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A B S T R A C T   

The sixty ceramic individuals studied in this project were recovered in Empúries county, including a few ce-
ramics from Besalú and Rosselló counties (Catalonia) for comparison. These ceramics, dated to the 10th—11th 
centuries AD, belong to a historical period related to the creation and consolidation of the Catalan Counties. This 
period is poorly studied from an archaeological point of view, so there is little information about ceramic pro-
duction and distribution, which this research aims to change by identifying the provenance and some elements of 
the manufacturing techniques. For this purpose, the ceramic sherds have been chemically and mineralogically 
characterised by X-ray fluorescence (XRF) and X-ray diffraction (XRD), respectively. Their microstructure and 
sintering state have been determined by scanning electron microscopy coupled to energy-dispersive X-ray 
spectroscopy (SEM), and petrographic analyses have been performed, too. Results confirm distribution patterns 
and the evidence of similar technical traditions in different Counties. Finally, the contrast with the database 
enables us to relate some of the individuals analysed in this study to some others from the area of the County of 
Empúries dating from the Visigoth period (7th—8th centuries) in line with their exceptionally high concentra-
tions of Na2O.   

1. Introduction and objectives 

The Islamic occupation of the Iberian Peninsula started in AD 711. 
During the 8th century, a fast expansion took place, creating the Islamic 
territory of Al-Andalus, which extended by almost all of the Iberian 
Peninsula and some areas of the Southeast of current France. In 732, the 
Carolingian army defeated the Islamic troops at the Battle of Tours (or 
Poitiers), which led to a fast retreat to the area of the Pyrenees. Since the 
9th century, following the Carolingian expansion, several Christian 
counties were created in the area of current Catalonia (Ribagorça, Pal-
lars, Urgell, Cerdanya, Osona, Girona, Barcelona, Besalú, Empúries and 
Rosselló). Nevertheless, the different counties’ territory would undergo 
modifications until 1402, when all the counties would form part of the 
domain of the Count of Barcelona (Abadal 1950). 

These Catalan Counties were, at first, politically dependent on the 
Carolingian monarchs. Nevertheless, they started to establish some 

degree of independence after the refusal of Carolingian king Lothair of 
France to help the Catalan territories against the looting of Barcelona by 
the Islamic military leader al-Mansur in 985. Consequently, in 988, 
Count Borrell II of Barcelona refused to renew his vassalage pact with 
King Hug Capet of France, the first king of the Capetian dynasty after the 
extinction of the Carolingian one. This independence process with 
respect to the monarchs of France was legally completed in 1258 with 
the Treaty of Corbeil (Feliu i Montfort, 2007; Cingolani, 2010), but from 
1162 onwards, the Count of Barcelona was already also the King of 
Aragon, even if the County of Barcelona and the Kingdom of Aragon 
were separate entities under the same ruler, forming the Crown of 
Aragon. 

This study focuses on characterising a ceramic set recovered in 
several archaeological sites in the County of Empúries, with a few ce-
ramics from the counties of Rosselló and Besalú for comparison (Fig. 1). 
These ceramics are dated between the 10th and the 11th centuries, 
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according to stratigraphy and typological analysis. That is, between the 
last decades of the Carolingian domain of the Catalan Counties and the 
first steps through their de facto independence. Despite being a moment 
of political instability and change, the study of the material culture 
associated with this period has deserved little attention from scholars 
(Abadal 1961; Bonnassie 1979; Passarrius,Donat and Catafau, 2008; 
Puig Griessenberger, 1996; Rendu, 2003; Salrach, 1993). 

Regarding the archaeological contexts from the County of Empúries, 
Sant Martí d’Empúries (from now onwards, EMP) (42◦08′24″ N, 3◦07′04″ 
E) was the first capital of this County since its creation at the beginning 
of the 9th century. The recovered samples were in a silo (dug structure 
used to store grains) dating back to the 8th-11th centuries (Aquilué and 
Burés, 1999: 423-426). This town suffered several maritime attacks 
during the 10th century, and the capital was transferred to Castelló 
d’Empúries (CDE) (42◦15′35″ N, 3◦04′24″ E) in the 11th century, from 
where most of the studied individuals came. The ceramics recovered in 
CDE belong to the preparation of the ground for building the Roman-
esque Basilica of Santa Maria (1064) and date from the 10th-11th cen-
turies (Bolòs and Hurtado, 1998, 36; Puig 2018, 6). Finally, the Santa 

