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Cueva de Chaves represents a paradigm of a fully Neolithic ex-novo occupation. However, despite its importance
within the chrono-cultural framework of the Iberian Prehistory, there is a lack of empirical evidences about the
site's economic organization.While the herding of domesticated animals has beenwell-documented, agricultural
and crafting activities have not been fully characterized. In this paper, we advance a socioeconomic interpretation
of the flaked stone assemblage to identify the production processes in which lithic tools were involved. The
results of the traceological analysis indicate that both animal and vegetal resources were exploited; food and
craft production activities, which could not otherwise have emerged from the archaeological record, have been
recognized. A mixed farming economy was practised at Cueva de Chaves, the ‘functional spectrum’ of which
can be compared to the one of other open-air stable settlements of the western Mediterranean.

© 2015 Published by Elsevier Ltd.
1. Introduction

Cueva de Chaves de Bastarás is one of the most important sites for
the Iberian Neolithic. Since the first publication (Abad, 1970; Baldellou
and Castán, 1985), this cave had a primary role in the construction of
explanatory models about the diffusion and development of a produc-
tion economy in the Ebro Basin and, more in general, in the NE of the
Peninsula (Baldellou, 1990, 1994; Baldellou and Utrilla, 1999).

The size of the cave, the abundance and variety of the archaeological
record, the presence of burials and artworks, all are factors that have con-
tributed to create the image of Chaves being a prototype of “Neolithic”
stable settlement (Baldellou, 1987: 39; 1994: 36; Utrilla, 2002: 184;
Jiménez-Guijarro, 2010: 76). Along with the Valencian sites of Cueva
de l'Or (Bernabeu and Molina, 2009) or Cueva de Cendres (Martí,
1980), it became one of the paradigmatic sites of the Iberian Neolithic,
representing the full development of the Neolithic modus vivendi, from
both an economic and ideological/symbolic point of view (Utrilla and
Baldellou, 2001–2002; Alday et al., 2012).

Nevertheless, in spite of the undeniable importance of the site, little
attention has been paid to the settlement's economic organization. Until
now, many assumptions on the type of activities carried out into the
cave have not relied on empirical data. The main set of data has been
azzucco@imf.csic.es
provided by Castaños (2004), with the study of the archaeozoological
assemblage, and López-García and López Sáez (2000), with the study
of the pollen sequence. The main aim of these studies was, indeed, to
ascertain the ‘production’ character of Cueva de Chaves' economic orga-
nization; in other words, to demonstrate the presence of domesticated
species, that is, one of the fundamental elements of the ‘Neolithic
package’.

However, even if the faunal assemblage was rich and indicative of
a well-established pastoral economy, cereal cultivation has not been
clearly demonstrated. Cerealia-pollen has not been found in the Level
I.b samples (López-García and López Sáez, 2000). Moreover, except for
a silo (Zapata et al., 2008), no thorough anthracological studies have
so far been realized for the site.

The aim of this paper is to achieve a socioeconomic approximation of
the lithic record recovered from theEarlyNeolithic horizon— Level I.b—
thus reconstructing the economic processes in which the flaked stone
materials were involved. Starting from the Binfordian view of which
there is a functional (or activity) variation between sites or sets of
sites, one can assume that if the Cueva de Chaves represents a fairly
stable Neolithic settlement it will show a wide spectrum of economic
activity, with complex production processes, each one composed of
multiple production stages; the other way around, a more specialized,
short-term, occupation would result in a reduced range of subsistence
and crafting tasks, mainly focused towards one single production
cycle. Of course, there are several scenarios in between these two
extremes that are possible as well. The advantage of a traceological
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approach is that it allows quantifying the economic orientation of a
certain site in terms of tools' active zones (van Gijn, 1989; Gassin,
1996; Ibáñez and González, 1996; Crombé and Beugnier, 2013;
Mazzucco, 2014). Comparing the obtained results with the use-wear
data from other caves and open-air settlements of the period, it will
be possible to statistically describe the variation in sites' economy.

A similar perspective has been applied, for instance, to the Chassean
culture in southern France on the basis of the analysis of the archaeo-
zoological record (Helmer, 1984; Helmer et al., 2005; Bréhard et al.,
2010 among others). However, the traceological analysis of the flaked
stone assemblages represents as well an effective tool for dealing with
archaeological sites' functionality. Despite considering only one specific
category of the overall material record (i.e. lithics), one of the advan-
tages of this type of analysis is that it provides a wide-ranging recon-
struction of the economic organization, not focusing exclusively on
one class of resources (e.g. domesticated animals or wild/domesticated
plants). Indeed, being ‘tools’, lithics are integrated within a variety of
subsistence and manufacturing processes which, in turn, include a
wide range of materials, knowledge, technologies and techniques.

So far, the lithic record hasmainly been described from a typological
and technological point of view (Cava, 2000). There is still a poor under-
standing of the production and domestic activities which were carried
out at the site. Traceological analyses have only been accomplished for
a small sample, by selecting specific typological classes, investigating
mainly form/function issues (Domingo, 2009).
Fig. 1. a) Geographical framework of Cueva de Chaves and cave's mouth photo. b) Topographic
the area of the 1974–1975 surveys; the red star indicates the area of the 1984–1992 excavation
references to colour in this figure legend, the reader is referred to the web version of this artic
b, modified from Utrilla and Baldellou (2001–2002); c, modified from Abad (1970).
2. Materials and methods

2.1. Archaeological context

Cueva de Chaves is located in the NE of the Iberian Peninsula, in
northern Aragon (Fig. 1a). The cave entrance is situated at 663 m.a.s.l.
on the southern slope of the Sierra de Guara Mountain, the southern-
most mountain chain of the Aragonese pre-Pyrenees.

The first archaeological excavation at Cueva de Chaves started in
1974–1975, organized by the Museo Provincial de Huesca. A series of
new excavation campaigns was accomplished between 1984 and 1992
over an area of approximately 90 m2. A total of four different archaeo-
logical layers were discovered: two belonging to the Neolithic period
(I.b and I.a),which excavationwas coordinated by Dr. Vicente Baldellou,
and other two dated to the Solutrean and the Magdaleninan (II.a and
II.b) whose excavation was led by Prof. Pilar Utrilla of the Universidad
de Zaragoza.

