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ABSTRACT 

The oppida at Alarcos and El Cerro de las Cabezas (Ciudad Real, Spain) were two of the most important Iberian 
sites in the Proto-history (8th-3th centuries BC.) the Northern Oretania. Archaeological studies have been 
published since the 80s; however this paper is the first that provides archaeometric results from the chemical 
and mineralogical analysis of 107 ceramic fragments of Iberian common pottery. They have been analysed 
through X-ray diffraction (XRD) and X-ray fluorescence (XRF). From the chemical results, a statistical study 
has been carried out, which has allowed us to create reference groups (RG) and to determine the economic 
relationships between the two sites studied and their areas of influence. At a technological level, the results 
from the mineralogical analysis have allowed us to estimate the firing temperatures (EFT) and to classify the 
ceramic fragments into 3 fabrics with their respective temperature ranges. 

KEYWORDS: Iberian pottery, Iberian Proto-History, Alarcos, Cerro de las Cabezas, chemical analysis, min-
eralogical analysis, statistical treatment 
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1. INTRODUCTION 

The current province of Ciudad Real, in the centre of 
the Iberian Peninsula, is included in the group of terri-
tories that were part of the Northern Oretania, a wide 
region where a large number of settlements from the 
Iberian Era has been discovered. Two of the most re-
markable ones, because of their size and importance 

within their own territorial area, are the Iberian sites of 
Alarcos and El Cerro de las Cabezas. Both settlements 
have been subject of numerous archaeological cam-
paigns since the 80s, which has allowed us to, know 
better the life of the inhabitants who occupied these 
hills and controlled in large part the regions of 
Calatrava and La Mancha respectively (Fig. 1).  

 

Figure 1. Map of the Alarcos and El Cerro de las Cabezas and main Iberian sites in the Northern Oretania (Ciudad Real, 
Castilla-La Mancha). 

 
The Iberian site of Alarcos (Poblete-Ciudad Real, 

Ciudad Real) is located only 8 km away from the cap-
ital of the province, Ciudad Real, and it occupies a hill 
that rises 100 m above the valley of the Guadiana 
River. The first inhabitants took advantage of the 
raised position that allowed them to defend them-
selves and to control the ancient communication 
routes. The choice of this place is not an accident. The 
Iberians used to build theirs villages on these head-
lands and fortified them, in a typical construction 

called an oppidum. In Alarcos, the earliest archaeolog-
ical remains are dated to the late Bronze Age, but the 
hill was occupied uninterruptedly from the 9th cen-
tury BC to the 1st c. AD. The place was reused by the 
Muslims and Christians from the 8th century until its 
permanent abandonment in the 13th century. Alarcos 
is also known for being the place were Christian and 
Muslim troops clashed in the battle of 1195, which en-
tailed the defeat and the abandonment of the castle-
palace by the Christian Army (De Juan et al. 1995). 
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Figure 2. Map of the Iberian Site of Alarcos. 

 
The occupation during the Iberian Age is divided 

into three different stages, the Ancient and the Middle 
Iberian period, and a lesser-known one, the Late Ibe-
rian period, which coincides with the abandonment 
of the settlement. During the Ancient Iberian period 

(6th-5th centuries BC), the oretani of Alarcos extended 

over the whole hill (33ha). The Acropolis was proba-
bly placed on top of it, where the medieval castle was 
built. In this phase, the inhabitants used the quartzitic 
formations of the northern slope as a natural defence, 
and they also fortified the southern part. The oldest of 
the three documented necropolis, which is located in 
the Iberian Neighbourhood, belongs to this period 
(Fig. 2) (Fernández and García Huerta 1998). 

In the 5th-4th centuries BC (Middle Iberian Age), the 
site of Alarcos reached its maximum expansion due 
to population growth. This society developed a hier-
archy with appearance of a ruling class that con-
trolled production surpluses and the profits derived 

from commercial activities. These political and social 
changes are reflected in the different finds associated 
with this period: the sanctuary, the great store, the 
Iberian neighbourhood and the second necropolis 
(Fig. 2). The sanctuary of Alarcos is located between 
the main street and the medieval wall. It was occu-
pied from the 5th to 1th century BC, but it was also re-
used by medieval inhabitants, which has not allowed 
a complete excavation. Among the most remarkable 
archaeological objects are 60 ex-votos, some brooches 
(fibula), a small head of the divinity Astarte and ce-
ramics associated with funeral rites (Caballero and 
Mena 1987). The great store is a rectangular space 
(400m2) with a storage capacity of 1200 m3 to 75.000 
kg of grain, where a circular bread oven was discov-
ered. A large number of cereals and beans was also 
recovered there, that are actually further evidences of 
the economic, storage and food processing use of this 
place (García Huerta and Morales 2009; 2011, García 
Huerta et al. 2006; 2020: 58-67) (Fig. 3).
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Figure 3. Great Store. Red circle: Bread Oven. 

The Iberian neighbourhood is composed of two ar-
eas (eastern and western) separated by a main street 
(40m long-5m wide) that forms a homogenous set. 
One of the houses, the tripartite building, has been 
considered as the place from where the ruling classes 
controlled the surpluses and the commercial activities 
(Fernández 2009). 

