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Abstract
Traditional research approaches on pottery production based on typological and morphometric classifications have changed 
in favour of new lines of research. One of them is based on the study of the technological equipment used in ceramic 
manufacturing processes. For example, ethnographic evidence shows the use of shell tools as technological equipment 
in different phases of ceramic production. In this study, the methodology of use-wear analysis has been applied to the 
archaeomalacological material from the Neolithic site of Cabecicos Negros (Andalusia, Spain) to establish if the shells 
were used as work tools. This analysis has been completed with the development of an experimental program composed 
of two analytical and one prospective experiments, carried out to provide new data about the cardial decorative technique 
and to define the use-wear traces that appear on the active area of the shells after their technological use. The results 
obtained in this investigation show the use of shells in different stages of pottery production. On the one hand, during the 
modelling and regularization phase of the ceramic surface and, on the other hand, during the cardial decorative phase. 
In this way, through this work, it has been possible to establish that the archaeological site of Cabecicos Negros was a 
pottery production center where domestic pieces were made during its Neolithic occupation. In addition, these findings 
reaffirm the importance of shells in ceramic manufacture during the Neolithic period, mainly in terms of the technical 
process linked to the cardial-type of ceramic decoration.
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Introduction

The study of ceramic production is a key element to ana-
lyse and understand the economic and social transforma-
tions undergone by human groups during the Neolithiza-
tion process. Nevertheless, archaeological research has 
traditionally focused on studying pottery through typolog-
ical and morphological descriptions, leaving aside other 
highly relevant aspects that could increase our awareness 
about the way of life of prehistoric societies (Clop-García 
2019). In this way, the study of the full châine opératoire 
of the ceramic production process is especially important. 
Researchers such as Anna O. Shepard (1956), Frederik R. 
Matson (1965) and Hélène Balfet (1966) were pioneers in 
this field. Thus, to attain this knowledge, we must use new 
perspectives and methods that will provide us with new 
data about the social environment in which ceramic pro-
duction took place, the interactions between group mem-
bers, tool management, function, knowledge, know-how, 
and so forth. To undertake this new line of research, we 
used the use-wear analysis methodology (Semenov 1964) 
to define the functionality of the archaeological tools and 
to provide new data about the way of life in prehistoric 
times. Initially, the application of a functional analysis 
methodology was essentially linked to the study of stone 
tools, however, in recent decades it has also been applied 
to other types of raw materials such as bones or shells. 
Besides, studies on malacological material in archaeology 
have been able to demonstrate the use of shell tools and 
their importance in prehistoric contexts (see Clemente-
Conte et al. 2019; Cristiani et al. 2005; Cuenca-Solana 
2013; Dupont and Cuenca-Solana 2014; Romagnoli et al. 
2015; Manca 2016) as had been previously demonstrated 
by ethnographic studies (Cuenca-Solana et al. 2011; Empe-
raire 1955; Gusinde 1986; Mansur and Clemente-Conte 
2009; Prous 1992; among others). Additionally, the number 
of documented remains linking shell tools with ceramic 
production is increasing, with elements observed in differ-
ent parts of Europe (Clemente-Conte et al. 2014; Cuenca-
Solana et al. 2016; Vijande-Vila et al. 2019; among others).

Thus, the study of Cabecicos Negros site was devel-
oped taking the link between shells and ceramic into con-
sideration, paying special attention to cardial decoration 
and the use of cardium-type shells. This traditional state-
ment was accepted by the scientific community for years. 
It was so socially accepted that it wasn’t verify scientifi-
cally. No analytical experimental programmes have been 
developed to confirm this hypothesis, nor to understand 
the potter’s way of use of these tools. However, there has 
been some preliminary works aimed at study of the car-
dial pottery type decorative stage. It is worth mentioning 
that in no case a use-wear analysis has been carried out 

on this research. The first approach to this subject was 
developed by L. Salanova (1992) directed to the study 
of the decoration of Bell Beaker pottery from southern 
Finistère (France) (1992) and Galicia (Spain) (Salanova 
and Prieto-Martínez 2011). This interesting proposal is 
related exclusively with the result of the decorative activ-
ity on the ceramic surfaces, not on the analysis of the tools 
used for this purpose. On the other hand, Jiménez-Guijarro 
and Rojas Rodríguez-Malo (2018) have also carried out 
an experiment based on the development of cardial and 
pseudo-cardial impressions using different raw materials. 
They define the characteristics of each decoration carried 
out with each shell taxon. As the previous work presented, 
this study focuses on analysing the result of shell impres-
sions made on surfaces without given specific informa-
tion about the shell tool. So, even considering the popular 
acceptation of cardium shell tools for cardial decoration, 
there was, until now, no evidence of that, not under a use-
wear analysis of the shell itself. In this way, the functional 
analysis carried out on the molluscs documented allowed 
for a more detailed interpretation of the site during the 
Neolithic to be made even more considering that Cardial 
pottery was a fundamental aspect of the Neolithic culture 
of this context. It also provided a better understanding of 
the technical processes related to Neolithic ceramic pro-
duction, allowing us to know how these tools were used 
and proving that these materials were not only used as 
food, but also as tools.

The Neolithic site of Cabecicos Negros 
(Andalusia, Spain): location, description, 
and chronology

The site is currently located about two kilometres from the 
mouth of the Antas River at a height of 20 m above sea 
level (Fig. 1). Together with El Pajarraco site, form a large 
archaeological complex that spans from the Early Neolithic 
to the Roman Era, passing through an important Punic occu-
pation. Two archaeological interventions have been carried 
out, in 1991 and 2000 (Camalich-Massieu and Martín-Socas, 
1999; Goñi-Quinteiro et al., 2003; Camalich-Massieu et al., 
2004). In the ancient Neolithic, its location would have been 
close to the coast (Arteaga and Hoffmann 1987), so that its 
immediate surroundings would have consisted of a wide bay.

In the specific case of Cabecicos Negros (Vera, Almería), 
during the ancient Neolithic period, it was characterized by a 
habitation model concentrated in small spaces that are distrib-
uted in the six elevations located in the eastern sector of the 
settlement. (Camalich-Massieu and Martín-Socas 1999; Goñi-
Quinteiro et al. 1999; 2003). Remains of domestic structures 
have been identified with circular or oval floor plans, small 
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Fig. 1   Location of the archaeological site of Cabecicos Negros (Vera, Almería)
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in size, built from stones and mud. The high degree of frag-
mentation, alteration and the characteristics of the documented 
material record shows that these are occupations of short dura-
tion, perhaps seasonal and/or periodic in nature (Camalich-
Massieu and Martín-Socas 1999; Goñi-Quinteiro et al. 1999, 
2003; Camalich-Massieu and Martín-Socas 2013; Camalich-
Massieu et al. 2020).