About the Neolithic layers, two different horizons were distin-
guished both ascribed to an early phase of the period: the lower
one — Level I.b — to a Cardial phase and the upper one — Level I.a — to
an Epicardial phase (Fig. 2). The Level I.b, which materials are analysed
in this work, is characterized by an abundance of archaeological mate-
rials, dwelling structures and several negative features, among which
hearths, storage-pits, burials and others of indeterminate functionality
(Utrilla et al., 2008). This layer has been dated through twelve 14C
al plan of the Cueva de Chaves. c) Section of the Cueva de Chaves. The red square indicates
s; the red point the areawhere a Neolithic burial was discovered. (For interpretation of the
le.)



Fig. 2. Stratigraphic section of the Cueva Chaves, squares from 7B to 7G, from the 1989 excavations. Layer I.b is characterized by decorations with cardium, while I.c is dominated by
impressed decorations (impressed cordons and triangular–rectangular impressions).
Modified from Baldellou and Utrilla (1991).
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dates (Baldellou et al., 2012). All the dates, both on short-lived and
wood-charcoal samples, fall in an interval of about 300 years, between
ca. 5600 and 5300 cal BC.

The material record recovered during the 1984–1992 campaigns is
very rich. More than 8000 faunal remains were recovered from Layer
I.b (Castaños, 2004), a pottery assemblage of over 6000 fragments
(Ramón, 2006; Baldellou, 2011), an abundant assemblage of polished
and macrolithic tools, a relevant bone industry (de la Fuente, 2001),
numerous painted pebbles (Utrilla and Baldellou, 2001–2002) as well
shell and stone ornaments (Sanchez, in press).

After afive-year interruption, newexcavationswere undertaken from
1998 until the year 2007, when the Neolithic deposit was completely
destroyed by unauthorized works. The entire area of the cave was exca-
vated by clandestine diggers, affecting the Holocene sediments. During
this latter period, new trenches were opened in the area facing the cave
entrance; however, the relevant data is still unpublished.

2.2. The flaked stone assemblage: raw-materials and technological
characterization

The flaked stone assemblage of Level I.b is composed of 2486 lithic
materials, including all the materials recovered during the campaigns
in 1984–2007. A large part of these materials are still unpublished,
although a significant number of them were studied and published
by Cava (2000), including all the campaigns between 1984 and 1990
(Fig. 3). The majority of these lithics comes from the floors relevant
to the settled cave, from hearths and combustion areas, and, to a lesser
extent, from storage and refuse pits.

The sample selected for the analysis consists of 1774 elements
(71.3% of the entire assemblage) and corresponds to all the materials
recovered during the 1984–1992 excavations. All of these materials
come from the main inhabited area of the site, where the majority of
domestic structures was identified.

Chaves' flaked stone assemblage is mainly composed of chert
materials, while other rocks such as quartz, hyaline quartz, rhyolite or
quartzite are only anecdotically represented. Ebro basin cherts repre-
sent the most used sources. The nearest outcrops to the site are the
Lower Oligocene lacustrine limestone located in the southern border
of the Exterior Sierras (Fig. 4a). The remaining lithologies are represent-
ed by Pyrenean chert types, one evaporitic and one marine chert types
(Fig. 4b–c). Outcrops can be found in the Upper Cretaceous and Eocene
formations located in both the Exterior and Inner Pyrenean Sierras
(Mazzucco, 2014).

From a technological point of view, Cueva de Chaves' lithic assem-
blage is clearly oriented towards blade production. Active cores have
mainly a prismatic or, to a lesser extent, pyramidal shape. Generally,
only one percussion plane was exploited, with parallel extractions.
Blade sizes range between 10 and 14mmand their thicknesses between
2 and 4 mm on the average. Average length on complete specimens is
comprised between 27 and 51 mm, however, there are implements
up to 90 mm. About the flakes, they are mainly the result of core-
preparation and maintenance operations. Blanks are generally wider
and thicker, measuring 16–30 × 12–25 × 3–7 mm. Elongated/laminar
flakes were only occasionally produced.

2.3. Methods of analysis

Traceology has today a well-established method shared by most of
the analysts. During the last forty years, the traceological approach to
the study of the lithic industries has been defined and updated by the
works of several authors. Since the pioneer works of Semenov, new
techniques and methodologies have been introduced constantly. For
a detailed state of the art, one can look at the recent synthesis of
Marreiros et al. (2015). Nevertheless, apart from the methodological
improvements that occur alongwith the appearance of new techniques
and analytical tools, one can fundamentally divide the traceological
work in three main steps:

i. A first evaluation of the conservation of the archaeological assem-
blage is done through stereoscopicmicroscopy. A sample of artefacts



Fig. 3. Main typological groups identified among the Cueva de Chaves lithic assemblage. a) Endscrapers; b) borers; c) burin; d) backed tools; e) denticulate tools; f) truncated blade;
g) blade scraper; h) pointed tool; and i) geometric tools.
Modified from Cava (2000).
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is observed, in order to identify the presence of eventual post-
depositional alterations and, thus, to evaluate the feasibility of the
analysis.

ii. Once defined the state of conservation of the assemblage, a detailed
analysis of each single artefact is undertaken. The first step of
the analysis involves the employment of stereoscopic microscope
(Leica M80, 5×–40×). The analysis of edges and surfaces is directed
to the identification of possible active zones (PUAs — Possibly Used
Areas) (van Gijn, 1989). Moreover, the macroscopic observations
allow a first level of inference; it is already possible to formulate
hypotheses about the hardness of the worked materials (i.e. soft,
medium, hard) and about the type ofmovement performed (i.e. lon-
gitudinal, transversal, circular, impact, etc.). Several works of refer-
ence are available for the so called ‘macro-traces’ among which are
Tringham et al. (1974), Odell and Odell-Vereecken (1980), and
González and Ibáñez (1994).

iii. When possible used areas (PUAs) or other modified zones are
detected, artefacts have been submitted to a detailed microscopic
analysis through the employment of reflected-light microscopy
(Olympus BH2, 50×–400×). The objective of this analysis is, first
of all, to prove the nature of the previously identified PUAs. If PUAs
are actually used we call it AUAs (Actually Used areas) (van Gijn,
1989). Proved the consistency of the traces, the analysis is directed
towards the interpretation of themicro-features through the obser-
vation of their characteristics. For the definition of the semi-
qualitative variables employed for micro-wears classification one
can refer to several works among which are Plisson (1985), van
Gijn (1989), González and Ibáñez (1994), and Gassin (1996).
After data registration and results interpretation (Table 1), a statisti-
cal comparison between the Cueva de Chaves and other Neolithic sites
of the Western Mediterranean dated to the VI–V millennium cal BC
has been carried out. Sites for comparison have been selected consider-
ing all those contexts for which a comprehensive use-wear analysis was
available (Table 2). Analyses based on very partial samples have been
excluded. Statistics have been realized with SPSS software v22.