Creu de Rodes (SCR) settlement (42◦19′34″ N, 3◦09′39″ E) is the last one 
of the contexts sampled in the County of Empúries. This site was founded 
at some point in the 9th-10th centuries. The site has a pre-Romanesque 
church, a small necropolis, and some houses, and will last until the 15th 
century (Ollich, 1999). The ceramics analysed have been dated to the 
11th century and belong to the archaeological layers covering the 

necropolis; after this phase, some houses were built over (Ollich et al., 
2018). 

For comparison, we have considered two ceramics from the 
archaeological site of Torre Lardera (TLB) (42◦12′00″ N, 2◦41′36″ E) in 
Besalú—the capital of the County of Besalú—, one of the towers that 
would be part of the medieval city walls. The ceramics were found in 
some silos in layers dating back to the end of the 10th century (Frigola, 
2011; Valenzuela,Madroñal and Frigola, 2013; Frigola,Madroñal and 
Valenzuela, 2014). Moreover, two archaeological sites have been 
considered for the northern County of Rosselló, north of the Albera 
range, which makes up the Eastern area of the Pyrenees. On the one 
hand, Camp del Rei (CDR) (42◦44′49″ N, 2◦48′24″ E) is in the town of 
Baixàs, a settlement founded during the Carolingian occupation of this 
area. Up to now, CDR is the most representative archaeological site 
studied in Rosselló for the Early Medieval times, as it has the highest 
number of structures and materials identified for this phase. The ce-
ramics recovered here correspond to the 10th-11th centuries, and they 
were found in a silo located in a storage area of the settlement (Passarrius 
and Catafau 2001, 109-132; Passarrius,Donat and Catafau, 2008, 48). 

Fig. 1. Location of the sampled sites. Black dots: archaeological sites sampled for this project; Green dots: archaeological sites related to the sampled ceramics. The 
following acronyms for archaeological sites will be used along the paper: CDE, Castelló d’Empúries; EMP: Sant Martí d’Empúries; SCR: Santa Creu de Rodes; TLB: 
Besalú; PGR: Puig-Rom; CDR: Camp del Rei; VIL: Vilarnau. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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On the other hand, Vilarnau (VIL) (42◦41′43″ N, 2◦53′23″ E)1 is similar to 
CDR, as they are very close sites corresponding to the same chronology. 
The ceramics recovered here have been found in a silo dating from the 
10th-11th centuries (Passarrius, Donat and Catafau 2008, 398-399). 

2. Materials and methods 

2.1. Materials 

This paper contributes to fill in the gap in Medieval studies of ma-
terial culture by analysing for the first time a considerable number (60) 
of ceramics recovered in several archaeological sites to understand the 
provenance and circulation of the analysed ceramics. The sampled ce-
ramics correspond to 34 undetermined fragments—18 with a spatulated 
surface treatment surface (i.e., a surface smoothed with a stick or spat-
ula)—, and 26 sherds that can be classified into cooking ware (9 casse-
roles and casserole covers, 3 cooking plaques and 8 cooking pots) and 
coarse ware (1 sitra and 5 pitchers). Among the cooking ware, we must 
highlight the cooking plaques that seem characteristic of early medieval 
contexts in this area, as they have not been identified in other chro-
nologies or places (Passarrius,Donat and Catafau, 2008, 401 and 439). 
They are a circular and plain ceramic individual approximately 2 cm 
thick and 40–50 cm in diameter that should be tentatively used on fire as 
a cooking device. Concerning coarse ware, we must highlight the pres-
ence of a sitra, a specific type of pitcher characteristic of the Carolingian 
material culture, having a spout, a high plain handle and a spatulated 
surface. Sitres seem to have originated in the Rhine Valley and were 
introduced in Catalonia after the Carolingian conquest (Riu, 1984, 35), 
becoming the most distinctive element of the Carolingian material cul-
ture and lasted until the 11th century. All these ceramics are coarse and 
handmade. The distribution of the ceramic types analysed among the 
different archaeological sites is detailed in Table 1 and Table 1 of the 
Supplementary Material. It must be noted that individuals CDE141 and 
142 have been classified as casseroles or cooking pots as they could not 
be defined because of the size of the sherds. Detailed drawings and 
photographs of the most representative ceramics can be found in Fig. 8, 
which illustrates the classification of the ceramics in the significant 
chemical groups defined. 