The dimensions of Cabecicos Negros are approximately 
1.5 hectares. The surface of the excavated area, located on 
the northernmost hill, is 100 m2. It has provided four dates 
from Cerastoderma edule (Linnaeus 1758) which, together 
with the techno-morphological characteristics of the identi-
fied material assemblages, have made it possible to specify 
the temporality of the occupations during the ancient Neo-
lithic (late 6th millennium and first half of the 5th millen-
nium cal. BC) (Table 1) (Camalich-Massieu and Martín-
Socas 1999; 2013; Martín-Socas et al. 2018). Specifically, 
we are at the moment when the productive economy begins 
to develop in the southeast of the peninsula, marked by 
agricultural, livestock and artisanal diversification activi-
ties (Camalich and Martín-Socas 1999; Martín-Socas et al. 
2018; Camalich-Massieu et al. 2020).

The considerable natural erosion that has affected the 
site, together with the small size of the structures, which has 
generated a low sedimentary power, between 15 and 45 cm 
of maximum power, together with the rest of the documen-
tation recovered (lack of collagen in the scarce remains of 
terrestrial fauna, anthracological or carpological), does not 
make it possible to specify the different phases of occupa-
tion that mark the development of the ancient Neolithic. 
Due to these circumstances, the selection of samples for 
dating was carried out on malacological material. The 
criterion followed was to choose individuals collected for 
possible consumption. All these conditions prevent mak-
ing major considerations about the subsistence economic 
activities carried out in the settlement. Thus, the evidence 
of the handling of domestic animals has only been possible 
to determine through the analysis of the residues preserved 

in the ceramic containers, which indicate the predominant 
presence of pigs and ovicaprine animals among the domes-
tic fauna of ruminants and non-ruminants. Likewise, also 
highlighted the processing of dairy products for consump-
tion (Tarifa-Mateos et al. 2023).

The use-wear analyses and the characteristics of the 
manufacturing of the different productions, especially lithic 
row material (Afonso 1993; Rodríguez-Rodríguez 1999; 
Rodríguez-Rodríguez et al. 2013) and personal ornamen-
tation (Goñi-Quinteiro et al. 1999; Camalich-Massieu and 
Martín-Socas 1999; Camalich-Massieu et al. 2020), allow 
us to establish a craft activity that is carried out in domestic 
contexts and that is detrimental to other activities directly 
related to subsistence. In general, it is characterized by being 
highly normalized, being surplus, and directed at an extra-
domestic social sphere for the exchange of goods and raw 
materials that are not covered within the group in an exten-
sive geographical area (Harrison and Orozco Köhler 2001; 
Orozco-Köhler 2016; Thomas 2016). In the first case, the 
treatment of hard animal matter, fundamentally malaco-
fauna, and minerals, essentially mica schist and limestone or 
marble, are the best represented, and those aimed at working 
with wood or bone appear with less incidence.

In terms of this research project, it is important to high-
light the group of malacological remains found. Although 
collected alive in a marsh environment in the estuaries close 
to the site (Arteaga and Hoffmann 1987, 1999; Arteaga et al. 
1985), it was only small number of them, which would have 
provided little protein to the human groups collecting them, 
and thus were likely of no bromatological interest to them 
(García-Escárzaga et al. in press). However, their use as raw 
materials for the manufacture of tools linked to other activi-
ties such as those proposed in this work is of relevance here. 
They contribute additional evidence to that provided by the 
ceramic remains themselves, of which those with cardial 
decoration stand out, traditionally considered as the guid-
ing elements when it comes to defining the first phases of 
the initial Neolithic in the western Mediterranean (Fig. 2).

Table 1   The samples have been calibrated by applying the corresponding IntCal20 (Reimer and Reimer 2017) and Marine20 (Heaton et  al. 
2021) calibration curves

Period Phase Material Taxon Laboratory Date Dat. 68% Dat. 95.4% Bibliography

BC BC
Early I Shell C. edule Beta-347627 6530 ± 30 4940–4770 5020–4690 Camalich-Massieu & Martín-Socas 2013
Neolithic Corrected ocean effect
Early I Shell C. edule Beta-336255 6490 ± 30 4890–4720 4980–4650 Camalich-Massieu & Martín-Socas 2013
Neolithic Corrected ocean effect
Early I Shell C. edule Beta-336258 6360 ± 30 4750–4580 4830–4490 Camalich-Massieu & Martín-Socas 2013
Neolithic Corrected ocean effect
Early I Shell C. edule Beta-347630 7300 ± 50 5710–5560 5790–5480 Camalich-Massieu & Martín-Socas 2013
Neolithic Corrected ocean effect
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Regarding ceramic production, the vessels present 
a fragmentation index that has not allowed a typologi-
cal classification of the whole set. Nonetheless, some 
remains with decoration had been documented being able 
to observe that rectilinear shapes are the most used in this 
site. In addition, some cases where the form of the ves-
sel could be documented, being characterized by having 
a conical bottom, converging walls and a volume rang-
ing between 10 l. and 15 l. Besides, a series of ceramic 
groups were documented in smaller containers, defined by 
the variety of decorative techniques, simple or combined, 
such as incised, printed, “boquique”- some with inlay of 
red “almagra” paste -, or plastic. Among them, ceramics 
with cardial printed decoration stand out (Fig. 3 and 4), 
confirming the occupation of these Almeria lowlands since 
the oldest phase of the Andalusian Neolithic (Camalich-
Massieu and Martín-Socas 1999; Goñi-Quinteiro et al. 
1999; 2003; Camalich-Massieu and Martín-Socas 2013; 
Martín-Socas et al., 2018; Camalich-Massieu et al. 2020).

Cardial ceramics, like the rest of the sets of materials 
identified in Cabecicos Negros, are associated with domestic 
contexts, in which the different defined craft activities are 
located.

Material and methods

The archaeomalacological collection of Cabecicos 
Negros

The archaeomalacological analysis carried out allowed us 
to study 1403 malacological remains, of which 92% could 
be assigned to genus level, and a high number also to the 
species level. The results of this study determined that the 
Cerastoderma and Glycymeris genera are the most repre-
sented in the group. The former represents ~ 64% of the 
total, whereas the latter ~ 17%. In this way, both genera rep-
resent more than 80% of the archaeomalacological mate-
rial recovered at the site. At the same time, the presence 
of different species has been identified within both genera: 
Cerastoderma edule and Cerastoderma glaucum (Bruguière, 
1789); Glycymeris violacescens (Lamarck, 1819), Glycym-
eris bimaculata (Poli, 1795) and Glycymeris glycymeris 
(Linnaeus, 1758). In addition, the estimate of the minimum 
number of individuals (MNI) from the different fragmen-
tation categories (Gutiérrez-Zugasti 2009; Moreno 1994) 
shows a minimum number of 138 specimens, among which 
bivalves predominate over gastropods (Table 2).

