-established agricultural economy, on the basis of both archae-
ological and palaeoenvironmental records. In most of the above
mentioned sites, moreover, the number of lithic materials studied
is comparable to the actual sample size.

Vale Pincel I sickle blades are characterized by high standard-
ization both on a technological and functional point of view. They
range in size from 16 to 24 mm in length, 7–11 mm in width and
2–4 mm in thickness. They are mainly made on bladelets with
trapezoidal or triangular section, produced by indirect percussion,
purposely broken distally or, in lesser extent, proximally broken.
Blanks are usually unretouched; only in five cases a retouch was
present on the edge opposite to the active zones, probably in rela-
tion to hafting. However, the active edge is often characterized by
resharpening retouches, intended to prolong the effectiveness of
the cutting edge (Fig. 6(1)).

Most of the observed sickle blades appear to have been inten-
sively used. Micro-polishes are generally well developed (Fig. 6
(1–3)); only five implements show a marginal polish (Fig. 7(1)),
while in the remaining instruments the sickle gloss is even recog-



Fig. 6. Selection of tools from the Vale Pincel I lithic assemblage: sickle blades. (1–3) Sickle blades realized on bladelets. The distribution of the cereal gloss is clearly diagonal;
(3b and c) the used edge is resharpened and probably retooled; (4) sickle blade realized on a geometric microlith.
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nizable at the naked eye. Experimental practices demonstrated
that to develop an extensive cereal gloss visible by the naked eye
more than 15–20 h of work are necessaries (González-Urquijo
et al., 2000). Moreover, as already stated, on six implements a
resharpening of the active edge in order to prolong its effectiveness
has been observed (Figs. 6(1) and 8(1)). Other two blades have
been used on both edges for harvesting activities. All this data sug-
gest an intense utilization of the tools.

In this sense, it is also important to point out that numerous
blades, after their employment as sickle inserts, have been retooled
and used for other activities (e.g. drilling/repairing ceramic,
butchering activities). Indeed, cereal polishes often present
scratches and abrasion produced by successive utilization of the
edges (Fig. 6(3)); otherwise sickle blades often retooled using the
previously inactive/hafted edges (Fig. 8(1)). Alternatively, some
instruments have been at first used for other activities and succes-
sively employed as sickle inserts (e.g. projectile points) (Fig. 6(4)).

Furthermore, on the basis of the distribution and orientation of
this gloss, it has been possible to reconstruct the hafting mode of
the blades. In most of the observed cases, the blanks were inserted
diagonally in the haft with an orientation between 30� and 50�.
Instruments were probably hafted in series, forming a serrated
edge. Sickles of this type have been recovered from the Impressa
Ware site of La Marmotta, in Central Italy, where complete wooden
sickles with flint inserts have been found in the early Neolithic
levels (Fugazzola Delpino et al., 1993). In Iberia this type of instru-
ment is common to a number of sites in the Southeast façade of the
peninsula: in the Valencia community, as Cova de l’Or and Cova
Sarsa (Gibaja et al., 2010b), and in the Andalusia region, as Cueva
de Nerja (Gibaja et al., 2010a), Cueva del Toro (Rodríguez
Rodríguez, 2004), Murcielagos de Zuheros (González-Urquijo
et al., 2000; Carvalho et al., 2012) and l’Esparragosa (Clemente
and García, 2008). Similar results have been also recently pub-
lished for Cortiçóis site in Central Portugal (Carvalho et al., 2013).
On the contrary, in the northern sectors of the Iberian Peninsula
different harvesting traditions have been observed, with an
absence of sickles in the Cantabrian region (Ibáñez et al., 2001)
or, alternatively, with sickles characterized by long blades hafted
longitudinally or diagonally (singularly and not in series) in the
Cardial contexts in Catalonia and in the interior of the Peninsula
(Gibaja et al., 2014).

3.2.2. Domestic and craft activities
Besides agricultural activities, a varied range of productive pro-

cesses took place at Vale Pincel I. Domestic activities are mainly
represented by actions associated with the processing of soft-
medium substances (n = 57 AUAs; 44.2%). However, the presence
Fig. 7. Small sickle implement from the Vale Pincel I lithic assemblage, tool recovered fro
marginal, not very developed and partially altered by post-depositional factors. Howeve
of post-depositional modifications on a huge part of the assem-
blage (n = 17; 13.2%) does not allow a detailed analysis of the
use-wears. In those cases, the interpretation remains generic: tools
used for working soft materials.