Once selected the comparison-sites, in order to homogenize
traceological data provided by different use-wear analysts, we grouped
the various classes of activities identified into seven main ‘economic’
categories, following the works of van Gijn (1989) and Gassin (1996)
(Table 3).We chose to employ general categories, the functional defini-
tion of which is clear in terms of use-wear recognition and interpreta-
tion. Working with compositional data type, we decided to apply a
square root transformation (SQRT) as suggested by Scealy and Welsh
(2011) (Table 4). One of the advantages of square root with respect to
other data transformation approaches is that it handles zero values
(which are abundant in our sample). Afterwards, we carried out HCA
analysis exclusively considering the nine comparison-sites. For HCA,
Ward's method with squared Euclidean distance is employed because
it allows a higher discrimination between groups, resulting in more
compact clusters. Once determined the clustering patterns of the
comparison-sites we carried out KNN analysis in order to estimate the
distance of our case-study site, the Cueva de Chaves, from the cluster
previously identified through HCA and to identify its k-nearest neigh-
bours. Finally, ANOVA one-way and Tukey post hoc are used to explore
the differences between clusters and the contribution of the single
variables.



Fig. 4. Digital terrainmodel with the principal formations containing chert in the region. The map has been realized with softwareMiramon v7.1 (raw-data provided by LitoCat). The red
star indicates the Cueva de Chaves. CA: frm. Calizas de las carenas altas; AS: frm. Agua Salenz; PA: frm. Pardina; TR: frm. Tremp; GU: frm. Guarga; CS: frm. Castelltallat; PE: frm. Peraltilla;
AL: frm. Alcubierre; TC: frm. Torrent de Cinca; a1–a2) Ebro valley lacustrine cherts (PE-AL-TC-CA frms.); b1–b2) evaporitic continental cherts of the Exterior Sierras (TR frm.); c1–c2) ma-
rine cherts of the Interior Sierras and of the Axial Pyrenees (CA-G-PA frms.). (For interpretation of the references to colour in this figure legend, the reader is referred to theweb version of
this article.)
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3. Results & discussion

The traceological analysis of a large sample of lithic implements from
Cueva de Chaves' Level 1.b has provided a good set of data for the inter-
pretation of the economic processes carried out into the cave or in its
surroundings. Lithic materials presented a good state of preservation.
Taphonomic alterations and post-excavation damages affect only on a
part of the finds. Unanalysable elements amount to about one quarter
of the whole lithic assemblage (n. 447; 23.5%). Among the remaining
materials, about a half of the assemblage did not show any trace
Table 1
Included in the cross-tab between blank type andworkedmaterials for Cueva de Chaves lithic a
core-preparation and core-rejuvenation elements. Includedwithin the category of “Other” are c
rows (Mat) and the columns (Blank) are indicated in italic. HP: Herbaceous plants; WP:Woody
Bone/antler materials; CC: Clay/ceramic; MI: Indeterminable mineral substances; PY: Projectile

Blank types HP WP VG BU H

Flake ∑ 15 1 1 9 1
Blank 19.0 1.3 1.3 11.4 1
Mat 12.4 11.1 9.1 40.9 2

Blade ∑ 94 3 8 9 1
Blank 45.2 1.4 3.8 4.3 6
Mat 77.7 33.3 72.7 40.9 2

Core trim ∑ 11 5 2 4 3
Blank 12.4 5.6 2.2 4.5 3
Mat 9.1 55.6 18.2 18.2 5

Other ∑ 1 – – – –

Blank 14.3 – – – –

Mat 0.8 – – – –

Tot ∑ 121 9 11 22 5
Blank 31.6 2.3 2.9 5.7 1
(n. 983; 55.4%), while tools characterized by use-wear amount to
about one fifth of the analysed sample (n. 344; 19.4%). Of them, 86.3%
(n. 297) show only one area of use, 13.1% (n. 45) two active zones,
while 0.6% (n. 2) three active zones, for a total of 393 AUAs (Actually
Used Areas).

3.1. Vegetal resources

Among the observed use-wears, the traces produced by vegetable-
substances represent the largest group (Table 1). A large variety of
ssemblagewithin the category of “Core trim” (abbr. for core trimming elements) are all the
ores and debris. “∑” reports the sum of the tools for each category. The percentages for the
plants; VG: Indeterminable vegetal substances; BU: Soft animal substances; HI: Hide; BA:
tools; IS: Indeterminable substances (soft, medium and hard substances).

I BA CC MI PY IS Tot

4 4 5 6 6 18 79
7.7 5.1 6.3 7.6 7.6 22.8 100.0
4.1 22.2 27.8 15.0 22.2 30.5 20.6
3 9 5 17 21 29 208
.3 4.3 2.4 8.2 10.1 13.9 100.0
2.4 50.0 27.8 42.5 77.8 49.2 54.3
1 5 7 12 – 12 89
4.8 5.6 7.9 13.5 – 13.5 100.0
3.4 27.8 38.9 30.0 – 20.3 23.2

– 1 5 – – 7
– 14.3 71.4 – – 100.0
– 5.6 12.5 – – 1.8

8 18 18 40 27 59 383
5.1 4.7 4.7 10.4 7.0 15.4 100.0



Table 2
Sites considered in the text. Site — CA: Los Castillejos, layers 1–6. CH: Cueva de Chaves, layer I.b; DR: La Draga; EG: Grotte de l'Église supérieure, phase 8; FO: Fontbrégoua Cave, layers
19–24; LA: La Lámpara; RE: La Revilla; TO: Cueva del Toro, layer IV; ZA: Murciélagos de Zuheros, phase A; ZB: Murciélagos de Zuheros, phase B. LIT — Number of flaked stone artefacts.
SAM— Analysed sample; AUAs— Sum of active zones; Fauna— OV: ovicaprids; BO: cattle; SU: suids. Ceramic—Main decorative style; Cultivated plants— Sum of remains, Ta/d: Triticum
aestivum/durum; Hv: Hordeum vulgare; Td/m: Triticum monococcum/dicoccum; Lg: Leguminous plants. N/a — Unpublished or not available data.