Fig. 2   Remains of personal ornaments from Cabecicos Negros. a) Parts of a shell necklace; b) Slate bracelets at different stages of the manufac-
turing process; c) and d) Calcite bracelets (images obtained from Camalich-Massieu and Martín-Socas 2013)
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Fig. 3   Ceramic forms and decorative techniques present in Cabecicos Negros

Fig. 4   Ceramic forms and 
decorative techniques present in 
Cabecicos Negros
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Furthermore, the taphonomic study carried out (García-
Escárzaga et al. in press) shows that there are no postmortem 
signs in most shells, so some of the shell tools could have 
been consumed before being used, although not all of them, 
since some had to be collected postmortem (Fig. 15). This 
kind of exploitation has already been documented in other 
Neolithic contexts, for example, Campo de Hockey and Set 
Parralejos (Cadiz, Spain) in the region (Cuenca-Solana et al. 
2013a) or Benzú cave in Africa (Ceuta, Spain) (Vijande-Vila 
et al. 2019).

Methods

Use-wear analysis was used (Semenov 1964) to undertake 
this research project. The aim was to understand the func-
tionality of the tools through the alteration patterns caused 
by their manufacture or use. As a result, these samples 
were examined under various microscopic lenses between 

10 and 200X magnifications. To manage these observa-
tions, we used a Leica S8 APO stereomicroscope and a 
Leica DM2500M microscope with a 10-megapixel Leica 
190HD camera fitted on both pieces of equipment. Finally, 
to develop the photographic record we used a Nikon D750 
camera with a 60 mm macro lens. To carry through the 
functional interpretation of the material analyzed, the 
experimental reference collection available at BIOPAL 
(Bioarqueología, Paleoclima y Transformaciones Sociales 
en la Prehistoria) was used. Likewise, a large part of this 
reference collection has been the result of a research where 
it can be seen the wear produced on the surface of various 
species of shells as working tools for different raw materi-
als Clemente-Conte and Orozco-Kölher 2012; Clemente-
Conte et al.  2014; 2019; Cristiani et al. 2005; Cuenca-
Solana 2013; 2015; Cuenca-Solana and Clemente-Conte 
2017; Cuenca-Solana et  al. 2010; 2013b; 2015; 2016; 
2021; Dupont and Cuenca-Solana 2014, among others). 
The experiments carried out included several stages within 
the ceramic production process and the observations of 
different variables. For example, the use of different types 
of clay; the working of the ceramic clay in its different 
states; the development of various actions such as smooth-
ing or burnishing the ceramic walls; and the use of differ-
ent shell taxa such as Mytilus galloprovincialis (Lamarck 
1819), Ruditapes decussatus (Linnaeus, 1758) or Glycy-
meris Glycymeris, among others.

The results obtained after the comparison between the 
experimental collection and the archaeological material have 
left a series of unanswered questions that led us to develop 
an additional experimental program to increase the size of 
the sample available for comparative experiments related to 
shell tools and ceramic production.

The experimental program

As noted above, despite our experimental base, it was neces-
sary to develop an additional experimental protocol to pro-
vide answers to the new questions arising as a result of our 
research, especially those linked to cardial decoration. The 
structure and development of the experimental protocol was 
based on the information obtained through the functional 
analysis of the archaeomalacological material, along with 
the studies carried out at this time about the ceramic material 
of the site: decorations, raw material, etc. (Camalich-Mas-
sieu and Martín-Socas 1999). This experimental program 
comprised two analytical and one prospective stage, with a 
total of 24 experiments.

Analytical experiments were carried out to record the 
wear produced on the shells following the cardial ceramic 
decoration. We considered several unknows when under-
taking this experimental program. Firstly, our concern 

Table 2   Archaeomalacological taxa documented in Cabecicos 
Negros (García-Escárzaga, et al. in press). NR = Number of remains; 
MNI = Minimum Number of Individuals

Species

Marine bivalves NR NR% MNI MNI%
Cerastoderma sp. 1262 90 90 65.2
Glycymeris violacescens 9 0.6 6 4.3
Glycymeris bimaculata 2 0.1 2 1.4
Lutraria lutraria 1 0.1 1 0.7
Glycymeris glycymeris 6 0.4 6 4.3
Glycymeris sp. 76 5.4 9 6.5
Ruditapes decussatus 1 0.1 1 0.7
Total Marine Bivalves 1357 96.7 115 83.3
Marine Gastropods NR NR% MNI MNI%
Tricola tenuis 1 0.1 1 0.7
Nassarius sp. 1 0.1 1 0.7
Conus mediterraneus 1 0.1 1 0.7
Dikoleps sp. 1 0.1 1 0.7
Charonia lampas 1 0.1 1 0.7
Fasciolaria lignaria 2 0.1 2 1.4
Haliotis tuberculata 1 0.1 1 0.7
Patella sp. 4 0.3 3 2.2
Cerithium vulgatum 8 0.6 5 3.6
Total Marine Gastropods 20 1.9 16 11.6
Terrestrial gastropods NR NR% MNI MNI%
Iberus gualtieranus 4 0.3 3 2.2
Helix sp. 22 1.6 4 2.9
Total Terrestrial Gastr 26 1.9 7 5.1
Indeterminate NR NR% MNI MNI%

112 8.0
Total 1403 100 138 100
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was the working time. We wanted to document the use-
wear degree on the surface of the shell during the deco-
ration activity with different durations. Because of this, 
we define experiments that included decoration activity 
during different times, from one hour to one minute of 
activity. Another key issue was the kind of ceramic paste; 
our concern was to document the type of wear left on the 
surface of the shell by the decorative activity developed 
on a ceramic paste with and without degreaser. Likewise, 
we thought about the importance of the angle of the tool 
during the action. To document this, the experimentation 
has a variable based on the works with a closed angle (75º) 
and another with a ninety angle to see if there were any 
differences in the shell wear. Therefore, we have included 
a prospective experiment to find out preliminarily if shell 
tools show use-wear traces following short-duration activi-
ties. If the result were to be positive, we decided we would 
carry out a further analytical experiment to record this 
information (Fig. 5).

Description of the ceramic paste

The first part of the two analytical experiments comprised 
manufacturing two ceramic vessels, one for each of the 
experiments. For this, we used natural clays with a simi-
lar composition and morphology to those documented at 
the site. In the pottery samples from Cabecicos Negros 
analyzed petrographically, the use of two types of clays 
has been determined: 1) clay from a metamorphic con-
text, where the presence of mineral elements such as 
green schists, mica schists, quartzites, muscovites and, 
eventually, garnets, hematite, or tourmalines was noted; 
2) clay of volcanic origin, in which quartz, biotites, pyrox-
enes, plagioclases, augites, orthopyroxenes, and volcanic 
glass can be seen (Clop-García, personal communica-
tion). For our experimental program, clays with similar 

compositions were collected from the locality of Revilla 
de Camargo (Cantabria), specifically located at coordi-
nates 30 T 430896 4,806,392 (Vega-Maeso 2017). This 
clay comes from the Weald facies of the Lower Creta-
ceous, characterized by an alternation of reddish siltstone 
clays and silts, with intercalations of micaceous and fer-
ruginous sandstones of medium to fine grain, of whitish 
to reddish colours, and by the presence of red shales and 
quartzite. A total of 8.04 kg of clay were obtained, subse-
quently worked to achieve a total of 5.93 kg of processed 
clay ready to manufacture the vessel (Fig. 6). Following 
on from this, the ceramic vessel was hand modelled, and 
then left to dry for 24 h to achieve the plasticity necessary 
to begin the cardial decorative stage (Fig. 7). At the same 
time, shell tools of the C. edule taxon were prepared and 
documented before being used in the experiment, with 
a single heavy thud the shell of C. edule was fractured 
perfectly.