2.2. Methods 

All individuals have been characterised chemically through wave-
length dispersive X-ray fluorescence (WD-XRF) and mineralogically 
through powder X-ray diffraction (PXRD). A subsample of carbon-coated 
20 individuals was studied by scanning electron microscopy with 
energy-dispersive X-ray spectroscopy (SEM-EDX) (Table 1). The petro-
graphic observations were made on 21 individuals using an Olympus 
BX43P microscope. Fabric description has been made considering the 
Whitbread’s system (Whitbread, 1989,1995,2016), but due to the small 
number of individuals and the variability encountered, we prefered to 
summarise the petrographic features in a table (Supplementary Mate-
rial, Table 2). 

A detailed description is in the “Methods and Protocols” document in 
the Supplementary Material. 

3. Results 

3.1. Chemical analysis 

The results of elemental concentrations determined by WD-XRF 

(Table 3 of the Supplementary Material) are compositional data that 
have been alr (additive log-ratio) and clr (centred log-ratio) transformed 
(Aitchison, 1986; Buxeda i Garrigós, 1999; Egozcue and Pawlowsky- 
Glahn, 2011; Martín-Fernández et al., 2015; Buxeda i Garrigós, 2018). 
The statistical data treatment of the chemical data was performed using 
R (R Core Team 2022). The first analysis carried out was to calculate the 
variation matrix that completely determines the covariance structure of 
compositional data and provides the total variation (tv) of the analysed 
ceramic assemblage (Fig. 2) (Aitchison, 1986; Buxeda i Garrigós and 
Kilikoglou, 2003). The total variation (tv) for the overall data set equals 
1.2, which indicates a polygenic group. If the total variation quantifies 
how different the chemical data are, the information entropy, or Shan-
non index, quantifies how evenly the chemical differences are related to 
the retained components. The compositional evenness graph reveals 
that the elements that introduce more variability are CaO, Ni, and Na2O 
(τ.j < 0.3, i.e., tv accounts for less than 30 % of the trace of the var-
iance–covariance matrix after an alr transformation using any of these 
elements as a divisor), and, to a lesser extent, V, Cr, Sr, Ba, and MnO (0.3 
< τ.j < 0.5). All these indicators show that even if the chemical vari-
ability is linked to a few elements, the composition varies significantly in 
all retained components (the information entropy has a value of 3.7 Sh, 
i.e., 81.69 % of the maximum attainable), meaning that many elements 
are introducing significant variability in the analysis. Regarding CaO, 
the variability is probably due to the composition of individual CDE151 
(CaO = 4.11 %), which exhibits a significantly higher CaO concentration 
than the rest of the individuals analysed (Table 3 of the Supplementary 
Material). 

As a summary of all the exploratory data analysis, a dendrogram was 
obtained from the cluster analysis performed on the 60 individuals 
studied using the square Euclidean distance and the centroid agglom-
erative algorithm on the clr transformed subcomposition Na2O, MgO, 
Al2O3, SiO2, K2O, CaO, TiO2, V, Cr, MnO, Fe2O3, Ni, Zn, Sr, Ce, Zr, Nb, 
and Ba. This graph showed a structure divided into five chemical groups 
plus seventeen ungrouped individuals, from which individual CDE151 
significantly differs. To further investigate these groups, as well as the 
still ungrouped individuals, we compared these results with 194 in-
dividuals from the ARQUB research unit database, chronologically or 
geographically close to the contexts studied: (i) a possible ceramic 
production from CDE dating from the 15th—16th centuries (Buxeda i 
Garrigós and Madrid i Fernández, 2016b); (ii) one individual from the 
archaeological site of Ruscino (42◦41′43″ N, 2◦53′23″ E) and seven 
Visigoth ceramics recovered in the fortress placed in Cap de Creus of 
Puig-Rom (Roses, County of Empúries) (42◦15′06″ N, 3◦11′13″ E), and 
dating from the 7th—8th centuries (Buxeda i Garrigós et al., 2018, 
Subías Pascual et al., 2016, 2020); some ceramic individuals recovered 
in (iii) the plaça del Rei, (iv) Saló del Tinell, (v) and Pedralbes ceramic 
kiln (Barcelona, County of Barcelona) (41◦23′35″ N, 2◦10′10″ E), corre-
sponding to different archaeological contexts between the 6th and the 
8th centuries (Beltrán de Heredia et al., 2018; Buxeda i Garrigós and Cau 
Ontiveros, 2005, 2006); and (vi) a set of materials recovered in Mataró 
(County of Barcelona) (41◦32′21″ N, 2◦26′15″ E) (Buxeda i Garrigós and 
Cau Ontiveros, 2004) and (vii) Santa Maria de Martorell (County of 
Barcelona) (41◦28′36″ N, 1◦53′14″ E)2 (Buxeda i Garrigós and Madrid i 
Fernández, 2009), both corresponding to the 6th—7th centuries. 