Related to this period, a second necropolis was 
found, where some animal stone sculptures and a 
celto-italic helmet (5th and 3rd century BC respec-
tively) were recovered (de Juan et al. 2004). In 2013, 
the third necropolis was discovered in the southern 
part of the hill, beside the Guadiana River. The find-
ings are not published yet.  

Alarcos was probably abandoned in the 3rd century 
BC due to the arrival of the Romans, although the 
sanctuary area remained in use until the 1th century 
BC. In fact, other nearby sites such as El Cerro de las 
Cabezas or El Cerro de las Nieves (Pedro Muñoz, Ciu-
dad Real) were also abandoned in the same period, 

but in these cases it was because of the clashes be-
tween the Carthaginians and the local populations 
(Morales 2010).  

El Cerro de las Cabezas (Valdepeñas, Ciudad Real) 
is an Iberian oppidum located 70 km away from Alar-
cos on a hill that rises 150 m above the Jabalón River, 
a tributary of the Guadiana River. It is situated in a 
strategic position due to the trade routes that commu-
nicated the south with the north (Andalusia-northern 
plateau) and the west with the east (Extremadura-
Peninsular East) (Pérez and Vélez 1994; Blánquez 
2020). This site was also occupied during the later 
Bronze Age and remained populated until 225 BC 
when it was destroyed by the Punic troops com-
manded by Anibal (Vélez and Pérez 1996). In the later 
Bronze Age-Early Iron Age the flattest and lowest ar-
eas were populated. The archaeological materials re-
covered from this period, especially ceramics, show 
the relationships between El Cerro de las Cabezas and 
the Urnfield Culture and also with Tartessos (Esteban 
et al. 2003). 
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Figure 4. Urban Area of the Iberian site of El Cerro de las Cabezas. Black circles= potteries kilns. 

 

Figure 5. Southern Wall with bastions and casemates.  

The Iberian period (6th to 3rd centuries BC) is di-
vided into three phases in which the distribution of 
the village gradually changed according to economic 
and social transformations (Pérez and Vélez 1994). 
During these four centuries, the urban area was 
mainly situated on the southern slope, using a small 
part of the 14 ha of the site. The northern and the east-
ern slopes were used as natural defences.  

In the initial phase (6th to 5th centuries BC) the fol-
lowing facts should be highlighted: the reuse of ear-
lier ancient buildings that became larger, the elabora-
tion of the first wheel-made ceramics, and specially 
the construction of the defensive walls that sur-
rounded a large part of the hill. The acropolis was 
built at the highest point in the 4th century BC. It was 
a heptagonal enclosure from where the ruling class 
would exercise economic and political control (Vélez 
and Pérez 2000; Vélez et al. 2004; Torres et al. 2014).  

The urban planning of the village started in the sec-
ond phase (5th to 4th centuries BC) from the Main 
Street (4m wide) that distributed the space in 4 differ-
ent neighbourhoods and from whence it gave rise to 
other secondary streets. In Fig. 4, the predominance 
of the rectangular room is observed; some of them are 
identified as workshops, bread ovens, and ceramic-
metallic kilns. During this phase, the walls reached 
the maximum perimeter (1750 m), and they were re-
inforced using a defence system called cyclopean ma-
sonry, formed by a double wall and other defensive 
elements such as casemates, posterns and bastions 
(Fig. 5) (Torres et al. in press). The first Attic ceramics 
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appeared at the end of 6th or the beginning of 5th cen-
tury BC, used by archaeologists as an index fossil, co-
inciding with the disappearance of the autochthonous 
hand-made ceramics (Madrigal 2020).  

In the last phase (3rd century BC) a social growth is 
determined from the extension of the village to the 
southwest, although a great number of rooms re-
mained occupied. The Social and economic growth is 
also reflected in the creation of new kilns, workshops 
and in the specialization of labour. Regarding to re-
ligiosity, it is noteworthy that there were three sanc-
tuaries all used during the 3rd century BC. The most 
remarkable is an entrance sanctuary located on the 
main street, which was used as a religious centre, but 
also as a place to control the access to the village (Fig. 
4) (Moneo et al. 2001; Vélez and Pérez 2010). 

The site of El Cerro de las Cabezas, one of the most 
important and populated sites in the Iberian period, 
was sharply and definitively abandoned in the 3rd 
century BC.  

All the ceramic fragments analysed in this work are 
classified as Iberian Common Pottery and abbrevi-
ated in Spanish as IBC (Ibérica común). This pottery is 
characterised by its purified earthenware body, a 
high quality ceramic worked on the potter’s wheel 
with pictorial decoration (Mata and Bonet 1992). The 
process to produce this ceramic could be summarized 
in the following way. The first step was the selection 
and extraction of the clays from ponds1. Then, the 
clays were decanted to remove the largest inclusions. 
Thus, the potters obtained a refined clay body with-
out colourations. Before firing, the pieces were mod-
elled during wheel-throwing and after that, they 
could receive a slip coating called an engobe (a clay-
water mixture) or they could be polished to obtain a 
smooth and brilliant surface.  