Site Layer/sector Period
(cal BC)

Type Ceramic Lithic Fauna Cultivated plants (NR) References

Dec. style LIT SAM AUAs Ratio OV/BO/SU Ta/d Hv Td/m Lg

CA 1–6 End of 6th mill. Open-air Almagra 1842 164 106 Sheep/goat N 70% 2720 363 21 13 Riquelme (1996), Rovira (2007)
CH 1b End of 6th mill. Cave Cardial 2486 1774 386 Sheep/goat N 60% n/a n/a n/a n/a Castaños (2004)
DR A–D 6th–5th mill. Open-air Cardial 858 601 243 Sheep/goat b 50% 8660 32 71 0 Bosch et al. (2011)
EG C8 Middle of 5th mill. Cave Chasséen 304 118 92 Sheep/goat N 70% n/a n/a n/a n/a Helmer (1979)
FO 19–24 Middle of 5th mill. Cave Chasséen n/a n/a 99 Sheep/goat N 70% n/a n/a n/a n/a Helmer (1979)
LA n/a End of 6th mill. Open-air Boquique 571 77 70 Sheep/goat N 60% 0 0 70 0 Rojo et al. (2008)
RE n/a End of 6th mill. Open-air Boquique 553 76 82 Sheep/goat N 60% 0 2 52 0 Rojo et al. (2008)
TO IV 6th–5th mill. Cave Almagra 217 96 74 Sheep/goat N 70% 18 6 0 9 Martín et al. (2004)
ZA A End of 6th mill. Cave Almagra 75 63 44 n/a 117 307 206 7 Peña-Chocarro et al. (2013)
ZB B 6th–5th mill. Cave Almagra 222 75 51 n/a 74 209 8 45 Peña-Chocarro et al. (2013)
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tools and actions, related to different production and crafting processes,
has been included in this category, such as tasks related to agricultural
works and wood working activities.

Sickle blades are represented by a relatively small group of tools. All
of them are realized on laminar blanks with standardized dimensions
between 10 and 14 mm in width and 3 and 4 mm in thickness on the
average. The length is more difficult to estimate, all elements being
fragmentary. However, the tools were not intentionally broken before
employing them, as distal/proximal fractures always occurred after
their use. The most complete elements are between 45 and 50 mm in
length (Fig. 5a). Sickle glosses distribution is generally parallel or slightly
transverse to the edge, forming an angle of about 10°–15° with the
border. The micropolish shows the characteristic features of the cereal
use-wears, with a flat topography and a compact texture, along with
the presence of pits and comet-tail strias (Fig. 5a1–b1).
Table 3
Variables used for the HCA and KKN analysis.

Variables Description

Slaughtering and butchering BU Included within this category are all the traces ass
Plant and wood crafting PWC All the scraping activities realized on non-ligneou
Hunting activities HUN All those tools that show macro- or micro-traces r
Hard animal materials working HA All the tools associated with the work of bone and
Herbaceous plant harvesting HP Included within this category are sickle blades and

to discern between the two types of plants (dome
Hide working HI Activities realized on dry or fresh hide, both scrap
Mineral substances working MIN Tools associated with the working of mineral mat

performed; a large percentage of these implemen

Table 4
Raw-data considered for the statistical analyses. Site — CA: Los Castillejos, layers 1–6. CH: C
Fontbrégoua Cave, layers 19–24; LA: La Lámpara; RE: La Revilla; TO: Cueva del Toro, layer IV; Z
of AUAs identified for each economic category; %— Percentages of active zones (AUAs) for eac
Slaughtering and butchering activities; PWC: Plant-wood crafting activities; HUN: Hunting acti
MIN: Mineral substances working.

Sites Economic activities

BU PWC HUN HA HP HI

∑ % ∑ % ∑ % ∑ % ∑ % ∑ %

CA. 1–6 39 44.3 8 9.1 0 0 9 10.2 16 18.2 16 18.2
CH. IB 22 6.8 33 10.3 26 8.1 18 5.6 106 33 58 18.1
DR 32 13.2 49 20.2 10 4.1 10 4.1 75 30.9 66 27.1
EG. 8 26 35.1 16 21.6 19 25.7 0 0 4 5.4 9 12.2
FO. 19–24 8 18.2 15 34.1 3 6.8 7 15.9 0 0 6 13.6
LA 6 13.7 9 11 1 4.1 0 9.6 24 32.9 17 24.6
RE 10 9.7 8 14.5 3 1.6 7 0 24 38.7 18 27.4
TO. IV 21 35.6 10 16.9 0 0 6 10.2 3 5.1 13 22.0
ZU. A 17 50 1 2.9 0 0 0 0 9 26.5 7 20.6
ZU. B 17 41.5 0 0 1 2.4 2 4.9 8 19.5 13 31.7
Tools' state of fragmentation suggests that most of them were
discarded at the end of their use-life. It is highly probable that the
cultivation fields were located at a certain distance from Cueva de
Chaves and that sickles were taken back only occasionally for being
refitted, repaired or, eventually, retooled; therefore their number
should be considered underrepresented at the site. A similar scenario
could be inferred from the pollen analysis (López-García and López
Sáez, 2000). Cerealia-pollen was not detected in Level I.b, however, it
does not mean that agriculture was not practised at all. Cereal pollen
does not travel far (Iversen, 1949), so its absence could suggest that
cultivated fields were settled at a considerable distance from the settle-
ment. Indeed, the abrupt configuration of the cave's surrounding land-
scape does not favour the establishment of agricultural fields, which
were possibly located in the southern sector of the Sierra de Guara
Mountain.
ociated with soft animal substances.
s plants and all the working processes realized on wood materials are included.
elated to projectile impact.
antler materials, independently from the cinematic of the action performed.
all the other tools employed for cutting wild grasses/reeds. Being often complicated

stic cereals and wild grasses), all those tools has been grouped within the same class.
ing, cutting or drilling actions.
erials have been grouped together independently from the cinematic of the action
ts are associated with the work of clay/pottery.