On the remaining implements, less affected by post-
depositional alterations, it has been possible to detect diagnostic
features of the micro-polishes. A large part of those tools appear
to have been employed for butchering activities (n = 32; 24.8%).
Used blanks are mainly bladelets, quite standardized in measure-
ment and shapes (25–35 mm length � 8–12 mm width � 3–
4 mm thickness). Among those tools, in six cases the blanks were
previously used for other activities (e.g. cereal harvesting), while
in another six cases the instruments were used on both sides for
butchering.

Moreover, at least eight tools (n = 8; 6.2%) that present a very
good preservation of the micro-traces, have been probably
employed for fish processing activities (scaling, decapitation, gut-
ting, etc.). Those wears consist: on a macroscopic level of a mar-
ginal scarring associated with moderate edge rounding; on a
microscopic level of dull polishes with a greasy and rough appear-
ance, an open or semi-closed texture and an irregular distribution
along the edge (Fig. 8(1–3)). Similar traces had been reproduced
experimentally by Gijn (1986), and more recently by Briels
(2004), Clemente et al. (2010) and García and Clemente (2011).
Characteristic features of the fish polish that have been recognized
are: (1) the presence of ‘empty spaces’ with a circular or semi-
circular shape. Those areas could be related to the adhering of fish
residues, principally scales, over the lithic surfaces during the
cleaning process. The presence of those elements does not allow
the formation of the polish over the underlying surface, producing
an irregular distribution of the wears (García and Clemente, 2011:
156) (Fig. 8(1e and f) and (2c)); the presence of a marginal band of
compact polish with a rough and greasy appearance, probably
caused by the contact against hard materials (e.g. fish skeletal
parts) during the phases of fish decapitation and/or gutting. Those
wears are associated to a major scarring of the edge on both the
ventral and dorsal faces of the tools (García and Clemente, 2011:
156–157) (Fig. 8(2a–c)). Other instruments show a mix of the pre-
vious use-wears, being possibly used for more than one action,
both cleaning and fish processing (Fig. 8(3a–c)). It is important to
remark that those actions are not associated with the direct con-
sumption of the fish, but more likely with its preparation for stor-
age and conservation. The existence of specific techniques for fish
butchering and storage have been already proposed for numerous
Neolithic sites on the Mediterranean coasts. Among them, one can
cite the site of Atlit-Yam on the Israeli coast (Zohar et al., 2001), as
well the site of La Esparragosa on the Cadiz coast (Clemente and
m structure 8: (1) Sickle blade realized on bladelets. The distribution of the gloss is
r, on a microscopic level the plant-polish is clearly recognizable.



Fig. 8. Selection of tools from the Vale Pincel I lithic assemblage: Tools for fish processing knifes. (1) Tool used on the right side as sickle blade and, later, employed to work
soft animal substances with the left edge; (1d) edge-rounding associated to edge micro-scarring; (1e and f) Typical ‘fish polishes’ with a greasy and rough appearance. The red
arrows indicate the presence of circular ‘blank spaces’ which can be related to the adhering of fish residues on the lithic surfaces. (2 and 3) Tools showing use-wears
comparable to the experimental traces produced by fish processing activities. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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García, 2008). Similar data have been obtained for south Scandina-
vian early Neolithic (Högberg et al., 2009) where several flint
blades were used for fish processing.

Among the other domestic activities registered at the site, the
presence of tools related to the working process of mineral sub-
stance, such as clay or semi-dry pottery (n = 6; 4.7%), has been
recorded. The employment of lithic tools in pottery production
processes has been documented in several contexts of the Iberian
Neolithic (Palomo and Gibaja, 2001; Mazzucco et al., 2013b,
2015) and Southern France (Torchy and Gassin, 2010). Several
experimentations have been carried out (Gijn, 1989; Gassin,
1993; Mazzucco et al., in press). Use wears from such tasks are
characterized by a vitreous lustre, a strong edge-rounding and
extensive polishes characterize by abundant abrasive features,
such as strias and scratches. Tools observed at Vale Pincel I show
well-developed wears with a longitudinal orientation: a dull edge
with the presence of dense striations and abrasive elements,
resembling experimental tools used for decorating semi-dry pot-
teries or thinning the walls (Fig. 9(1 and 2)). This seems to point
out that a part of the ceramic production cycle was taken out on
site, at least some finishing tasks.

A few tools show traces of use in scraping vegetal materials
(n = 3; 2.3%) (Fig. 9(3)). In the Chassey culture, Southern France,
B. Gassin interpreted similar traces as related to arrow making
activities (Gassin, 1996). However, vegetal scraping activities can
also be related to basketry or rope making. In both cases, only a
short portion of the tool is used, usually a concave edge employed
with a transverse motion on a ligneous or herbaceous plant. Fibre
processing tools are quite common in early Neolithic sites in the
Western Mediterranean, attesting the importance of plants not
only as a food resource, but also as crafting materials.