Once dried, the pieces were decorated with picto-
rial and geometrical motifs (lines, concentric and semi 
concentric circles, bends, etc.) that evolved into a 
more sophisticated decoration in the last centuries; 
like human and animal figures, floral and epigraphic 
motifs, that led to the professionalization of the pot-
ters (Taradell and Sanmartí 1980). This sophisticated 
decoration may indicate the professionalization of the 
iberan potters. may be an evidence for The colour pal-
ette employed in decoration is rather limited, pre-
dominantly reds (vinous and matte), beiges, oranges 
and browns, coming from different mineral oxides. 
Another type of decoration is the stamp, which was 
elaborated when the pieces were not entirely dry 
(leather-hard). The site of El Cerro de las Cabezas is 
considered to be one of the most important centres of 

                                                      
1 Currently, it is unknown for us the exact location from where 
they obtained the raw materials, but both sites are located close to 
rivers with deposits of clay. 

stamped pottery production in the 3rd century BC 
(Fernández Maroto et al. 2007). Afterwards, the pieces 
were fired (single-firing) in an oxidizing atmosphere, 
reaching high temperatures, from 800ºC to 1000ºC 
(Antón 1973; Rincón 1985; Buxeda and Madrid 2003; 
Tsantini 2007; Cultrone et al. 2011, Compaña et al. 
2012; Rodríguez Corral, 2017; Liritzis et al., 2020). 
 The aim of this work is to archaeometrically char-
acterize 107 ceramic fragments of the Iberian Com-
mon Pottery (IBC) from Alarcos and El Cerro de las 
Cabezas, in order to establish reference groups and 
especially their provenance. The provenance concept 
is defined by Picon (1973), Weigand et al. (1977), and 
is used by other authors like Harbottle (1982), Hein et 
al. (2002) or Buxeda (2001). In summary, provenance 
studies are carried out to determine the origin of the 
raw materials used to produce the ceramics.  

In the historical context in which our study is 
based, Northern Oretania in the 5th-3rd centuries BC, 
the commercial and economic relationships between 
the settlements that occupied this territory with other 
regions in the Iberian Peninsula have been deeply re-
searched by Morales (2010) and García Huerta and 
Morales (2011). In both Alarcos and El Cerro de las 
Cabezas a large number of archaeological materials, 
especially ceramics have been found, which came 
from contacts with the Greeks and Phoenicians, 
whose presence in the Iberian Peninsula was even be-
fore the 5th century BC. On the basis of the chemical 
results and the subsequent provenance study, it will 
be possible to go deeply into these commercial, cul-
tural and economic relationships.  

2. MATERIALS AND METHODS 

In this work 107 sherds have been analysed. These 
include 53 fragments from Alarcos, 37 of them recov-
ered from the great store and 16 from two Iberian 
rooms located next to it. Another 54 sherds (50 IBC 
and 4 amphorae) coming from different parts of El 
Cerro de las Cabezas have been analysed (Figs. 4-5). 
Most of the analysed samples have been archaeologi-
cally or artistically dated between the 5th- 4th centuries 
BC. 

The chemical and mineralogical characterisation 
has been performed using X-ray fluorescence and X-
ray diffraction, which are two of the most used tech-
niques in this kind of work (Peña-Pozas et al. 2011). 
For sample preparation, the following process has 
been carried out: mechanical removal of the pictorial 
decoration using an IsoMet® 100 Buehler cutting saw, 



ARCHAEOMETRIC STUDY OF THE IBERIAN CERAMIC PRODUCTION FROM ALARCOS AND EL CERRO DE LAS CABEZAS 211 

 

Mediterranean Archaeology and Archaeometry, Vol. 21, No 3, (2021), pp. 205-227 

ultrasonic cleaning, drying in ovens at 100°C, grind-
ing and homogenizing in agate mills. For each ce-
ramic fragment, 10 g has been used.  

The mineralogical analysis has been performed us-
ing X-ray diffraction (XRD), working with powdered 
samples (about 1 g) below 50 μm. The equipment 
used to determine the mineral phases is a Philips PW-
1710 diffractometer with an automatic divergence slit 
and graphite monochromator, applying the copper 
Ka radiation wavelength (λ = 1.5405). The interpreta-
tion of results has been carried out using the X’Pert 
Highscore 3.0 software.  

The chemical analysis has been obtained through 
X-ray fluorescence (XRF) using a MagiX Super Q Ver-
sion 3.0 X-ray fluorescence spectrometer (Philips). 
The trace elements have been analysed using pressed 

pellets (8 g). To obtain the major and minor elements, 
it was necessary to make glassy pills using 0.5 g of 
powdered sample with 5 g of lithium tetraborate. The 
equipment used to fuse the mixture is a semi-auto-
matic Philips Perl’x 3 fuser. The loss on ignition has 
been determined by calcination of the samples at 
1100°C for 5h (for calibration standards see APPEN-

DIX Tables A1 and A2). 
The elements identified by XRF are Al2O3, Fe2O3, 

SiO2, MgO, MnO, TiO2, K2O, CaO, Na2O, Sc, V, Cr, Co, 
Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Ba, La, Ce, Pb, Th 
and Nd. The average and standard deviation of the 
chemical elements used in our study are presented in 
Table 1. The statistical analysis has been performed 
on the chemical results using the free R Software for 
statistical computing and graphics.  