ueva de Chaves, layer I.b; DR: La Draga; EG: Grotte de l'Église supérieure, phase 8; FO:
A: Murciélagos de Zuheros, phase A; ZB: Murciélagos de Zuheros, phase B.∑ — Number
h category; SQRT — square root transformed data used for the HCA and KNN analysis. BU:
vities; HA: Hard animal substances; HP: Herbaceous plants harvesting; HI: Hide working;

References

MIN BU PWC HUN HA HP HI MIN

∑ % Transformed data (SQRT)

0 0 6.66 3.02 0.00 3.19 4.27 4.27 0.00 Perales et al. (2015)
58 18.1 2.63 3.21 2.85 2.37 5.74 4.25 4.25 Mazzucco (2014)
1 0.4 3.63 4.49 2.02 2.02 5.56 5.22 0.63 Gibaja (2011)
0 0 5.92 4.65 5.07 0.00 2.32 3.49 0.00 Gassin (1996)
5 11.4 4.27 5.84 2.61 3.99 0.00 3.69 3.38 Gassin (1999)
5 4.1 3.11 3.81 1.26 0.00 6.22 5.23 2.85 Gibaja (2008)
3 8.1 3.70 3.32 2.02 3.10 5.74 4.97 2.02 Gibaja (2008)
6 10.2 6.14 4.12 0.00 2.74 2.39 4.56 3.36 Martín et al. (2004)
0 0 7.07 1.70 0.00 0.00 5.15 4.54 0.00 Carvalho et al. (2012)
0 0 6.44 0.00 1.55 2.21 4.42 5.63 0.00 Carvalho et al. (2012)



Fig. 5. Selection of use-wears from the Cueva de Chaves, Level 1.b. Tools showing traces from herbaceous plants working. a–b) Sickle blades showing extensive lustres (a1–b1). c) Tool
showing RV2 traces. Note the abrasive component of the polish (c1). d) Tool used to scrape vegetal materials. Note the transverse directionality of the polish (d1).
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Other tools probably related to agricultural works are the blades
showing the so-called RV2 traces (Clemente and Gibaja, 1998). These
implements are characterized by a mixture of abrasive wears and
plants' micropolishes (Fig. 5c); traces of this type might have been
produced while cutting away the ears from the straw if the activity is
carried out on the ground; alternatively similar traces can be obtained
cutting grasses or straw to ground level (Mazzucco, 2014) or cutting
sods and parts of the meadow (van Gijn, 1988). All of these tasks
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could have an important economic role as the obtained materials could
be used in a variety of production processes. Straws and grasses could
be used as fuel, as construction materials for houses, roofs, bedding
and drainage systems, as well for craft activities like basketry (Zapata
et al., 2004: 295–311; van Gijn, 2010: 84–91). Several sites where
wild plants have been intentionally gathered and used as both combus-
tible (Juan et al., 1996) and bedding materials (Angelucci et al., 2009;
Lancelotti et al., 2014) are known in the Iberian Peninsula.

The other way around, about plants gathered for fodder production,
there is not enough data to support such a hypothesis. Fodder production
has been proposed for the EarlyNeolithic site of Arene Candide, in Liguria
(north-western Italy), aiming at providing alternative and additional
sources for animal feed (Maggi and Nisbet, 2000). However, at Arene
Candide cave, fodder appears to have been mainly foliage and brush-
wood, not straws or grasses. Micromorphological analyses of Arene
Candide sediments and coprolites support this hypothesis, showing
that a significant part of animal fodder derived from thin branches,
twigs, and leaves (Macphail et al. 1997). In this case, the use of lithic
tools is of little help since trees and shrubs were probably directly and
spontaneously grazed by livestock (Papanastasis et al., 2006).

Finally, several tools have been used for scraping vegetable sub-
stances; in those cases used blanks (both blades and flakes) show
sharp, unretouched edges with angles between 25° and 30°; alterna-
tively obtuse angles between 35° and 45° are chosen, often retouched
in order to create a notch (Fig. 5d). In those cases, traces are limited to
a small portion of the edge, 1.5–2 cmmaximum; polishes show a clear
transverse directionality, with a very smooth aspect. Traces of this
type can be related to fibre processing for basketry activities; alterna-
tively similar polishes have been obtained from arrow-making process-
es, as observed at Grotte de l'Église Superieure in Southern France
(Gassin, 1996).

3.2. Animal resources

Tools associated with the working of animal substances represent
the second largest group among the Cueva de Chaves lithic assemblage
(Table 1). In this group, hide-working prevails, followed by slaughtering
and butchering activities, and by all those tasks related to the working
of hard animal substances (i.e. bone or antler). This set of implements
reveal the existence of a wide range of activities related to the exploita-
tion of both domesticated and wild animals.

Data obtained from the study of the archaeozoological assemblage
recovered from Level I.b (Castaños, 2004) confirms the presence of
an abundant faunal assemblage composed of large domestic flocks:
the estimated minimum number of individuals indicates the existence
of 120 sheep/goats, 41 domestic pigs, and 14 cattle. Pollen analysis indi-
cates a certain deterioration of the environment around the site, with a
strong decrease in arboreal pollen and the appearance of taxa probably
associated with herding activities. The appearance of Asphodelus albus
indicates the use of fire by people to open grassland areas, while the
presence of Plantago lanceolata is another well-known anthropogenic
indicator favoured by extensive grazing (López-García and López Sáez,
2000). All of this data suggests that pastoral practices were carried
out, at least in part, in the surroundings of the site.