The only similar connection that could be established was between 2 
of our individuals (CDE149 and 151, two loners) and the 5 low calcar-
eous ceramics from the Visigoth fortress of Puig-Rom (from now on-
wards PGR) (Fig. 1), which form the chemical group CGPGR01. The 
dendrogram of our ceramics together with these 5 Visigoth ones (Fig. 3), 

1 The position given for Sant Martí d’Empúries, Castelló d’Empúries, Santa 
Creu de Rodes, Torre Lardera, Camp del Rei and Vilarnau archaeological sites 
corresponds to the modern towns of Sant Martí d’Empúries, Castelló d’Emp-
úries, Port de la Selva, Besalú, Baixàs and Perpinyà, respectively. 

2 The position given for Castelló d’Empúries, Ruscino, Puig-Rom, Mataró and 
Santa Maria de Martorell archaeological sites corresponds to the modern towns 
and cities of Castelló d’Empúries, Perpinyà, Roses, Mataró and Martorell, 
respectively. The position given for Plaça del Rei, Saló del Tinell and Pedralbes 
archaeological sites corresponds to the city of Barcelona. 
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performed using the same parameters and subcomposition as in the 
previous case, places individuals CDE149 and 151 (labelled with green 
arrows) out of the CGPGR01 group. Nevertheless, this is due to the 
differences in those individuals in their relative concentrations of CaO, 
Ni and Cr compared to the 5 Visigoth ceramics, as shown in the boxplot 
in Fig. 3, upper right corner. The remaining 15 ungrouped individuals 
will be considered loners. 

The 5 defined groups are divided into two different branches of the 
dendrogram. On the left-hand side—highlighted in various shades of 
blue (Fig. 3)—four groups have been identified with the labels CGEM01, 
02, 03 and 04, as all of them are composed of individuals recovered in 
archaeological sites belonging to the southern County of Empúries: EMP, 
CDE, and SCR. Except for the reference group CGEM04, composed of the 
only two cooking plaques recovered in CDE, no relationship between the 
chemical groups and the ceramic types could be observed. CDE109 and 

137 have not been considered one chemical group, even if their asso-
ciation in the dendrogram is considerably low. The extreme similarity of 
their chemical composition and formal aspect, and the fact that they 
were recovered in the same archaeological context (Table 1 of the 
Supplementary Material), makes us consider that they could belong to 
the same vessel even if they are non-adjoining sherds. On the right-hand 
branch, only one chemical group (labelled as CGROS01 and highlighted 
in pink) has been defined. This group contains all the individuals 
recovered in the northern County of Rosselló (CDR and VIL) and some 
individuals corresponding to southern archaeological sites (EMP503, 
CDE129, 135, and 154). As can be seen in the dendrogram, CGROS01 is 
less homogeneous than CGEM chemical groups. 

For a better understanding of the chemical differences in the studied 
set, we performed the singular value decomposition of the double- 
centred clr transformed data (Aitchison and Greenacre, 2002; 

Table 1 
Studied individuals by site and ceramic class; *: individuals classified as casseroles that might be cooking pots; PE: petrographic examination; SEM: SEM examination.   