Table 1 Chemical results for Alarcos and El Cerro de las Cabezas 107 ceramics with average and standard deviation for 
the chemical groups obtained through the statistical analysis. Major and minor elements in wt.%; trace elements in ppm 

(parts per million). =average, s= standard deviation.  
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3. RESULTS 

3.1. Chemical and statistical analysis  

The first estimates performed from the chemical 
analysis have allowed us to determine the existence 
of different groups in both sites, indicating that there 
is a heterogeneous production. In order to confirm 
these preliminary results, it is necessary to use statis-
tical techniques to process the chemical composition 
and to establish the different reference groups.  

For the statistical treatment the 28 chemical ele-
ments shown in Table 1 have been used. In this table 

they are expressed as the mean ( ) and standard de-
viation (s) of the total of the individual ceramics (Ic’s) 
to Alarcos and El Cerro de las Cabezas together 
within the 3 - 4 chemical groups determined from the 
statistical analysis: AG1 and AG2 to Alarcos, and CG1 
(CG1A and CG1B) to El Cerro de las Cabezas. The el-
ements W and Sn have been removed from the statis-
tical treatment because of the regression limits of the 
FRX equipment. There are also some elements which 
could have been altered during burial process like 
P2O5 (Lemoine and Picon 1982) which has been also 
removed, and CaO (Buxeda and Cau 1995), MnO 
(Picon 1985) or MgO. 

In order to compare the variability of the analytical 
corpus, the compositional variation matrix (CVM) de-
fined by Aitchison (1986) or Buxeda and Kilikoglou 
(2003) has been calculated. This matrix includes the 
total variation (vt), a value that quantifies and sum-
marizes the variability of the chemical composition. 

The value used theoretically to define a chemical com-
position as heterogeneous is around 0.3. If the vt is 
above this value, the chemical dataset should be con-
sidered as polygenic and not monogenic. A polygenic 
set could mean that a part of the Ic’s analysed has a 
different provenance. However, to reach this conclu-
sion, the CVM must be treated before as Aitchinson 
proposed (1981; 1982). He observed the existence of 
the spurious relationships between the different vari-
ables, i.e. the inexistent relation between them. The 
chemical composition provides relative information, 
not an absolute; therefore it is necessary to make a 
logratio transformation. This solution has also been 
extended by Aitchinson (1986) and by Buxeda (1999), 
who applied this formula to ceramic studies, using 
the additive logratio transformation (ALR) or the cen-
tred logratio transformation (CLR). The ALR transfor-
mation used in this work and developed by Guirao et 
al. (2014), implies the use as a divisor element, the one 
which provides the lowest chemical variability. This 
value is also obtained from CVM (Table 2). In this ta-
ble are briefly expressed the most important values: 
the τ.i, the vt/τ.i, the r and the vt for the whole data 
set (107 Ic’s), and for the different groups defined from 
both sites. The simbol vt is the total variation and τ.i 
is a greek Word (tau). τ.i is the sum of the values of 
each column of the MVC; It refers to the origin of 
compositional variation. In addition, these values can 
be given in relation to the value of the total variation 
(vt / τ.i), the lower this value, the greater the variation 
imposed by the element in question. 
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Table 2 The compositional relative variation of AG1, AG2 and CCG1 from Alarcos and Cerro de las Cabezas (107 ce-
ramics)  
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3.1.1. Alarcos  

The results from Alarcos (53 Ic’s) show a high chem-
ical variability due mainly to CaO, MnO and MgO, as 
shown in the element uniform chart (Fig. 6) and also 
in the vt, being 1.9198. The most plausible explanation 
is a multiple provenance (different sites or different 
source-areas). From the chemical and statistical anal-
ysis two groups have been defined: AG1 and AG2 
(Fig. 7).  

AG1 is formed by 14 samples recovered from two 
rooms outside the great store. This group has a vt of 
0.7113, due mainly to the high variability of MgO (τ.i= 
4.8060; vt/τ.i=0.1306) and MnO (τ.i=4.6856; 
vt/τ.i=0.1340). The element with least variability, Y 
(τ.i= 0.6483; vt/τ.i=0.9688) is used as the divisor ele-
ment in the logratio transformation. The variability of 
MgO and MnO is due to the disparate values (MgO, 
A52=1.42%; A41=5.37%; MnO, A42=0.02%; 
A38=0.08%). In the case of Na2O, it could be related to 
an alteration process during burial (Buxeda 1999). 
These 14 samples have been initially considered as lo-
cal products although their chemical compositions 
are not comparable with the other chemical group of 
Alarcos.  

AG2, composed of 21 Ic’s has a vt of 0.4211. This 
value is slightly higher than the theoretical 0.3 men-
tioned above but it should be still considered as a 
monogenic production. The variability is mainly due 
to MgO (τ.i= 3.3828; vt/τ.i=0.1245) – according to Table 
2 vt/τ.i=0.1245 and its consequently high standard de-
viation (s=1.38). The other elements are again MnO 

(τ.i= 1.6372; vt/τ.i=0.2572) - according to Table 2 τ.i= 

1.6372; vt/τ.i=0.2572, Ba (τ.i= 1.6016; vt/τ.i=0.2629) - ac-

cording to Table 2 vt/τ.i=0.2629 and Na2O (τ.i= 1.3692; 
vt/τ.i=0.3075) - according to Table 2 τ.i= 1.3692 and in 
lesser extent CaO, Co and Zr.  