First stage of the analytical experimental program

For the first stage of the analytical experimental program, 
we decided to use clay with calcite temper to model the 
vase. In addition, even though most of the archaeological 
use-wear traces were documented in fragments instead of 
complete shells, we decided to use both to document all 
possible cases. Besides, we kept the same decorative design 
as the one found in the archaeological cardial vessels from 
the site (Fig. 8).

To make the decoration, the active area of the tool was 
the inner edge of the shell, the kinematics of the action were 
transversal and unidirectional in all the experiments (Fig. 9). 
The type of tools used were fragments or whole shells, the 
working angle varying approximately from 75º to 90º, and 
the working time modified throughout with intervals ranging 
from 15, 30, 45 to 60 min (Table 3).

Fig. 5   Dependent and inde-
pendent variables that make 
up the experimental program. 
Tool type: R = complete 
right valve/ L = complete left 
valve/ Fr = Fragment of valve; 
Working angle = contact angle 
between the tool and the mate-
rial worked; Degreaser: Use or 
non-use of calcite degreaser; 
Action: TR/U = Transversal-
Unidirectional action
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Prospective experimental program

Later, based on the results obtained after developing the 
first stage of the experiment, we carried out a prospective 
one with fewer variables to complete the information and 
analyse the degree to which the use-wear traces developed. 
The experiment entailed working clays with and without 
temper, as well as reducing the work time doing this activ-
ity (Table 4). Since it was only a prospective experiment, 
we just wanted to know if the use-wear traces would change 

by adding these new variables. Therefore, in this case we 
used a smooth plate with the same clay, and we started to 
print the cardial decoration during short periods of activ-
ity (Fig. 10).

Second stage of the experimental program

Finally, as a result of the favourable results obtained dur-
ing the prospective experimental program, we decided 
to accomplish a second stage, analytical in this case, 

Fig. 6   First stage of the analyti-
cal experimental protocol. a) 
Obtaining the clay to sub-
sequently manufacture the 
ceramic vase; b) Drying the 
clay; c) Raw material after 
being sieved with a 1 mm mesh; 
d) Preparation of the calcite 
temper; e) Sieving the temper 
with a 1 mm mesh

Fig. 7   a) Mixing of dry clay with water to prepare the ceramic clay; b) Preparation of the base of the ceramic vessel; c), d) and e) Application of 
overlapping cordons to manufacture the ceramic vessel; f) Final result of the ceramic vessel
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comprising the same variables, and which entailed model-
ling a new vessel without temper (Fig. 11). This experiment 
was aimed at documenting the traces left by short working 
times (Table 5).

And thus, we completed a total of 24 experiments not-
ing different variables in the development of the cardial 
decoration.

Results

The experimental program: effectiveness 
and use‑wear analysis of the experimental shell 
tools

The effectiveness of shell tools to carry out cardial 
decoration

Based on the results obtained during the experimental pro-
cess, we can conclude that C. edule shells are highly effec-
tive tools to use to develop cardial decoration work. At a 

Fig. 8   Cardial pottery from Cabecicos Negros site (Camalich-Mas-
sieu and Martín-Socas 2013)

Table 3   Analytical 
experiments carried during 
the first experimental 
protocol. # = Identification 
number; Type: R = complete 
right valve/ L = complete 
left valve/ Fr = Fragment 
of valve; Angle = contact 
angle between the tool 
and the material worked; 
Action: TR/U = Transversal-
Unidirectional action

# Taxon Type Angle Action Used Zone Material Degreaser Time

1 C. edule L 90˚ TR/U Edge Clay Calcite 15´
2 C. edule R 90˚ TR/U Edge Clay Calcite 30´
3 C. edule L 90˚ TR/U Edge Clay Calcite 45´
4 C. edule R 90˚ TR/U Edge Clay Calcite 60´
5 C. edule R 75˚ TR/U Edge Clay Calcite 15´
6 C. edule L 75˚ TR/U Edge Clay Calcite 30´
7 C. edule L 75˚ TR/U Edge Clay Calcite 45´
8 C. edule R 75˚ TR/U Edge Clay Calcite 60´
9 C. edule Fr 90˚ TR/U Edge Clay Calcite 15´
10 C. edule Fr 90˚ TR/U Edge Clay Calcite 30´
11 C. edule Fr 90˚ TR/U Edge Clay Calcite 45´
12 C. edule Fr 90˚ TR/U Edge Clay Calcite 60´
13 C. edule Fr 75˚ TR/U Edge Clay Calcite 15´
14 C. edule Fr 75˚ TR/U Edge Clay Calcite 30´
15 C. edule Fr 75˚ TR/U Edge Clay Calcite 45´
16 C. edule Fr 75˚ TR/U Edge Clay Calcite 60´

Fig. 9   Ceramic vessel used during the first stage of the analytical 
experimental protocol. a) Working tool carrying out cardial decora-
tion in a 75º angle, with a unidirectional transversal action, for 30 min 
on a ceramic paste with temper; b) detail of the cardial type decora-
tion produced by this tool
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functional level, all the tools used in each experiment have 
carried out the activity, nevertheless, as we will discuss later, 
some tools have been more useful than others, even though 
the result has always been favourable.

In this way, we can presume that the level of effectiveness 
of shell tools to carry through this activity is based on two 
factors: the working angle and the morphology of the tool. 
Using different angles to develop this activity, we have been 
able to verify the difficulty of maintaining a 75º inclination 
over time. In contrast, the use of 90º angles was much more 
suitable when undertaking the activity. On the other hand, 
the morphology of the tool was also important: through this 
experiment we have been able to note certain differences in 
the decoration according to the type of tool used (complete 
vs fragment valve). Thus, the use of fragments of C. edule 
make more accurate impressions on the vessel than com-
plete shells. In addition, the use of complete shells produces 
larger decorations due to the larger contact surface with the 
clay. For this reason, the design is also different when using 

complete valves or just fragments. In our case, the designs 
resulting from the use of fragments are alike those docu-
mented archaeologically (Fig. 12).