Slaughter activities took place entirely within the site. The
ascertained kill-off pattern,with a high proportion of young individuals,
suggests that husbandrywasmainly oriented towardsmeat production,
even if possibly also other byproducts were exploited (Castaños, 2004).
Lithic tools featured in butchering activities, for meat extraction and
preparation. Several blades with marks of contact with meat and bone
materials have been observed (Fig. 6a); however, their number should
be probably considered underrepresented as this type of wear shows
a little resistance against taphonomic agents. Indeed, a considerable
number of laminar tools of similar characteristics, but scarcely pre-
served, have been classified as working ‘soft-indeterminate substances’
(Table 1).
After slaughtering and butchering, animals were skinned and their
skins stripped of flesh and scraped. Numerous hide-scraping tools real-
ized on thick core-rejuvenation flakes have been identified. They appear
quite standardized, with sizes between 20 and 30 mm in width and
between 6 and 11 mm in thickness; length is always over 30 mm,
even if in most cases endscrapers are fractured proximally. The active
zone is retouched to strengthen the edge, obtaining convex or slightly
convex shapes; scraping was performed by placing the active part
over the material and working it by a transverse movement. Generally,
the action appears carried out with a high angle with respect to the
worked hide. The edge ismoderately rounded; themicropolish is distrib-
uted in marginal bands over the contact face, often affecting also the
dorsal one (Fig. 6b1). The presence of mineral additives (i.e. ochre) has
been also recognized. This type of traces is generally associated with
the first stages of hide working, are also known as ‘skinning’ and
‘fleshing’ (Beyries and Rots, 2008). Such an activity was mainly related
to the removing of animal fat, muscles, and all adipose tissues (Plisson,
1985: 46–48; Calvo, 2004: 140–153; van Gijn, 2010: 79).

A second group of tools related to hide-working is characterized by
smaller dimensions, in the average of 15–22 mm in length, 16–24 mm
inwidth and 2–6mm in thickness, for both flakes and blades. Compared
to the previous tools, these are little formatted. The active zone, gener-
ally unretouched, is often represented by small portions of the edge
associated with dry-hide working, performed either by transverse, lon-
gitudinal or drillingmovements. The edge is alwaysmarkedly rounded;
themicropolishes have a dull and rough aspect (Fig. 6c1). It is plausible
that many of these tools were employed in working tanned leather
while making clothes, containers, strings, or other artefacts. However,
it is also possible that some of them, especially the largest flakes, were
employed for dry-scraping operations connected with the phases of
hide ‘thinning’ and ‘softening’. These tasks are generally carried out
when the animal skin is dry, after being skinned and stripped of its
flesh, in order to remove the rough spots and smooth out thewhole sur-
face (Ibáñez et al., 2002: 89; van Gijn, 2010: 81). However, the same
task can also be efficiently performed with macrolithic tools, such as
pebbles, which are abundant at Cueva de Chaves.

Animal boneswere in their turn exploited for the production of tools
(i.e. bone punches) and ornaments (i.e. bone beads or other pendants).
Tasks related to the production, maintenance and resharpening of bone
artefacts have been identified on several lithic tools used for an array of
actions, such as scraping, sawing, engraving, and drilling (Fig. 6d1). As
already stated above, the bone industry of Cueva de Chaves is rich and
abundant; in addition, cut-marks probably produced by lithic tools
have been recognized on several byproducts of both antler and, to a
lesser extent, bone materials.

Finally, the exploitation of wild animals is attested by the presence
of several geometric tools characterized by projectile impact traces.
Impact-fractures, such as bending/step, spin-off and burin-like fractures
(Fischer et al., 1984), have been detected, generally with an orientation
that is parallel or slightly diagonal to the axis of the tool. Only in one
case, the presence of microscopic impact-strias (MLITs) has been recog-
nized (Fig. 7a). According to faunal data, it seems that hunting activities
at Cueva de Chaves were mainly oriented towards wild ungulates,
among which Cervus elaphus and Capra pyrenaica are the most abun-
dant, with a minimum number of 13 and 11 individuals (Castaños,
2004). All the hunted species are characteristic of the environment
surrounding the site (i.e. open woodland and rocky areas), especially
towards the north, where the Sierra de Guara mountain system is situ-
ated. However, hunting definitely represented a secondary/marginal
activity at Chaves.

3.3. Mineral resources

Tools associated with the working of mineral substances represent
about one sixth of the analysed sample (Table 1). This category includes
a variety of raw-materials that can be processed to produce tools,



Fig. 6. Selection of use-wears from the Cueva de Chaves, Level 1.b. Tools showing traces of animal substances working. a) Blade used for butchering/slaughtering. Note the association of
themarginal edge-scarring withweak polishes (a1). b) Tool showing traces from hide scraping. Note the presence of edge-roundings and greasy polishes on both ventral and dorsal faces
(b1). c) Tool showing traces from hide cutting. Note the pronounced edge-rounding associated to rough marginal polishes produced by the contact with dry-hide (c1). d) Tool used to
work bone/antler. Note the typical bevel associated to bifacial edge-scarring (d1).
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ornaments, pigments, recipes, etc. At Chaves, among the observed
implements, the most relevant group is associated to pottery manufac-
ture and repairing. The employment of flaked stone tools in ceramics
manufacturing has been reported by several authors for European
Neolithic contexts (van Gijn, 1989; Jardón-Giner and Jadin, 2008;
Torchy and Gassin, 2010). Among the tasks realized, we distinguished
the “thinning” of the pottery's walls and rims, to take away the excess
clay; the “smoothing” and “polishing” of the walls and rims; the
“engraving” and “decorating” of the surfaces. Such tasks are recogniz-
able from a traceological point of view, as they are likely to be carried
out in different phases of the ceramic production process (Gassin,
1993). “Thinning” operations would be carried out when the clay
paste is still wet and malleable (i.e. semi-dry or green) (Fig. 7b), while
“smoothing” or “decorating” phases are carried out on drier clay (i.e.
hide-like clay), when its structure is more resistant and stable (Fig. 7c).

Moreover, a number of lithic borers used to repair pottery vessels
have been observed aswell. Tools present a very rounded tip, character-
ized by striations and abrasions (Fig. 7d). Such implements are likely
to have been used to perform perforations on broken vessels, presum-
ably for repairing them: the perforations would have served to fasten



Fig. 7. Selection of use-wears from theCueva deChaves, Level 1.b. Tools showing impact-traces anduse-wears frommineral substancesworking. a)Geometric tool used as projectile insert.
Note the association of impact-fractures andMLITs (a1). b) Tool showing traces from semi-dry pottery scraping. Note the presence extensive smooth polishes (b1). c) Tool showing traces
from dry pottery scraping. Note the presence of pronounced edge roundings associated to very abrasive polishes (c1). d) Tool used for drilling ceramic materials. Note the tip-rounding
associated to spots of mineral polishes (d1).
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together the fragments with some kind of rope. In this sense, it is
remarkable that the presence of perforations is a typical element of
Cueva de Chaves' ceramic assemblage. N. Ramón (2006: 165) has iden-
tified perforations in 20% of the ceramic fragments,mainly as decorative
motif, but also as repairs (thus realized on baked clay). Besides, lithic
borers were also used to drill shells and teeth, suggesting their employ-
ment in ornaments and beads manufacturing.