In the Fig. 7 there are 11 Ic’s (A6, A15, A16, A28, 
A45, A32, A48, A33, A8, A21 and A29) that remain 
outside the two groups defined, so it could mean that 
they have another provenance. Samples A32 and A33 
are fragments of handles and they present a different 
composition visible to the naked eye, therefore both 
samples could have been made in Alarcos although 
their chemical compositions are quite different. There 
is a small non-calcareous group (A13, A18 and A30) 
and others 5 Ic’s (A19, A26, A23 and A36) that are sit-
uated near to AG2. Therefore, 18 of the 53 Ic’s analysed 
remain unclassified.  

 

Figure 6. Uniform Chart of the 53 samples of Alarcos: the y-axis corresponds to τ.i and the x-axis to the 28 studied ele-
ments. 
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Figure 7. Dendrogram of Alarcos showing the main groups. The method of grouping used is by centroid links and the 
squared Euclidean distance. 

There are some plausible explanations to interpret 
the differences between AG1 and AG2. From the 
chemical results it can be affirmed that AG2 is the ref-
erence group (RG) of Alarcos, but it is not so evident 
in the case of AG1 and this group could have another 
provenance. Another option would be the use of 
other raw materials richer in aluminium and with 
lower levels of SiO2 and K2O. In order to demonstrate 
this option, it would be interesting to identify the 
source area(s) from where the raw materials were rec-
ollected in Alarcos.  

3.1.2. Cerro de las Cabezas 

The calculations based on the 54 sherds show a pol-
ygenic sampling, with a vt of 1.2081. The variability is 
due to the MnO, MgO, CaO, Sr, Zn and Na2O (Fig. 8). 

However, in Fig. 9 a large cluster can be observed, 
CG1, formed by a great number of individuals (39 - 
54). This CG1 has been subdivided into two groups, 
CG1A and CG1B composed for 17 and 22 Ic’s respec-
tively, in order to analyse their own particularities.  

CG1 is characterised by a 0.4466 vt, whose greater 
variability is due again to the CaO (τ.i= 3.3269; 
vt/τ.i=0.1342) - according to Table 2 τ.i=3.3270, the 
MgO (τ.i= 2.4632; vt/τ.i=0.1813) - according to Table 2 
τ.i=2.4633, the MnO (τ.i= 1.919; vt/τ.i=0.2326) - accord-
ing to Table 2 τ.i=1.9198, and the Sr (τ.i= 1.9517; 
vt/τ.i=0.2288), being the element with less variability. 
The CaO is in fact the main element that separates 
CG1 into two subgroups, CG1A being the most cal-
careous (Table 1).  
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The vt for CG1A and CG1B are 0.3484 and 0.2972 
respectively. Therefore, both groups can be classified 
as monogenic and the differences between them are 
not sufficient to consider that these two subgroups 
have a different origin. In fact, exist a small group 
formed by CC50-CC38-CC28-CC29 and CC49 could 
also be part of the CG1. These 5 Ic’s are mainly condi-
tioned by their high levels of CaO and low levels of 
SiO2 and TiO2 compared to the average of group CG1.  

Individuals CC20, CC26 and CC27 compose a little 
group but with considerable chemical differences be-
cause of their low levels of SiO2 and their high levels 

of Al2O3. The MgO levels of these three samples 
(around 1%) are far below the average of MgO in El 

Cerro de las Cabezas ( =3.64%). In fact, these ceramic 
fragments have their own mineralogical composition 
which will be discussed in the next section. 

Individuals CC32, CC8, CC48, CC16, CC32, CC9, 
CC44 and CC45 are isolated, maybe because they 
have a different provenance. The amphorae analysed 
(ANF1-4) are grouped in CG1, so it is deduced that 
they were made in el Cerro de las Cabezas.  

 

Figure 8. Uniform Chart of El Cerro de las Cabezas: the y-axis corresponds to τ.i and the x-axis to the 28 studied ele-
ments. 
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Figure 9. Dendrogram of El Cerro de las Cabezas showing the main groups. 

3.1.3. Alarcos and Cerro de las Cabezas  

In Table 2 are presented the values from the CVM 
which indicate a vt of 1.8826, the elements with 
greater variability being CaO, MnO, MgO, Ba, Nd and 
Na2O. Nb is used in the logarithmic transformation. 
The cluster analysis presented in Fig. 10 is calculated 
using the 28 elements used thus far. However, the 
same dataset has been treated by removing certain 
chemical elements like MgO, MnO, even using only 
trace elements. MgO and MnO are two elements that 
could have been altered during burial, and together 
with CaO, they have always been the elements which 
have provided the greatest variability in the dataset. 
It is impossible to present each of the calculations per-
formed. Therefore, the interpretation that follows is 

actually a summary of all these. The clusters repeated 
in all the calculations and also the new possible 
groupings have been taken into consideration.  