Sitra Pitcher Casserole and 
casserole cover 

Cooking 
plaque 

Cooking pot Spatulated sherds Coarse ware sherds Total 

Sant Martí 
d’Empúries 
(EMP) 

(1) 
EMP502 

(0) (1) EMP503PE, SEM (0) (0) (1) EMP501PE, SEM (0) 3 

Castelló 
d’Empúries 
(CDE) 

(0) (5) CDE147, 
150, 152, 153, 
155 

(8) CDE136, 138, 
141*, 142*, 144, 148, 
149PE, 154 

(2) 
CDE101PE, 

SEM, 
112PE 

(6) CDE137, 
139, 140, 145, 
146, 151PE 

(12) CDE108, 111, 113, 
115PE, 120, 122PE, 123PE, 
124, 126, 128, 134, 143 

(11) CDE102SEM, 
104PE, SEM, 109, 110, 
116, 117, 
118SEM, 119PE, 129, 
131PE, SEM, 135 

44 

Santa Creu de 
Rodes 
(SCR) 

(0) (0) (0) (0) (0) (3) SCR001, 005PE, 
006PE 

(3) SCR002PE, SEM, 
003, 004 

6 

Torre Lardera 
(TLB) 

(0) (0) (0) (0) (2) TLB001, 002 (0) (0) 2 

Camp del Rei 
(CDR) 

(0) (0) (0) (0) (0) (2) CDR001PE, 002PE, SEM (0) 2 

Vilarnau 
(VIL) 

(0) (0) (0) (1) VIL001 (0) (0) (2) VIL002, 003PE 3 

Total 1 5 9 3 8 18 16 60 

Individuals from the ARQUB database PGR005, 006 and 007 have also been analysed by petrography, and PGR006 also by SEM. 

Table 2 
Mean (X‾) and standard deviation (s) of the defined groups and concentrations of CDE149 and 151 loners (on normalised data). tv: total variation. Major and minor 
elements are expressed in w%. Trace elements are expressed in w mg/kg.   

CGEM01 
(n = 16) 
(tv = 0.14) 

CGEM02 
(n = 12) 
(tv = 0.16) 

CGEM03 
(n = 4) 
(tv = 0.14) 

CGEM04 
(n = 2) 
(tv = 0.14) 

CGROS01 
(n = 9) 
(tv = 0.33) 

CGPGR01 
(n = 5) 
(tv = 0.25) 