Use‑wear traces of the experimental tools

The development of the experimental program allowed us 
to document use-wear patterns on the edge of the valve at 
a macroscopic level (10X augmentations) after just 2 min 
of work. On the other hand, at a microscopic level, use-
wear experimental traces were mostly identical in all of the 
samples. Thus, at higher magnifications we find a shiny and 
rough polish characteristic of pottery works associated with 
narrow striations parallel to each other, with a dark back-
ground. Furthermore, these alterations show transversal 
and unidirectional actions, located on the inner edge of the 
valve, regardless of whether it is complete or only a frag-
ment. However, the development degree of the use-wear 
traces changes between the tools, increasing depending on 

Table 4   Prospective experiments. # = Identification number; Type: Fr = Fragment of valve; Angle = contact angle between the tool and the mate-
rial worked; Action: TR/U = Transversal-Unidirectional action

# Taxon Type Angle Action Used Zone Material Degreaser Time

17 C. edule Fr 90˚ TR/U Inner face Clay No 1´
18 C. edule Fr 90˚ TR/U Inner face Clay No 2´
19 C. edule Fr 90˚ TR/U Inner face Clay No 5´
20 C. edule Fr 90˚ TR/U Inner face Clay No 15´

Fig. 10   Two different stages of the prospective experimental program using different shell fragment tools. Cardial impression activity carried out 
from an approximately 90º working angle developing a unidirectional transversal action on a clay plate without temper; a) for 1 min; b) for 5 min

Table 5   Analytical experiments carried during the second experimental protocol. # = Identification number; Type: Fr = Fragment of valve; 
Angle = contact angle between the tool and the material worked; Action: TR/U = Transversal-Unidirectional action

# Taxon Type Angle Action Used Zone Material Degreaser Time

21 C. edule Fr 90˚ TR/U Inner face Clay No 1´
22 C. edule Fr 90˚ TR/U Inner face Clay No 2´
23 C. edule Fr 90˚ TR/U Inner face Clay No 5´
24 C. edule Fr 90˚ TR/U Inner face Clay No 15´
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the duration of the work activity. Thus, it has been docu-
mented a closed polish or semi-closed polish depending on 
the duration of the activity. The greatest wear was observed 
in shell tools that performed the action for a longer period.

Significantly, these alterations have been documented 
after one only minute of activity even if the development 
is more significant after 60 min of work. So, even if the 
use-wear traces remain the same, their development grows 
as working time increases. In addition, the polishing tends 
to become more compact and spread, covering a greater 
amount of the active zone, sometimes even over the lowest 
areas of the microtopography. The same happens with the 
striations, the number of which will also increase signifi-
cantly as the working time increases (Fig. 13).

On the other hand, we documented that the calcite temper 
included in one of the vessels also affects the development 
of the alterations. In this way, the tools that worked with 
the clay with temper have shown higher use-wear traces at 
a microscopic level. And finally, regarding the variable of 
the working angle used, we can state that 75º results in a 

greater amount of surface showing alterations, since the clay 
comes into contact with a greater part of the active surface 
of the tool.

The archaeomalacological collection of Cabecicos 
Negros: the use‑wear analysis

The functional analysis carried out on the archaeomala-
cological collection from Cabecicos Negros allowed us to 
document 31 shell tools among the 1403 remains recovered, 
20 of which showing definite evidence of use, and 11 with 
possible traces of use. Since most of the archaeomalacologi-
cal material was made up of very small fragments that could 
not be analysed, and many of these presented a high degree 
of taphonomic alteration, the total number of shells used as 
tools is quite significant, representing approximately 2% of 
the archaeomalacological remains analysed (Fig. 14).

Among the shell tools documented, the highest percent-
age corresponds to the Cerastoderma taxon, representing 
81% of the total, followed by Glycymeris (~ 13%, and ~ 6%) 
whose poor preservation did not allow for it to be defined at 
a taxonomical level (García Escárzaga et al. in press). On the 
other hand, the predominant use of fragments as tools has 
been documented, which corresponds to ~ 68% of the total, 
compared to ~ 32% that corresponds to the use of complete 
shells (Table 6).

Among the shell tools analysed in Cabecicos Negros, we 
have established three groups based on the use-wear traces 
documented on the shells and therefore linked to their dif-
ferent uses within the ceramic production process: shell 
smoothers, shell tools to develop cardial decoration, and 
shells with probable use.

Shell smoothers

The first group comprises four work tools (#27, #249a, 
#474, #567) linked to the task of smoothing the ceramic 
clay (Table 6). From a functional point of view, at the 

Fig. 11   Ceramic vessel used during the second stage of the analytical 
experimental protocol. a) Working tool carrying out the cardial-type 
decoration with a 90º angle with a unidirectional transversal action 
for 5 min on a ceramic paste without temper; b) detail of the cardial 
type decoration produced by this tool

Fig. 12   Differences between the designs of the cardial decoration. 
a) Cardial decoration made during the experiment using a shell frag-
ment tool of C. edule at a 90º working angle through a transversal-

unidirectional action; b) Cardial decoration made with a complete 
shell tool of C. edule using a 90º working angle through a transversal-
unidirectional action
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macroscopic level we found significant alterations in the 
shape of very evident wear and rounding on the edge of 
the shell (Fig. 15).

At the microscopic level they are characterized by a shiny 
and rough polishing associated with a variable number of 
dark striations, which are usually wide. The number of stria-
tions varies on each shell, showing greater numbers on certain 
tools. In addition, #27 and #249a feature the most developed 
traces in this group, characterized by a polish that becomes 
more compact in the higher areas of the shells’ microtopog-
raphy. Moreover, tool #27 presents a non-anthropic perfora-
tion on the umbo, where certain use-wear patterns have been 
documented. In this way, considering these traces, and even 
though the perforation is a natural one, this shell could have 
maybe been suspended to transport the tool (Fig. 16).

Thus, from a functional point of view, the analysis con-
firms that the edges of these shells were used to develop 
transversal actions upon mineral matter. These alterations 
are located on the edge on the inner face of the shell, which 
indicates that this part of the valve worked as an active face 
during the development of the activity for which these tools 
were used.

Shell tools to develop cardial decoration

In addition, we have also documented 16 tools that would 
have been used to make the cardial decoration (#119, #182, 
#236, #237, #256a, #256b, #287a, #287b, #293a, #309, 
#343, #393, #796, #828, #833a and #833b) (Table 6). In 
contrast with the smoothers, although these tools do not 
show great development of the traces at the macroscopic 
level, they do at the microscopic level (Fig. 17).

The degree of use-wear trace development fluctuates 
among the tools. From a microscopic point of view, the use-
wear traces are characterized by a shiny polish associated 
with narrow striations, with a dark background, parallel to 
each other. Thus, although all these alterations are always 
showing the same type of action (transversal and unidi-
rectional to the active zone), we can see some differences 
regarding the development degree of these traces, prob-
ably as result of the contact time with the material worked. 
Within this second group, we can differentiate a series of 
tools that show the most significant use-wear at the micro-
scopic level: #83, #119, #182, #236, #256a, #256b, #287a, 
#287b and #293a (Fig. 18).