3.1.4 Classified Samples from Alarcos: AGs and 
CC/CCG(s) from El Cerro de las Cabezas 

 AG1 is formed again by the same 14 samples 
from Alarcos recovered from two rooms next to 
the great store. Sample A48 was left out of this 
group in Fig. 7 and also in Fig. 10, but probably 
belongs to AG1.  

 AG2 was presented as a group composed of 21 
Ic’s which can be subdivided into two small 
groups (Fig.7). This first group (8 - 21), is well de-
fined in those published calculations and also in 
those that are not (A1, A3, A5, A9, A10, A11, A12, 
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A22). A35 should be also included to AG2. The 
other 12 Ic’s are somehow linked (A2, A4, A7, A14, 
A17, A20, A24, A25, A27, A31, A34, A37) but in 
this poorly defined cluster are also some samples 
coming from CG1A from El Cerro de las Cabezas 
(CC3, CC7, CC11, CC15, CC30, CC37, CC40 and 
CCANF1). Thus, if an euclidean distance higher 
than 1.5 is taken as a reference, this group be-
comes a larger cluster with non-provenance de-
fined. However, in calculations removing MgO 
and MnO, this subgroup of Alarcos remains fully 
bonded, and it only confirms the joining of CC7, 
CC11 and CC37 to this RG. This could mean that 
these three samples were made with the same 
raw materials as those of Alarcos. 

 CCG1A was initially composed by 17 Ic’s (Fig.8), 
but subsequent calculations provided a new per-
spective. In Fig. 10, 7 of these 17 Ic’s (CC47, CC25, 
CC5, CC12, CC17, CC21 and CC23) are located 
within the larger group from El Cerro de las Cab-
ezas, a distribution that is repeated in other cal-
culations. CC2 moves away from the reference 
groups and CCANF1 and CC13 bind to CC28, an 
Ic’s close to the CCG1A in Fig. 8. The remaining 
samples (7 Ic’s) have already been explained in 
the AG2 section.  

 CCG1B formed by 22 Ic’s remains the same, but 
includes 7 samples from CCG1A and 4 Ic’s from 
Alarcos (A23, A19, A26 and A36), therefore these 
last ceramics would have been made in El Cerro 
de las Cabezas instead of Alarcos. A new CVM 

has been calculated for these 33 Ic’s, with a vt 
0.3399, which confirms that this group has a 
monogenic origin.  

3.1.5 Unclassified Samples 

From the dendrogram (Fig.10) it stands out that 
there are a significant number of samples not classifi-
able into any reference group. In the case of Alarcos, 
13 of the initial 14 Ic’s are kept isolated from the main 
groups even in the calculations from which various 
chemical elements have been removed. Only A48 
would join AG1. In El Cerro de las Cabezas the same 
initial 10 Ic’s unclassified in Fig. 9 remain in the same 
way. 

From the chemical and statistical analysis, it can be 
said that the ceramics in El Cerro de las Cabezas pre-
sent a more homogenous production output. The sub-
groups CG1A and CG1B from El Cerro are part of a 
single reference group (RG) with more than 33 Ic’s, in-
cluding 4 samples from Alarcos. For Alarcos there are 
two RG composed of 14 Ic’s (AG1) and 22 Ic’s (AG2) 
respectively. As it was discussed above, the vast ma-
jority of the samples in Alarcos come from the great 
store, a reception and food storage place, which prob-
ably received ceramics from the farmland areas under 
Alarcos influence, confirming the dominant role of 
this oppidum over the rest of the nearby settlements. It 
has been also determined that there existed some kind 
of commercial or economic exchanges between Alar-
cos and El Cerro de las Cabezas. 
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Figure 10. Dendrogram of Alarcos and El Cerro de las Cabezas showing the main groups. 
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3.2. Mineralogical Analysis  

The XRD study of the 107 ceramic fragments has 
been carried out to determine the different crystalline 
phases. From the results obtained, these samples have 
been grouped according to their composition and 
their estimated firing temperature (EFT). The miner-
alogical and chemical results have been compared to 
determine the particular characteristics of each chem-
ical group.  

Every sample analysed has a similar composition 
based on quartz (SiO2), calcite (CaCO3), potassium 
feldspars (KAlSiO8), gehlenite (sorosilicate), pyrox-
enes (calcosilicate or magnesium silicate), hematite 
(Fe2O3) and phyllosilicates (illite-muscovite). During 
the firing process, the primary mineral phases of the 
ceramics decompose and form new mineral phases 
(firing phases). Specifically, the absence or presence 
of some minerals, allows the firing temperatures to be 
estimated. Table 3 presents the distribution of the 
samples according to their EFT in three fabrics (Whit-
bread 1989), being on the same line as the samples 
published in Guirao et al. (2013). The great majority of 
the analysed sherds are calcareous (CaO>4-5%), 
which significantly affects the formation of particular 
types of new minerals phases. There are also a signif-
icant number of samples whose CaO levels are lower 
than 4-5% (A8, A13, A15, A16, A18, A21, A30, CC8, 