CDE149 CDE151   

X‾ s X‾ s X‾ s X‾ s X‾ s X‾ s 

Na2O 0.81 0.09 0.87 0.13 1.21 0.13 1.45 0.12 1.52 0.20 2.59 0.15 2.54 2.75 
MgO 1.63 0.10 1.36 0.19 1.28 0.13 1.65 0.01 1.42 0.22 1.17 0.06 1.30 1.69 
Al2O3 20.36 0.62 20.32 0.80 18.73 0.78 16.53 0.55 17.45 1.23 17.44 0.58 17.48 19.85 
SiO2 63.90 0.91 63.51 1.57 65.93 1.70 67.44 0.46 68.25 2.06 67.98 0.80 67.47 61.97 
K2O 3.01 0.24 3.42 0.24 3.38 0.14 3.28 0.01 3.43 0.31 2.99 0.18 3.32 3.05 
CaO 0.60 0.12 0.80 0.09 0.90 0.14 1.83 0.40 1.18 0.27 1.66 0.11 2.58 4.21 
TiO2 0.94 0.03 0.85 0.04 0.72 0.05 0.69 0.02 0.65 0.07 0.63 0.03 0.54 0.66 
V 174 9 176 12 159 18 156 16 91 13 76 7 50 60 
Cr 120 9 114 9 106 8 122 21 73 11 40 5 113 20 
MnO 0.09 0.01 0.08 0.01 0.05 0.01 0.07 0.00 0.05 0.01 0.04 0.01 0.05 0.06 
Fe2O3 8.41 0.25 8.53 0.47 7.56 0.65 6.81 0.44 5.87 0.67 5.36 0.24 4.52 5.58 
Ni 61 4 58 8 52 5 62 12 32 7 18 3 52 6 
Zn 105 10 92 11 86 7 90 6 73 10 59 3 45 63 
Ga 23 1 23 2 21 1 18 1 20 2 19 1 20 24 
Rb 118 7 122 16 112 3 113 2 132 19 106 7 123 135 
Sr 83 14 86 9 100 11 120 1 100 19 144 2 156 205 
Y 37 2 34 2 30 1 31 0 33 5 28 3 26 35 
Zr 215 12 193 10 169 8 164 5 197 33 200 21 317 253 
Nb 20 1 20 1 17 1 16 1 18 2 17 1 19 20 
Ba 1655 161 1473 138 1423 62 1416 30 838 180 712 17 785 855 
Ce 96 6 93 6 75 7 74 6 81 9 80 18 94 124 
Pb 28 2 28 1 26 2 24 1 25 2 24 1 20 19 
Th 17 1 18 1 15 1 14 1 17 2 19 0 17 20  
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Greenacre, 2010; van de Boogaart and Tolosana-Delgado, 2013) on the 
60 individuals studied, plus those 5 recovered at PGR. The two first 
principal components in the covariance and form biplots (Fig. 4) explain 
more than 75 % of the variance (VE = 77.13 %). The first principal 
component explains most of the variance (VE = 69.00 %) and shows the 
relative values of CaO, Na2O and Sr on the left-hand side and Ni, Cr, V, 
Ba and MnO on the right-hand side. These components are the most 
involved in group formation, as can be understood from the composi-
tional evenness graph (Fig. 2). Along this first principal component, the 
biplots show a clear division between chemical groups CGEM01, 
CGEM02, CGEM03, and CGEM04 (on the right-hand side) and chemical 
groups CGROS01 and CGPGR01 (on the left-hand side). The main dif-
ferences between both areas are explained by the general increase of 
CaO, Na2O and Sr relative content towards the left-hand side (Table 2). 
Contrariwise, Ni, Cr, V, Ba and MnO relative values are lower in 
CGROS01 and CGPGR01, generally increasing towards the right-hand 
side. In particular, the values of Ba for groups CGEM01, CGEM02, 
CGEM03, and CGEM04 must be considered significantly high (Table 2). 
The second principal component (VE = 8.13 %) is mainly determined by 
the influence of CaO, Ni and Cr relative values, which are placed on the 
upper part. The location of group CGEM04 on the upper part of this 
second principal component is possibly due to the high relative value in 
CaO within the CGEM groups. Finally, it is important to notice the 
significantly high concentrations of Na2O in CGPGR01, which place this 
group in the extreme left area of the biplot. 

Individuals CDE149 and 151 (labelled for convenience “loners-PGR” 
in the text hereafter) also exhibit significantly high relative values of 

Na2O (Fig. 4). They are placed at the left end because of their extremely 
high Na2O concentrations (2.54 % and 2.75 %, respectively) (Table 2), 
similar to those observed in PGR individuals (with a mean value of 2.59 
% ± 0.15 %). Despite this similarity, individuals CDE149, at the upper 
part, and CDE151, at the lower part, are separated in the second prin-
cipal component because of their differences in CaO (2.58 % and 4.21 %, 
respectively), Ni (52 mg/kg and 6 mg/kg) and Cr relative concentrations 
(113 mg/kg and 20 mg/kg); as it could also be noticed in Fig. 3, upper 
right corner. 

3.2. Mineralogical and microstructural analysis 

Chemical results show that the individuals analysed correspond to 
ceramics technically considered low calcareous, i.e., CaO < (5–6)%. For 
these ceramics, XRD and SEM results may enable the estimate of the 
equivalent firing temperatures (EFT) after the mineralogical scales and 
changes in the microstructure and the firing conditions (Roberts, 1963; 
Picon, 1973; Tite et al., 1982; Heimann and Maggetti, 2014; Buxeda i 
Garrigós and Madrid i Fernández, 2016a; Gliozzo, 2020). 