Fig. 13   Comparison of the 
use-wear traces on experimental 
tools of C. edule carrying out 
cardial decoration for 15 min 
(on the left) and 60 min (on 
the right). a) and b) Round-
ing of the inner face; c) and 
d) polished, rough, and shiny 
microtopography with thin stria-
tions with dark background



	 Archaeological and Anthropological Sciences (2025) 17:3131  Page 14 of 23

Fig. 14   Shell tools documented 
at Cabecicos Negros with 
definite use and probable use. 
Smoother: #27, #249a, #474, 
#567; print tools: #119, #182, 
#236, #237, #256a, #256b, 
#287a, #287b, #293a, #309, 
#343, #393, #796, #828, #833a, 
#833b; and potential tools with 
probable use: #7, #34, #73, #83, 
#165, #249b, #293, #356, #430, 
#565 #614



Archaeological and Anthropological Sciences (2025) 17:31	 Page 15 of 23  31

On the other hand, #343, #393, #565, #833a, #833b, and 
show fewer alterations on their active zones. In addition, 
#237 and #828 have a somewhat different polish to the rest, 
characterized by less development, and less presence of 
striations compared to other tools within this second group, 

probably because of minor contact with the worked material. 
And finally, #309 and #796 show very light polishing, with 
a semi-closed weft due to less use over time.

Thus, in general for the whole of this second group, the 
use-wear traces are located on the edge and on the inner face 

Table 6   Shell tools and shells 
with probable use documented 
at Cabecicos Negros site. 
Use = Shell tools Pr = Shell with 
probable use; TR = Transversal 
action; TR/U = Transversal-
unidirectional action; TB/
OB = Transverse and oblique 
action; TR/L = Transversal 
and longitudinal action; Type: 
R = Complete right valve; 
L = Complete left valve; 
Fr = Fragment of valve

236 Cerastoderma sp. Fr Use TR/U Clay Print

237 Cerastoderma sp. Fr Use TR/U Clay Print
249 a Cerastoderma sp. R Use TR Clay Smooth
249 b Cerastoderma sp. Fr Pr TR/U - -
256 a Cerastoderma sp. Fr Use TR/U Clay Print
256 b Cerastoderma sp. Fr Use TR/U Clay Print
287 a Cerastoderma sp. R Use TR/U Clay Print
287 b Cerastoderma sp. Fr Use TR/U Clay Print
293 a Cerastoderma sp. Fr Use TR/U Clay Print
293 b Cerastoderma sp. R Pr TR/U - -
309 Cerastoderma sp. Fr Use TR/U Clay Print
343 Cerastoderma sp. Fr Use TR/U Clay Print
356 - Fr Pr TR/OB - -
393 Cerastoderma sp. Fr Use TR/U Clay Print
430 Glycymeris sp. Fr Pr TR - -
474 Cerastoderma sp. R Use TR Clay Smooth
565 Cerastoderma sp. Fr Pr TR/U - -
567 Glycymeris sp. Fr Use TR/L Clay Smooth
614 Cerastoderma sp. R Pr TR - -
796 Cerastoderma sp. R Use TR/U Clay Print
828 Cerastoderma sp. Fr Use TR/U Clay Print
833 a Cerastoderma sp. L Use TR/U Clay Print
833 b Cerastoderma sp. Fr Use TR/U Clay Print

Fig. 15   Macroscopic use-wear traces documented in two shells of Glycymeris sp. #27 (left) and #249a (right) from Cabecicos Negros. These 
shells have been classed as smoothers
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of the edge of the shell, specifically on the highest areas of 
the microtopography. In addition, in the tools with greater 
development of the alterations, the wear was also docu-
mented in the interspaces of the edge of the shell. In the 
same way, another characteristic of this group is that these 
alterations have been generated in a specific area of the edge 
approximately 1 cm and never more than 2 cm wide, relating 
exactly to the areas of greatest contact with the raw material.

To conclude, based on the results obtained in the 
functional analysis and during the development of the 

experimental program, we propose that these 16 fragments 
and complete shells were used to achieve a transversal and 
unidirectional impression on a mineral material: clay. In this 
way, we propose that this set of tools would have been used 
to perform cardial decoration.

Shell tools with probable use

Finally, we have separated a third group of tools made up 
of 11 shells with a probable use (#7, #34, #73, #83, #165, 

Fig. 16   Use-wear traces 
documented on a Glycymeris sp. 
shell smoother (#27). a) Altera-
tions on the outer face of the 
valve, specifically on the area 
behind the umbo; b) detail of 
the polishing and striations on 
the external face of the shell at 
100X. c) Rounding on the inner 
face of the edge of the shell to 
10X; d) and e) detail of the pol-
ishing and striations developed 
on the inner face of the edge of 
the shell at 100X
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#249b, #293b, #356, #430, #565 and #614). In this case, the 
small number traces found on these pieces, both at a macro-
scopic and microscopic level, has not allowed us to establish 
their use as tools. However, despite the low density of the 
use patterns, certain alterations on the shells were observed, 
which could be associated to the job of smoothing a mineral 
material (#7, #165, #356, #430 and #614), and others with 
cardial decoration (#34, #73, #83, #249, #293b and #565). In 
this way, as a conclusion, despite having documented certain 
alterations at the microscopic level, their low density does 
not allow us to confirm their use as tools.

Discussion

Shell tools and pottery production at Cabecicos 
Negros

The analysis of the archaeomalacological material recov-
ered from Cabecicos Negros, the development of the ana-
lytical experimental protocol and the comparison with the 
reference experimental collection (Cuenca-Solana 2013; 

Cuenca-Solana et al. 2015) have allowed us to interpret the 
function of the site. Thus, it has been possible to verify the 
hypothesis initially proposed that links 20 of the 31 shell 
tools documented at the site with the development of differ-
ent stages of the ceramic manufacturing process.

The role of shell smoothers

On the one hand, it has been possible to document a first 
group of tools comprising 4 remains (#27, #249a, #474 and 
#567) (Table 6) which, at the macroscopic and microscopic 
levels, showed similar use-wear traces. These alterations, 
defined earlier in sub-Sect. "Shell Smoothers". have been 
linked to the development of smoothing, a process aimed 
at standardizing the ceramic walls in an initial stage of the 
pottery production chaîne opératoire, when the clay was still 
wet. After carrying out the analysis, we could see how the 
development of the alterations was not the same for all the 
shells. In this way, those tools with greater wear (#27 and 
#249a) led us to propose that the wear was due to a more 
repeated and prolonged use of these shells over time. There-
fore, these were tools aimed at carrying out a greater number 