CC24 and CCANF2) which remain unclassified in re-
lation to the reference groups determined. Samples 
A13, A18 and A30 form a little group in Figs 7 and 10, 
and samples A8, A15, A16 and A21 from Alarcos and 
CC8 from El Cerro de las Cabezas are in the same sit-
uation. Only samples CC24 and CCANF2 
(CaO=4.59% and 4.24%) take part of the CG1B (Fig. 
9). The presence of CaO in ceramics is usually related 
to primary calcite, but it should also be considered as 
a secondary calcite formed during burial (Buxeda and 
Cau 1995). In fact, this phenomenon has been deter-
mined in 5 non-calcareous samples (A13, A18, CC8, 
CC24 and CCANF2) which also present other firing 
phases like enstatite or magnesium and ferric olivine. 
Dolomite, a calcium magnesium carbonate has also 
been detected, a mineral that indicates low firing tem-
peratures because it should be totally decomposed at 
800°C. However, this mineral has been found in some 
samples with an EFT higher than 850°C (Baziotis et al., 
2020; Xanthopoulou et al., 2021) what means it could 
have a secondary origin. At any rate, set criteria for 
firing temperature determination in ancient ceramics 
involving e.g. presence of mullite or muscovite or il-
lite and associated observed kinetic reactions have 
been discussed elsewhere, for temperatures ca 800oC 
to 1000oC (Baziotis et al., 2020; Xanthopoulou et al., 
2021).  

Table 3 Classification of 107 ceramic samples according to their EFT and place of origin: an asterisk indicates the sam-
ples with talc; a hash indicates reclassified samples.  

 

Individuals A38 - A53 (except A45) from Alarcos 
(AG1) and three more from el Cerro de las Cabezas 
(CC20-CC26-CC27) present reflections at 3.11 Å and 
9.35 Å, assigned to talc, a magnesium silicate. This is 
a strange mineral not present in a wide area and 
rarely used in ancient pottery. It could be used as a 
flux in low-fired clay bodies, but, in this case, it is an 
incognito that remains unclarified. Only a ceramic 
fragment from the iberroman site of La Bienvenida-
Sisapo also (fig. 1) has talc (Fernández Ochoa and Zar-
zalejos 2011/12). This site is near to Almadén, an area 

which is known for its cinnabar mines (exploited by 
the Romans) and where the presence of talc is also 
documented (Higueras 1997). The samples with talc 
in Alarcos are 14, forming a single group in Figs 7 and 
10. Individuals CC20, CC26 and CC27, also with talc, 
are not located in any group. AG1 has a very different 
chemical and mineralogical composition compared to 
the other samples from Alarcos. It would be interest-
ing to analyse more samples from Alarcos and La 
Bienvenida to determine the provenance of this group 
from the traceability of the talc.  
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Figure 11. Upper diffractogram: CC4, representing Fabric 1; central diffractograms: CC35, representative Fabric 2; bot-
tom diffractograms: A34 and A39, representing Fabric 3. I-M, illite-muscovite; Pl, plagioclase; Kf, Potassium Felspars; 

Qtz, quartz; Cal, calcite; Px, pyroxene; Gh, gehlenite; Dol, Dolomite; Tlc, Talc; Hem, Hematite. Abbreviations after 
Kretz (1983).  
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In Table 3 all the samples are classified according 
to their EFT and their chemical groups:  

Fabric 1 (F1): It is formed by samples with primary 
crystalline phases corresponding with phyllosilicates 
(illite-muscovite - 10 Å), quartz (3.34 Å), calcite (3.03 
Å), dolomite (2.88-2.89 Å), hematite (2.69-2.70 Å) and 
potassium feldspars (3.24 Å). The presence of these 
minerals, all of them associated with low firing tem-
peratures, and the absence of gehlenite and pyrox-
enes suggest an EFT between 750°C and 800/850°C 
(Fig. 11, upper diffractogram).  

Fabric 2 (F2): This group is characterized by an in-
itial presence of gehlenite, an Al-rich silicate which it 
is formed from the decomposition of calcium and al-
uminium in calcareous ceramics around 900°C (Mani-
atis et al. 1983). Gehlenite starts to decompose at 
1050°C. The phyllosilicates in fabric 2 are not com-
pletely decomposed and the calcite which decom-
poses around 900°C, still remains. The samples in-
cluded in this group are considered as well-fired and 
the EFT assigned should be between 850°C and 900°C 
(Fig.11, central diffractogram).  

Fabric 3 (F3): Samples with the highest firing tem-
perature are related to the third fabric. Phyllosilicate 
peaks have almost completely disappeared and rela-
tive intensity of calcite is lower than in the other 
groups. Further, individuals in this group have a 
main peak at 3.20Å and also at 2.89 Å which are as-
signed to plagioclase (calcium feldspars) and pyrox-
enes (diopside or augite) respectively. Based on these 
new phases, together with an increased presence of 
gehlenite, an estimated firing temperature between 
900°C and 950°C is assigned to this group (Fig.11, bot-
tom diffractogram).  

 According to Table 3, all the samples of group AG1 
are located in F3. Most of the samples from AG2 are 
situated also in F3, and only 3 samples are in F1 and 
F2. Unclassified samples are distributed in the 3 fab-
rics proposed. Samples from El Cerro de las Cabezas 
are classified almost equally between F1-F2 and F3, 
although the large majority are in the fabrics with 
higher temperature assigned.  