4. Comparisons

Once described the ‘functional status’ of the lithic assemblage of the
Cueva de Chaves we run a statistical comparison with other Neolithic
sites of the Western Mediterranean (southern France and north-
eastern Spain). Our aim was to verify whether Cueva de Chaves can be
considered a stable occupation or not. To do so, we included other
nine sites which presented an in-depth use-wear analysis of the flaked
stone assemblage. Sites situated in a diverse array of topographical
and environmental settings were selected, including both caves and
open-air contexts (Table 2).

First of all, we run a Hierarchical classification analysis excluding the
Cueva de Chaves, in order to explore the status of the comparison-sites.
To avoid clusters with only one object and considering the relatively
small size of the sample, a three-cluster solution is retained. As a result,
the sites of La Draga, La Revilla and La Làmpara merge together forming



Table 5
Agglomeration schedule of the hierarchical cluster analysis with Ward's method. In the
first five columns are indicated which sites are combined at each stage and the relative
coefficients. The last column indicates the inertia gain at each stage. The dotted line indi-
cates the step at which the clustering algorithm is stopped (3-cluster solution).

Step 
Cluster combined Agglomeration 

coefficent 

Number of 

clusters 
Inertia gain 

Cluster 1 Cluster 2

1 DR RE 2287 8 2287 

2 ZA ZB 8449 7 6161 

3 DR LA 15,186 6 6737 

4 CA ZA 22,246 5 7059 

5 FO TO 32,885 4 10,640 

6 EG FO 58,984 3 26,099 

7 DR CA 92,514 2 33,530 

8 DR EG 138,932 1 46,418 

Table 7
Tukey post-hoc test. Sig: Significance levels. Variables considered — BU: Slaughtering
and butchering activities; PWC: Plant-wood crafting activities; HUN: Hunting activities;
HA: Hard animal substances; HP: Herbaceous plants harvesting; HI: Hide working;
MIN: Mineral substances working. The underlined values represent the significant mean
differences between the three clusters at 0.1 level.

(I) Ward
method

(J) Ward
method

Mean diff. Std.
error

Sig. 95 confidence
interval

Upper
bound

Lower
bound

HP CL1 CL2 1.22857 .68111 .247 −.4852 2.9423
CL3 4.31263 .68111 .002 2.5989 6.0264

CL2 CL1 −1.22857 .68111 .247 −2.9423 .4852
CL3 3.08406 .68111 .009 1.3703 47978

CL3 CL1 −4.31263 .68111 .002 −6.0264 −2.5989
CL2 −3.08406 .68111 .009 −4.7978 −1.3703

BU CL1 CL2 −3.23998 .50451 .002 −4.5094 −1.9705
CL3 −1.90246 .50451 .022 −3.1719 −.6330

CL2 CL1 3.23998 .50451 .002 1.9705 4.5094
CL3 1.33751 .50451 .084 .0681 2.6069

CL3 CL1 1.90246 .50451 .022 .6330 3.1719
CL2 −1.33751 .50451 .084 −2.6069 −.0681

PWC CL1 CL2 2.29980 .87125 .085 .1076 4.4920
CL3 −.99506 .87125 .526 −3.1872 1.1971

CL2 CL1 −2.29980 .87125 .085 −4.4920 −.1076
CL3 −3.29486 .87125 .021 −5.4870 −1.1027

CL3 CL1 .99506 .87125 .526 −1.1971 3.1872
CL2 3.29486 .87125 .021 1.1027 5.4870

HI CL1 CL2 .32821 .46143 .766 −.8328 1.4892
CL3 1.18183 .46143 .094 .0208 2.3429

CL2 CL1 −.32821 .46143 .766 −1.4892 .8328
CL3 .85362 .46143 .233 −.3074 2.0146

CL3 CL1 −1.18183 .46143 .094 −2.3429 −.0208
CL2 −.85362 .46143 .233 −2.0146 .3074

HUN CL1 CL2 1.25514 1.28403 .616 −1.9757 4.4859
CL3 −.78753 1.28403 .818 −4.0183 2.4433

CL2 CL1 −1.25514 1.28403 .616 −4.4859 1.9757
CL3 −2.04267 1.28403 .319 −5.2735 1.1881

CL3 CL1 .78753 1.28403 .818 −2.4433 4.0183
CL2 2.04267 1.28403 .319 −1.1881 5.2735

HA CL1 CL2 −.09470 1.46086 .998 −3.7704 3.5810
CL3 −.68443 1.46086 .888 −4.3602 2.9913

CL2 CL1 .09470 1.46086 .998 −3.5810 3.7704
CL3 −.58973 1.46086 .915 −4.2655 3.0860

CL3 CL1 .68443 1.46086 .888 −2.9913 4.3602
CL2 .58973 1.46086 .915 −3.0860 4.2655

MIN CL1 CL2 1.83445 1.03849 .258 −.7785 4.4474
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one separate cluster (CL1), in the very first steps of aggregation
(Table 5). All of them are characterized by a larger proportion of activi-
ties related to agricultural works and, more in general, for a broad and
balanced spectrum of both subsistence and crafting processes. This
scenario well fit with the information proceeding from other records,
such as the faunal or carpological assemblages, which indicate a mixed
farming economy of crops, sheep, cattle and suids (Rojo et al., 2008;
Bosch et al., 2011).