Fig. 17   Use-wear traces on 
Cerastoderma sp. tool (#287b) 
used to achieve cardial decora-
tion. a) Rounding of the inner 
face of the edge at 10X; b) and 
c) polishing and striation on 
the inner side of the edge of the 
shell at 100X
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of production cycles. This kind of management of ceramic 
production shell tools has already been documented archaeo-
logically (Clemente-Conte et al. 2019; Cuenca-Solana et al. 
2015, 2021; Manca 2016; Rousseau et al. 2020) as well as 
ethnographically (Dupont 2003; Prous 1992; Rodríguez and 
Navarro 1999). On the other hand, within this group, piece 
#27 shows a natural perforation in the umbo area, which is 
non-anthropic in origin. The functional analysis shows alter-
ations on that perforation. Although it was not possible to 
verify the use for this perforation, we can propose suspen-
sion as a hypothesis, based on what has been documented at 
other archaeological sites (Clemente-Conte et al. 2019; Manca 
2016; Vijande-Vila et al. 2019). The presence of natural perfo-
ration on shells would have been of interest to the potters as it 
would have allowed them to transport and preserve their tools, 
perhaps as fixed elements in their pottery production toolkit. 
This would be a plausible explanation considering the case of 
tool #27 and the patterns found around the perforation, which 
led us to hypothesize that the shell was carried around by the 

potters suspended from a cord. As noted earlier, similar uses 
have been documented at other Neolithic sites such as Coro 
Trasito (Huesca) (Clemente-Conte et al. 2019) or Benzú cave 
(Ceuta) (Vijande-Vila et al. 2019).

From the taxonomic point of view, the results show a greater 
use of shells of the Glycymeris genus to develop the smoothing 
of the ceramic. Glycymeris shells represent 52%, whereas shells 
of the Cerastoderma genus comprise 42% of the total assem-
blage. In this way, at Cabecicos Negros the difference between 
the technological use of both genera is not significant. Archeo-
logically we have found similar cases where different kinds of 
shells were used to carry through the same task, for example, 
at El Toro cave (Málaga, Spain) (Cuenca-Solana et al. 2021), 
and at Diconche (Saintes, France) (Cuenca-Solana et al. 2015).

From the biometric analysis (Table 7), we hypothesize 
that, in some cases, the selection of small-sized shells 
could be linked to the undertaking of specific activities. In 
this way, piece #249a, which is small in size (16.84 mm 
in height × 17.14 mm in length), was used to standardize 
ceramic walls. As a result, it could have also been used in 
other specialized tasks within the ceramic process, such as 
the treatment of the edge of the vessel or the treatment of the 
handle system when the ceramic paste was still wet.

Cardial pottery decorations

As a result of the functional analysis, it has also been pos-
sible to document a second group of tools, made up, in this 
case, of 16 pieces (#119, #182, #236, #237, #256a, #256b, 
#287a, #287b, #293a, #309, #343, #393, #796, #828, #833a 
and #833b) (Table 6). The use-wear traces on these tools 
show the development of a transversal kinematics action, 
using the edge and the internal face as the active zone. The 
results obtained during the analytical experimental program 
allowed us to verify that these tools were used to make car-
dial decoration impressions on clay. It was also possible to 
determine that the alterations did not show the same devel-
opment degree in each of the 16 tools.

By carrying out the experimental program it was possible 
to verify that the traces increased as working time increased. 
The results obtained allowed us to hypothesize that the 
tools with greater wear (#119, #182, #236, #256a, #256b, 
#287a, #287b and #293a) were used for longer periods, and 

Fig. 18   Use-wear traces documented on a Cerastoderma sp. tool 
(#182). a) Rounding of the inner face of the edge to 10X; b) and c) 
polishing and striation on the inner face of the edge of the shell at 
100X

Table 7   Biometric data of the smoothers documented at Cabecicos 
Negros

# Taxa Type Height (mm) Length (mm)

27 Glycymeris sp. R 37.36 38.72
249 a Cerastoderma sp. R 16.84 17.14
474 Cerastoderma sp. R 24.32 23.56
567 Glycymeris sp. Fr 22.18 54.4
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therefore could be reused in several production cycles. Tak-
ing these data into account, we consider that the remains 
with greater development of the traces could have been used 
either to decorate more than one ceramic vase (given that 
the degree of the alterations is linked to a use longer than 
2 min), or larger ceramic vessels. Despite this, it is worth 
mentioning that none of the pieces aimed at carrying out the 
cardial decoration process reaches the development level of 
the smoothers #27 and #249a. For this reason, we think that, 
at least in the case of Cabecicos Negros, the shell tools used 
to develop cardial decoration were used more expeditiously 
than the smoothers. In this way, these elements would have 
been discarded after the end of each production cycle, that 
is, at the end of the decoration process of the ceramic vessel 
or vessels for which they were used.

From a taxonomic point of view, all the cardial deco-
ration shell tools are associated with the use of complete 
valves or fragments of the genus Cerastoderma, which fits 
with the traditional interpretation that associates cardial-
type ceramic decoration with the use of shells of the Car-
diidae family. On the other hand, in terms of the size and 
morphology of these tools (Table 8), 77.23% of them cor-
respond to the use of shell fragments, compared to 22.73%, 
which represents complete vales. In addition, it is worth 
mentioning that despite being complete valves, their dimen-
sions are very small. These data verify the hypothesis gen-
erated by the first stage of analytical experimental work, 
which established a preferential use of fragments to achieve 
the cardial decoration process, while the reduced size of 
the complete shells seems to be linked to a selection for 

a specific activity within the ceramic manufacturing and 
decoration process.

Social and sexual organization of the pottery 
production at Cabecicos Negros

The analytical experimental program made it possible to obtain 
different results. The greater efficiency of the shell fragments 
for cardial decoration, as well as the reduced size of all the 
shells, have led us to consider new hypotheses regarding the 
social distribution of work. During the experiment with these 
tools, we observed that the size of the hands to skilfully handle 
such small tools should also be small. For this reason, con-
sidering what was experienced during the experiment, as well 
as the biometric analysis of the archaeological tools, could be 
probable that, at least the cardial decoration stage of pottery 
production may have been developed mainly by women and 
even children as one of the many maintenance activities that 
were carried out in the daily life of the place. That is, children 
helping their mothers, or even as some sort of game. We can 
find examples of the sexual organization of pottery work in a 
large number of ethnographic studies. For example, in Spain, 
the traditional pottery production process developed in the 
Canary Islands is carried out by women (Rodríguez and Nav-
arro 1999), or the case of the potters of the Gzaua tribe (Chef-
chauen, Morocco) (González-Urquijo et al. 2001). On the other 
hand, the participation of the youngest members of the human 
groups cannot be discarded. Ethnographic sources show us that, 
for example, the gathering of marine molluscs in some groups 
of Australian aborigines (Meehan 1982) or among populations 
of the west coast of North America (González-Vázquez 2000) 
is done by children. Going further, we also have ethnographic 
examples where children are part of the ceramic production 
process, being taught how to produce it from a young age. This 
is the case, for example, with Swahili children aged 1 to 5 (Don-
ley-Reid 1990; Kamp 2001a, 2001b), the Asurini do Xingu 
(Brazil) (Silva 2008), or Cameroon's Dii, (Wallaert 2001) where 
apprenticeship begins at age 7 and lasts between 5 and 8 years, 
with about 4 h of apprenticeship per day in the dry seasons and 
2 h a day the rest of the year. Another interesting example is 
the case of the Shipibo Conibo (Kamp 2001a), an indigenous 
group from North America, where girls receive lessons and 
practice on vessels previously made by adults where the deco-
rative patterns are not yet clearly made. On the other hand, it 
is also worth highlighting the ceramic miniatures recognizable 
by their small size and/or low quality made by children during 
their apprenticeship. For instance, the case of the Swahili girls 
(Donley-Reid 1990) who make small pots to practice, which 
they also use as toys and to learn to cook (Garrido-Pena and 
Herrero-Corral 2015). Despite this ethnographic evidence, pro-
posing a definite interpretation of a social nature is extremely 
complex, although we hope that in the future it will be possible 
to verify these hypotheses based on the development of new 