In summary, most of the samples analysed have 
reached optimum firing temperatures and they are 
within the usual ranges determined in Iberian pottery 
from other archaeological sites (Antón 1973; De An-
drés et al. 1984; Rincón 1985; Soria and Córdoba 1994; 
Parras et al. 1997, Buxeda and Cau 1998; Tsantini et al. 
2003; Buxeda and Madrid 2003; Tsantini et al. 2005; 
Tsantini 2007; Compaña et al. 2012). In Alarcos there 
is a tendency to fire at higher temperatures compared 
with El Cerro de las Cabezas and also with greater ho-
mogeneity, since almost all samples from Alarcos are 
situated in F3, and F1 and F2 are represented for those 
samples that remain outside the chemical groups.  

 

4. CONCLUSION 

In this study, 107 Iberian fragments from two of the 
most important archaeological sites in the northern 
Oretania have been archaeometrically studied. From 
the chemical statistical and mineralogical analysis, it 
has been determined that two reference groups exist 
in Alarcos (AG1 and AG2) and a big one in El Cerro 
de las Cabezas (CG1). AG1 has a very particular 
chemical and mineralogical composition that make us 
question their true provenance. The presence of talc 
in this group, and also from 3 more samples from El 
Cerro de las Cabezas, could be the key to discover a 
new production centre in the region. On this point, 
only AG2 should be considered as a reference group 
in Alarcos. On the other hand, a greater homogeneity 
in ceramic production has been demonstrated for El 
Cerro de las Cabezas in comparison with Alarcos. A 
plausible explanation for these differences could be in 
the sampling strategy. Most samples analysed from 
Alarcos were collected in the great store, a space 
where ceramic materials from other settlements that 
were under the influence or the economic control of 
Alarcos were accumulated. Even so, it is necessary to 
remember that the sampling from El Cerro de las Cab-
ezas has been much more heterogeneous than at Alar-
cos, and any sample comes from a space related to the 
receipt or storage of food. From the conclusions men-
tioned, we consider the possibility to carry out a 
broader sampling in Alarcos (sanctuary, Iberian 
neighbourhood, etc.) and an analysis of samples from 
one store of El Cerro de las Cabezas. 

In relation to trade flow economic relationships be-
tween the two sites studied have been confirmed, 
thanks to the finding of at least 4 samples recovered 
in the great store of Alarcos but produced in El Cerro 
de las Cabezas. There is also a large number of unclas-
sified samples, some of them with chemical similari-
ties composed of little groups, but others with a suffi-
ciently disparate chemical composition to assure that 
they have another provenance. The existence of these 
unclassified samples is further evidence of the com-
mercial exchanges between these production centres 
with other Iberian villages.  

The mineralogical study has provided some signif-
icant data about the particularities of each group. All 
the samples from AG2 contain dolomite, and talc is 
only determined in AG1 and CC20-CC26-CC27. Mus-
covite is a micaceous mineral determined in El Cerro 
de las Cabezas products which could be used as an 
identifying mineral of this site. Regarding the EFT, 3 
fabrics have been determined with different tempera-
ture ranges, whose main difference is the absence of 
firing phases in fabric 1. In any case, all the samples 
analysed are well-fired and it can be said that Iberian 
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potters from Alarcos, El Cerro de las Cabezas and oth-
ers nearby settlements (unclassified ceramics) pro-
duced a high quality ceramic and they also controlled 
each of the required steps for production of the most 
widespread pottery in the Iberian period.  

In summary, in this paper are presented the first 
results from the archaeometric characterisation of Ibe-
rian Common Pottery from two of the most important 

sites in Northern Oretania, but it is only the first step 
of our true goal: to characterize the ceramic products 
from more settlements of this historical region and to 
deepen in the knowledge of the routes used during 
the pre-Roman Era. 
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APPENDIX 

Table A1. Reference patterns used for majority and minority elements 

Nomenclature. Type Reference Origin 

GB07103 Granite NCSDC73301 China 

GB07104 Andesite NCSDC73302 China 

GB07105 Basalto NCSDC73303 China 

GB07106 Sandstone NCSDC73304 China 

GB07107 Shale NCSDC73305 China 

GB07109  Syenite NCSDC71301 China 

VS-2123-81 Urtita  Russia 

VS-3485-86 Sedimentary Rock  Russia 

BCS-313-1 Sand  England 

 
 
 

Table A2: Reference Patterns used for trace elements 
 

Nomenclature Type Reference Origin 

GB07103 Granite NCSDC73301 China 

GB07104 Andesite NCSDC73302 China 

GB07105 Basalto NCSDC73303 China 

GB07106 Sandstone NCSDC73304 China 

GB07107 Shale NCSDC73305 China 

GB07109  Syenite NCSDC71301 China 

VS-2123-81 Urtita  Russia 

VS-3485-86 Sedimentary Rock  Russia 

BCS-313-1 Sand  England 

GB07108 Limestone NCSDC73306 China 

GB07114 Dolomite NCSDC71306 China 

VS-3192-89 Limestone  China 

VS-3139-89 Limestone  China 
 

 