Finally, a remaining group of tools (n = 15 AUAs; 6.9%) is associ-
ated with the work of medium and hard substances of various nat-
ures: vegetal, animal and mineral materials. Nevertheless, the
conservation of the use-wears and the number of implements is
often insufficient to advance a detailed interpretation of the
activity.

3.2.3. Foraging activities
An important number of tools among the assemblage of Vale

Pincel I appear related to foraging practices (n = 17; 13.2%). Among
them the main group is constituted of narrow crescent-shaped
microliths, standardized in form and shape; they are generally
realized on bladelets, even if is often impossible to determine the
original blank type. Traces are mainly distributed on one of the
two tips of the instrument, with a perpendicular or slightly diago-
nal orientation in respect of the axis of the blank. The fractures are
extremely tiny, always inferior to 5 mm of length. Among them
prevails bending-step and burin-like fractures (Fischer et al.,
1984), often on both faces (Fig. 10(1a and b), (2a and b) and (3a
and b)). Furthermore, a peculiar character of some of the Vale Pin-
cel’s microliths is the presence of tiny scalar scars along the active
point of the tool, associated with a slight rounding of the edge
(Fig. 10(1c), (2c) and (3c)). The other way around, the opposite
extremity – presumably the hafted portion – appears generally
fresh, without fractures. Such type of wears could be associated
with the penetration of the point into some type of abrasive med-
ium (animal targets? sandy soils?); however, a more detailed
experimentation is needed to explore their functionality within
foraging practices (hunting? fishing?).

Tools with comparable traces have been found at Valada do
Mato site (Gibaja et al., 2002; Diniz, 2007) and, more in general,
abrupt retouch segments are considered a typical element – even
if not exclusively – of the Final Mesolithic-Early Neolithic toolkit
in the southwest façade of the Iberian Peninsula. Segments have
been documented in a number of Portuguese shell-middens dated
to the second half of the Sixth millennium, as Cabeço do Pez
(Santos et al., 1979; Tavares da Silva and Soares, 1987) Amoreiras
(Nukushina, 2014), Poças de S. Bento (Araújo, 1995–1997), Várzea
da Mó (Marchand, 2001) and Cabeço do Rebolador (Carvalho,
2009); the other way around, there is no evidence for this tech-
nique in the Spanish Levant for this same chronology (Cortés
et al., 2012). Various hypothesis are currently debated around
the chrono-cultural significance of these tools (see Tavares da
Silva and Soares, 1987; Marchand, 2001, 2005; Manen et al.,
2007; Marchand and Manen, 2010; Soares, 2013): they can be
interpreted as an innovation emerged within the Portuguese Meso-
lithic and later adopted by the Early Neolithic groups settled in the
area; the other way around, it could be postulated the inverse pro-
cess, a transfer from the farming to the hunter-gatherer communi-
ties, even if this latter hypothesis appears less likely given their
early and gradual appearance of segments within the context of
the Late Mesolithic shell-middens from Muge and Sado. Other
authors have argued a North African origin of both abrupt-
retouched segments and backed-blades. Nevertheless, as also
Nukushina (2014) pointed out, there are still no sufficient criteria
to distinguish one possibility from another due to the existing vari-
ations both in terms of their chronological and stratigraphic occur-
rence and in terms of their proportions in respect to other classes
of backed tools, such as trapeze and triangles.
4. Discussion

The debate on the Neolithization process in the Iberian Penin-
sula is a very intriguing topic, which gave rise to very different per-
spectives. Late Mesolithic and early Neolithic contexts have been,
indeed, subject of contrasting interpretations by scholars working
with different theoretical perspectives. The different models pro-
posed about the transition from hunter-gatherer to farming soci-
eties in Portugal have been already resumed by several authors
(Marchand, 2001; Bicho et al., 2003; Soares and Tavares da Silva,
2003, 2004; Tavares da Silva and Soares, 2007; Carvalho, 2008;
Marchand and Manen, 2010) and it will be not discussed here fur-
ther their validity. Our main concern regards, indeed, the interpre-
tation of the Vale Pincel I lithic assemblage, its socioeconomic and
chronological significance.