Table 8   Biometric data of the cardial pottery decoration shell tools 
documented at Cabecicos Negros

# Taxon Type Height (mm) Length (mm)

119 Cerastoderma sp. L 16.78 16.55
182 Cerastoderma sp. Fr 22.75 23.97
236 Cerastoderma sp. Fr 12.06 14.12
237 Cerastoderma sp. Fr 24.58 14.14
256 a Cerastoderma sp. Fr 11.04 16.82
256 b Cerastoderma sp. Fr 12.59 21.29
287 a Cerastoderma sp. R 21.82 25.43
287 b Cerastoderma sp. Fr 26.69 31.77
293 a Cerastoderma sp. Fr 7.86 10.87
309 Cerastoderma sp. Fr 11.3 5.77
343 Cerastoderma sp. Fr 24.56 19.85
565 Cerastoderma sp. Fr 16.03 22.07
796 Cerastoderma sp. L 19.67 19.9
828 Cerastoderma sp. Fr 10.45 8.23
833 a Cerastoderma sp. L 21.05 21.79
833 b Cerastoderma sp. Fr 11.45 12.06
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analyses on other archaeological assemblages as well as from 
new experimental approaches.

The interpretation of Cabecicos Negros

The results obtained in this study, along with those that have 
been developed in recent years in other similar contexts 
(Clemente-Conte et al. 2019; Cuenca-Solana et al. 2015; 
Vijande-Vila et al. 2019, etc.), show the importance that 
shell tools have had in the development of different techni-
cal processes linked to ceramic manufacturing and decora-
tion. Specifically, at Cabecicos Negros it has been possible 
to verify that all the shell tools documented were only used 
to develop different stages of the ceramic manufacturing 
process. Glycymeris and Cerastoderma for smoothing, and 
only Cerastoderma for decorating, with no other use of these 
tools to work on other types of raw materials. On the other 
hand, we have been able to see that the wear levels of some 
tools are linked to their continued use. Therefore, these 
human groups had their own toolkits, which they preserved 
and kept for a long time. On the other hand, for other stages 
of the ceramic process, specifically for decorating, the tools 
had an expeditious use, that is, they used them and discarded 
them. This action is consistent with the ease with which you 
can find and collect Cerastoderma shells, and how easy it 
would be to fracture the shell at the site if necessary. This is 
something that we were able to verify during the preparation 
of the material for the experimentation (see 3.3.1.). Thus, we 
can hypothesize that this type of tool was prepared in situ 
due to the need to respond to a specific demand: to man-
age the cardial decoration of a specific vessel at a specific 
moment in time. However, other remains, such as smoothers, 
seem to have a specific morphology and characteristics that 
make them unique, and therefore not so easy to obtain. For 
this reason, it makes sense that Neolithic potters showed 
concern for preserving these tools, to reuse them and always 
be able to achieve this activity efficiently. In relation to this, 
it is worth mentioning the perforations found in some of 
these tools, which further support this theory.

The archaeomalocological study showed that some shells 
could initially be oriented towards a bromatological use, 
and later, to a technological use. However, in some cases 
we know from the taphonomic analysis and the pronounced 
marine abrasion that some shells were collected post-mor-
tem and, therefore, were only used as raw materials in the 
production of tools. This is the case of smoothers #27 and 
#249a. In this way, we are faced with evidence that shows 
an intentional selection of this type of tools, which also fits 
with their recurrent use and them being part of the stable 
toolkit of potters.

The research carried out has also allowed for a general 
interpretation of the context of Cabecicos Negros and to 

better understand the characteristics of the Neolithic occu-
pation. On the one hand, as we have already indicated, dur-
ing the ancient Neolithic this archaeological site functioned 
as a production and distribution centre of ornamental ele-
ments, basically bone and stone bracelets manufactured 
using lithic tools and with a high degree of standardization 
(Goñi-Quinteiro et al. 1999, Rodríguez-Rodríguez 1999). 
The results we have obtained show that some specific areas 
within the site were used to manufacture in situ at least part 
of the recovered ceramic production. This interpretation is 
based on the presence of smoothers and expeditive cardial 
decoration tools in some specific areas of the site. In this 
way, the hypothesis that could explain the presence of these 
tools at Cabecicos Negros, especially the expeditious ones, 
is that at least part of the ceramic production was carried out 
at the site itself. At the same time, it is worth mentioning 
that a study of the ceramic paste, which is currently under-
way, has allowed researchers to locate -near the site- the 
outcrops of clays that were exploited by the human groups 
of Cabecicos Negros (Clop-García, personal communica-
tion). Finally, regarding the type of ceramic production that 
took place at Cabecicos Negros, we propose that it would 
have been domestic in nature considering the small amount 
of remains found, and especially the lack of large combus-
tion structures. For this reason, we propose that the ceramic 
production at Cabecicos Negros would have been for the 
daily use of the group.

Conclusions

To conclude, highlight the importance of pottery studies, 
especially those related to the chaîne opératoire, to learn 
about past societies. Thus, as we have seen before, we can 
learn new things about people behind pottery production, 
their way of life, their social relationships, and their relation-
ship with their environment.

We must consider the interesting results obtained when 
we analyse archaeological remains using new perspectives. 
This is the case of the archeomalacological material, tradi-
tionally related as a food source, but through the application 
of functional analysis, we have been able to define differ-
ent types of uses, such as their participation in the ceramic 
manufacturing process.

Thereby, the study of other tools that took part in the 
ceramic production and the application of the functional 
analysis methodology have allowed us to confirm some-
thing that until now had not been proven, that is, the use 
of cardium shells to make cardial decorations on ceramics. 
In this way, besides confirming their use to make cardial 
decorations, we have also been able to characterize and 
define the use-wear traces through the development of the 
experimental program. In addition, we also see the different 
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types of management that each tool can have according to 
its functionality, for example, the reuse of the smoothers 
in contrast to the expeditious use of the cardial shell tools.
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