The second cluster (CL2) is also formed in the first stages of the
procedure (Table 5). It includes two sites from southern Spain (corre-
sponding to three occupational phases): Murciélagos de Zuheros
(phases A and B) (Carvalho et al., 2012) and Los Castillejos deMontefrío
(Perales et al., 2015). Here — from a use-wear perspective — the activi-
tieswhichplayed amajor role are those associatedwith the exploitation
of the animal resources, in particular slaughtering and butchering prac-
tices and, in lesser extent, hide-working. The other way around, the
tasks related to agriculture are more scarcely represented in the lithic
record. In the case of Los Castillejos, this data could be the result of the
sampling strategies adopted for the study of the flaked stone assem-
blage, being a partial sample; however, it is also possible that cereal
cultivation played a minor role during the early phases of the settle-
ment. Indeed, despite a significant assemblage of free-threshingwheats
and leguminous plants, at Los Castillejos crop remains mainly consist
of discarded residues of everyday consumption, while only a few
Table 6
One-wayANOVA.Df: Degree of freedom; F: F-test values; Sig: Significance levels. Variables
considered—BU: Slaughtering andbutchering activities; PWC: Plant-wood crafting activities;
HUN: Hunting activities; HA: Hard animal substances; HP: Herbaceous plants harvesting; HI:
Hide working; MIN: Mineral substances working. The underlined values represent the most
significant between-group means.

Sum of squares Df Mean squares F Sig

HP Between group 29,620 2 14,810 21,283 .002
Within group 4175 6 .696
Tot 33,795 8

BU Between group 15,906 2 7953 20,830 .002
Within group 2291 6 .382
Tot 18,197 8

PWC Between group 17,135 2 8568 7525 .023
Within group 6832 6 1139
Tot 23,967 8

HI Between group 2233 2 1117 3496 .098
Within group 1916 6 .319
Tot 4149 8

HUN Between group 6368 2 3184 1287 .343
Within group 14,839 6 2473
Tot 21,207 8

HA Between group .825 2 .413 .129 .881
Within group 19,207 6 3201
Tot 20,032 8

MIN Between group 8280 2 4140 2559 .157
Within group 9706 6 1618
Tot 17,986 8

CL3 −.35403 1.03849 .939 −2.9670 2.2590
CL2 CL1 −1.83445 1.03849 .258 −4.4474 .7785

CL3 −2.18848 1.03849 .168 −4.8015 .4245
CL3 CL1 .35403 1.03849 .939 −2.2590 2.9670

CL2 2.18848 1.03849 .168 −.4245 4.8015
evidences of the crop-harvesting and -processing stages are attested.
In this context, it has been hypothesized that crop production was not
completely realized on-site (Rovira, 2007: 564). Data fromMurciélagos
de Zuheros (phases A & B) suggests a similar scenario. The carpological
assemblage indicates a high diversity of cultivated species, including not
only charred seeds, but also remains of crop-processing stages, even if in
lesser degree (Pérez-Jordà et al., 2011; Peña-Chocarro et al., 2013).
Therefore, it could be hypothesized that the two sites were dwelling
areas (more-or-less stable or temporary) and not specialized pastoral
sites; both respond to amixed farming economy, despite a scarce repre-
sentation of the first stages of agricultural production, which could have
been partially realized outside of the settlements.

The third cluster (CL3), is the less homogeneous one. The three sites
are merging at a greater distance from the previous ones (Table 5). All
of them can be interpreted as seasonal occupations used for animal
penning and for meat processing and storage (Helmer, 1979, 1984;
Villa et al., 1985; Gassin, 1999; Martín et al., 2004). Agricultural activi-
ties are almost absent, while crafting activities appear particularly rele-
vant, especially at the Cueva del Toro and Fontbrégoua Cave; moreover,
at Grotte de l'Egliese — which could be eventually retained as a single-



Fig. 8. K-nearest neighbour analysis. The 3D chart represents the 3 nearest neighbours in
accordance with the three predictor variables of greater significance (Herbaceous Plant
harvesting — HP, Butchering activities — BU, Plant and Wood crafting — PWC). The
distance of the Cueva de Chaves from the 3-nearest neighbours (La Revilla — RE, La
Lámpara— LA, La Draga— DR) is reported below.
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item fourth cluster— is observed a greater proportion of activities relat-
ed to hunting and a lower degree of crafting processes, which are
focused only on vegetal substances, probably in relation to weaponry
maintenance activities. Thus, the three sites can be considered as spe-
cialized occupations, more strictly associated to stockbreeding, clearly
diverging from the previous two clusters. The contributions of each
variable to the three clusters are detailed in Tables 6–7. Nevertheless,
we are aware that such clustering should not be considered too narrow.
This is a way of arranging the archaeological data that aims at finding an
interpretive key that might bring to create new models and raise fresh
questions. Traceological data allowed launching a first classification,
providing a background for the reading of the Cueva de Chaves; still,
to strengthen the model, more detailed information and more sites
should be added in the future.

Afterwards, in order to classify Chaves with respect to the other
known contexts, we run a KKN algorithm. The outcome of the KNN
clearly indicates that La Revilla, La Lámpara and La Draga respectively
represent the 3-nearest neighbours (Fig. 8). This result demonstrates
that the ‘functional spectrum’ of the Cueva de Chaves, is way more
similar to the one of the other contemporary open-air settlements
such as La Draga in Catalonia (Gibaja, 2011) or the sites of La Revilla
a La Lámpara in Soria (Gibaja, 2008) than to the other cave sites.
In this sense, the interpretation of the Cueva de Chaves as a sort of
‘underrock-settlement’ advanced by Baldellou andUtrilla (1999) appears
confirm by our data.

5. Conclusions

Our study succeeded in providing a solid interpretation of the Cueva
de Chaves' economic organization. Previous assumptions, mainly based
on a typological reading of the archaeological record, have been demon-
strated by means of socioeconomic categories. Cueva de Chaves was
a self-sufficient settlement with a mixed-farming economy based on
the exploitation of a variety of biotic and abiotic resources. Food was
produced byboth animal and vegetable farming,while several craft pro-
cesseswere carried outwithin the site. Themanufacture of goods seems
diversified, but unspecialized; almost the entire production was carried
out within the site and a fragmentation of the manufacturing process
has not been observed.

Finally, we highlighted how traceological data can be used to explore
the economic orientation of different settlements/occupations, so inte-
grating the information supplied by other records. Despite the reduced
number of sites forwhichuse-wear data is available, it has been possible
to highlight a functional variability between sites that overcomes the
traditional dichotomy of open-air vs. cave sites, indicating more subtle
variances in the economic patterns from one site to another. Even so,
the low number of analysed sites and the partial character of many of
the traceological analyses available, prevent us from making definitive
conclusions. With a more systematic application of the traceological
analysis to the study of the flaked stone materials, it will be possible to
reacha better understanding of the economic and territorial organization
of the Neolithic societies that existed in the western Mediterranean
region.
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