The study of the XRD diffractograms (Fig. 5, Table 3) enables the 
identification of six different fabrics in group CGEM01. Fabrics 
CGEM01-F1, CGEM01-F2 and CGEM01-F3 are characterised by the 
absence of spinel, a typical firing phase which crystallises around 900 ◦C 
in low calcareous ceramics with a MgO content between (1–2)% and 
(6–7)%. These fabrics also exhibit illite-muscovite, quartz, plagioclase 
and alkali feldspar, but only fabrics CGEM01-F1 and CGEM01-F2 exhibit 
talc (Fig. 5, a), which is thermally decomposed at 800 ◦C when being 

Table 3 
Summary of the mineralogical fabrics defined by XRD for each chemical group. These fabrics are contrasted with the vitrification stage assessed by SEM. The EFT is 
estimated from XRD and SEM observation. The petrographic fabrics are also displayed. n: number of individuals; Afs: alkali feldspar; Cal: calcite; Hem: hematite; Ilt: 
illite-muscovite; Kln: kaolinite; Mor: mordenite; Pl: plagioclase; Qz: quartz; Spl: spinel; Tlc: talc (abbreviations according to Whitney and Evans, 2010). NV: no 
vitrification; IV: initial vitrification; V: extensive vitrification; TV: total vitrification; FH: fast-heating; EFT: equivalent firing temperature. SEM: individual examined by 
SEM. PE: individual examined by petrography.  

PXRD Fabric Mineralogic assemblage Individuals Vitrification 
stage 

EFT (◦C) Petrographic 
fabric 

Figures 

CGEM01 (n = 16)       
CGEM01-F1 (n = 2) Ilt, Pl, Afs, Qz, Tlc CDE123PE, 150SEM NV < 750 PEM02 5, a 
CGEM01-F2 (n = 2) Ilt, Pl, Afs, Qz, Tlc, Hem CDE139, 148SEM NV < 750   
CGEM01-F3 (n = 2) Ilt, Pl, Afs, Qz, Hem CDE131SEM, PE, SCR006PE NV < 750 PEM02 6, a 
CGEM01-F4 (n = 3) Ilt, Pl, Afs, Qz, Spl CDE117, SCR001, 005SEM, PE V ≈ 900 PEM02 6, b; 7, d 
CGEM01-F5 (n = 6) Ilt, Pl, Afs, Qz, Hem, Spl CDE118SEM, 134, 143, 152, 153, SCR002SEM, PE V ≈ 900 PEM02 5, b; 6, c 
CGEM01-F6 (n = 1) Ilt, Pl, Afs, Qz, Hem, Spl, 

Mor? 
CDE155SEM V ≈ 900  5, c 

CGEM02 (n = 12)       
CGEM02-F1 (n = 2) Ilt, Pl, Afs, Qz, Hem, Tlc, Kln? CDE102SEM, 113 NV < 750  5, d 
CGEM02-F2 (n = 7) Ilt, Pl, Afs, Qz, Hem, Tlc CDE108, 120, 124, 141, 145, 146, EMP501SEM, 

PE 
NV < 750 PEM02 6, d 

CGEM02-F3 (n = 2) Ilt, Pl, Afs, Qz, Hem CDE116, 142SEM V 800–900   
CGEM02-F4 (n = 1) Ilt, Pl, Afs, Qz, Hem, Spl CDE115SEM, PE V ≈ 900 PEM02 6, e; 7, f 
CGEM03 (n = 4)       
CGEM03-F1 (n = 2) Ilt, Pl, Afs, Qz, Tlc, Hem CDE104SEM, PE, 136 NV < 750 PEM02 6, f 
CGEM03-F2 (n = 2) Ilt, Pl, Afs, Qz, Tlc CDE119PE, 144SEM NV < 750 PEM02 7, e 
CGEM04 (n = 2)       
CGEM04-F1 (n = 2) Ilt, Pl, Afs, Qz, Cal, Tlc?, 

Hem? 
CDE101SEM, PE, 112PE NV < 750 PEM01 7, c 

CGROS01 (n = 9)       
CGROS01-F1 (n =

2) 
Ilt, Pl, Afs, Qz, Tlc, Cal? CDE135, CDR001SEM, PE NV < 750 PROS01 7, a 

CGROS01-F2 (n =
1) 

Ilt, Pl, Afs, Qz, Tlc, Hem, Cal? CDR002SEM, PE NV-IV < 750–800 PROS01  

CGROS01-F3 (n =
5) 

Ilt, Pl, Afs, Qz, Cal? CDE129, 154, VIL001, 002SEM, 003PE IV 750–800 PROS01 6, g 

CGROS01-F4 (n =
1) 