Vale Pincel I is undoubtedly a site of great importance in the
context of the Portuguese Neolithic. It is the largest – covering a
surface of about 10 ha – and one of the few open-air site of the per-
iod; domestic structures of diverse functionality have been
detected during the excavation works, suggesting the existence
of large and stable human occupation. Nevertheless, even if the
material culture displays clear Neolithic innovations like polished
stone tools and pottery, direct evidences of farming economy were
absent. The acidity of the sandy sediments prevented the conserva-
tion of most of the organic and faunal remains; therefore, the study
here carried out have represented a first, but necessary, step in the
understanding of the site economy and functionality. Despite the
analyzed assemblage representing a partial sample of the overall
Vale Pincel I lithic collection, traceological analyses have proved
the existence of a varied spectrum of production and craft activi-
ties. The tasks inferred through the microscopic observation of
the lithic surfaces points toward a mixed economic system, largely
based on the agricultural production, but also on the exploitation
of animal resources and on the production and maintenance of a
diversity of artefacts.

The presence of sickles is documented by a considerable
amount of blades carrying the typical cereal-lustre; those imple-
ments testify that crop-harvesting tools were produced and main-
tained into the site. Their manufacturing follows a standardized
scheme: bladelets are the preferred blanks for the production of



Fig. 9. Selection of tools from the Vale Pincel I lithic assemblage. (1 and 2) Tools used for working mineral substances, probably clay/pottery. Note the occurrence of abrasive,
striated, polishes associated to heavily rounded edges; (3) Tool used for scraping vegetal substances, probably in relation to craft activities such basketry or arrow-making.
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the stone inserts, which are hafted forming a serrated edge. This
type of sickle is characteristic of the southern façade of the Iberian
Peninsula, thus integrating the Southwest Portuguese Coast in a
broader crop-harvesting tradition, together with the Valencian
and Andalusian regions. Adopting a larger geographical scale,
bended sickles are a typical element also of pre-cardial and
impressa contexts; this is true for several coastal ‘pioneer’ occupa-
tions, such as the Barranquet (Valencia, Spain), Guixeres de Vilobí
(Catalonia, Spain), Peiro Signado (Languedoc-Roussillon, France),
Arene Candide (Liguria, Italy) (Ibáñez et al., 2015).

The presence of a large set of abrupt-retouched microlithic seg-
ments at Vale Pincel I represents another relevant aspect for the
chrono-cultural interpretation of the lithic assemblage. As stated
above, segments are actually considered as a typical element of
the early Neolithic assemblages; they do always represent the
main type of backed tools, not only in Portuguese Neolithic, but
also sites in Andalusia and North Africa (Cortés et al., 2012). In this
sense, an important aspect to remark is that at Vale Pincel I seg-
ments are integrated within the farming system. Despite their
main functionality is associated with foraging practices as projec-
tile tips, the presence of an abrupt-retouched segment used as a
sickle insert (Fig. 6(4)) is an additional proof that those elements
can be considered fully part of the so-called ‘Neolithic’ package.
Moreover, in the late Mesolithic assemblages known in the area,
such as the site of Vale Marim I, located at few hundred meters
from Vale Pincel I, and Samouqueira, at a few kilometres away,
geometric backed tools are composed almost exclusively by tra-
pezes (Soares, 1996). If Vale Pincel I assemblage resulted from a
palimpsest of Neolithic and pre-existing Mesolithic industries,
one would expect to find at least some triangles or trapezes, a con-
dition that has not been fulfilled, neither among the materials
recovered from the negative-features, nor among the lithics from



Fig. 10. Selection of tools from the Vale Pincel I lithic assemblage. (1–3) Segment used as projectile tips. Note the presence of both (a) and (b) bifacial tiny bending/step
fractures and (c) marginal edge-scarring and -rounding. All the traces are located in the same portion of the tool.
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the occupational layers. Indeed, the artefacts from hearths and
structures and the artefacts from the overlaying surfaces are extre-
mely homogeneous from a technological and traceological per-
spective; segments are represented in both contexts and a sickle
blade, even if with a marginal usage, has been recovered from
structure 8 (Fig. 7(1)).

Concerning the other economic processes documented at the
site, of note is the presence of several tools used for working animal
substances. There are evidences for foraging activities and for car-
casses slaughtering and processing. The lack of faunal data reduces
our interpretative possibilities, thus one cannot exclude the
exploitation of both terrestrial and marine resources. From a trace-
ological point of view, indeed, it is not always easy to distinguish
between fish- and meat-butchering activities, depending on the
degree of development and the preservation of the use-wear traces.
However, the hypothesis that fishing represented an important
practice, locally carried out – as well as fish processing and, possi-
bly, fish conservation practices – is particularly intriguing. Indeed,
if the targets of the hunting and slaughtering activities were terres-
trial mammals, one would expect to find at least a few tools associ-
ated with some of the stages of the hide-treatment process. In
numerous contemporary open-air settlements in the Iberian Penin-
sula, hide-working tasks represent one of the main activities for
which flaked stone tools are employed (Borrell and Gibaja, 2012;
Gibaja, 2008; Mazzucco et al., 2015). On the contrary, the absence
of any tool associated with hide working (neither dry, nor fresh
hide) suggests the exploitation of some type of animal with a thin,
non-leathery skin, as fish are. The absence of tools related to bone-
or antler-scraping points toward this hypothesis as well; if few or
no mammals are slaughtered on site, bone and antler tools are also
likely to be rare, as few or no bone/antler raw material would be
available for their production; however, only through the analysis
of a larger sample of flaked stone and macrolithic tools it might
be possible answering these questions.
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Finally, the presence of a diversity of crafting processes is to be
interpreted as a natural consequence of a varied economic system.
At Vale Pincel I, the observed craft activities probably respond to
tasks associated with the manufacturing and/or reparation of
everyday artefacts which, in their turn, were part of the local sub-
sistence system (i.e. pottery vessels, wood or plant artefacts). Such
tasks were more likely carried out on a domestic scale and not
linked to specialized crafting processes oriented toward a surplus
production for bartending and trading, as also indicated by eth-
noarchaeological sources (González-Urquijo et al., 2015). This pat-
tern, showing a varied, but unspecialized, spectrum of craft
activities, has been documented in most of the early Neolithic
open-air settlements of the Iberian Peninsula, when traceological
analyses have been carried out (Mazzucco et al., 2015).

The chronological framework provided by radiocarbon dates
indicates that Vale Pincel I lithic assemblage has to be situated
between the first quarter and the third quarter of the Sixth millen-
nium cal BC. This time span would correspond to the implantation
of pioneer farming groups (the so-called Iberian Impressa and
Early Cardial) in different areas of the Peninsula through a diversity
of colonization phenomena (e.g. maritime and overland move-
ments). An example of those ‘pioneer’ occupations is represented
by El Barranquet and Mas d’Is in the Valencia region, Cueva de
Chaves and Peña Larga in the Ebro Valley, Cueva Nerja on the
Malaga coast. For Vale Pincel I a greater probability density for site
occupation is given for the interval ca. 5640–5380 cal BC, even if
the whole curve of Vale Pincel 14C dates ranges from ca. 5720 to
5240 cal BC (Fig. 3(b)). On the basis of the current information, a
broader occupation of the Portuguese territory would take place
only starting from ca. 5500 to 5400 cal BC, along with a strong
decrease in the Mesolithic sites (Soares and Tavares da Silva,
2004; Carvalho, 2009; Fernández-López de Pablo and Gómez-
Puche, 2009). Similar models, indicating an early phase of the
Neolithization process around the 5700/5600 cal BC, have been
recently proposed also for the Meseta and the Upper Ebro Valley
(García-Martínez de Lagrán, 2014, 2015) and, as well, for the Bas-
que Country (Alday, 2009, 2012).

In conclusion, Vale Pincel I lithic assemblage testifies an early
onset of farming practices in the Southwest Portuguese Coast in
the context of a pre-cardial occupation. The absence of dates on
samples from domesticated species such as livestock bones or
charred cereals is undoubtedly a limit to our interpretation, but
taphonomic issues at Vale Pincel I did not favour the recollection
of organic materials. Nevertheless, the presence of a series of
homogeneous and continuous radiocarbon dates from eleven dif-
ferent features should be considered a solid chronological
framework.
5. Conclusion

Vale Pincel I represents one of the most important contexts for
the reconstruction of the Neolithization process in Portugal. The
aim of this study was to contribute to the understanding of the site
through a traceological analysis of the lithic assemblage. As a
result, several technical behaviours and functional aspects (i.e.
heat-treatment, abrupt-retouch segments, and bended sickles)
typical of the early farming communities of Portugal and Andalusia
have been highlighted. Moreover, the adoption of a techno-
economic perspective allowed a first insight into Vale Pincel I eco-
nomic organization, demonstrating an early onset of agricultural
and craft (i.e. ceramic) productions. Despite that, a broader analysis
is necessary to further understanding the mechanism of change
and adaptation of the first agro-pastoral groups in the Southwest
Portuguese coast. If an increasing number of contexts will be inves-
tigated by means of use-wear analysis, enlarging the sample of
analyzed materials and establishing comparisons between differ-
ent sites, it will be possible to advance a more detailed model
about the settlement and territorial organization of such
communities.
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