Pl, Afs, Qz, Spl EMP503SEM, PE TV (FH) > 950/ 
1000 

PPGR01 5, e; 6, h 

Loners-PGR       
CDE149 Ilt, Pl, Afs, Qz, Cal? CDE149SEM, PE NV < 750 PEM01  
CDE151 Ilt, Pl, Afs, Qz, Cal CDE151SEM, PE V ≈ 800 PEM03 5, f; 6, i 
CGPGR01 (n = 5)       
CGPGR01-F1 (n =

5) 
Ilt, Pl, Afs, Qz PGR003, 004, 005PE, 006SEM, PE, 007PE NV < 750 PPGR01 7, b  
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transformed into enstatite (Liu et al., 2014; Maritan et al., 2018), while 
fabrics CGEM01-F2 and CGEM01-F3 exhibit hematite. Their study by 
SEM shows a no vitrification microstructure (NV) (Fig. 6, a), indicating 
an EFT below 750 ◦C. Fabrics CGEM01-F4, CGEM01-F5 and CGEM01-F6 
show the crystallisation of spinel together with the presence of illite- 
muscovite pointing to an EFT between 900 ◦C and 950/1000 ◦C 
(Fig. 5, b). Most probably, the crystallisation of spinel prevents the 
observation of enstatite after talc transformation. The difference be-
tween fabrics CGEM01-F4 and CGEM01-F5 is hematite, present only in 
the latter. Fabric CGEM01-F6 exhibits a pretty intense peak at 3.44 Å 
(25.84◦2θ) that seems to correspond to the d(1 2 2) peak (I% = 100) of 
mordenite (JCPDS #00–022-1340; (Na2,Ca,K2)4(Al8Si40)O96⋅28H2O) 
(mordenite has also been reported by Borgers et al., 2021) (Fig. 5, c). 
This zeolite must be a secondary phase since this mineral decomposes at 
600 ◦C (Pechar and Rykl, 1987). The study by SEM of these high- 
temperature fabrics shows an extensive vitrification stage (V) charac-
teristic for low calcareous pastes of an EFT in the range 800–900 ◦C 
(Fig. 6, b and c) (Heimann and Maggetti, 2014, 97). 

The evolution of the firing phases for GCEM02 shows a similar 
development to the previous group, although only four different fabrics 
have been identified in this case. The first two, GCEM02-F1 and 
GCEM02-F2, show the presence of talc, pointing to an EFT below 800 ◦C, 
and only the GCEM02-F1 presents one peak that could correspond to 
kaolinite (Fig. 5, d). The study by SEM of these two fabrics exhibits a 
stage of no vitrification (NV), enabling us to estimate an EFT below 750 
◦C (Fig. 6, d). The lack of talc and spinel characterises fabric GCEM02- 
F3, suggesting an EFT in the range of 800–900 ◦C, in close agreement 
with the extensive vitrification stage (V) observed by SEM. Finally, 
fabric GCEM02-F4 shows, besides the absence of talc, the presence of 

spinel and illite-muscovite, pointing to an EFT at 900–950 ◦C, in 
concurrence with the higher range of the extensive vitrification stage (V) 
observed by SEM (Fig. 6, e) suggesting an EFT around 900 ◦C. 

The diffractograms of group CGEM03 are divided into two fabrics 
according to the presence or absence of hematite. The presence of talc 
characterises both fabrics, and the EFT can be estimated below 800 ◦C. 
The observations by SEM also show a no vitrification stage (NV) of the 
matrix, lowering the estimated EFT below 750 ◦C (Fig. 6, f). 

Regarding group CGEM04, only one fabric can be identified. Besides 
illite-muscovite, plagioclase, alkali feldspar, and quartz, the presence of 
talc and hematite seems possible, although their peaks are not intense 
enough for clear identification. However, the most singular character-
istic is the presence of calcite, which could explain the higher CaO 
content of this group (Table 3). The observation by SEM shows a no 
vitrification stage (NV), enabling the estimate of the EFT below 750 ◦C. 

For the last group defined, CGROS01, four fabrics were identified. 
Illite-muscovite, plagioclase, alkali feldspars, and quartz are present in 
all individuals. Moreover, calcite is also possibly present, but the low 
intensity of the main peak makes identification difficult in several cases. 
Fabrics CGROS01-F1 and CGROS01-F2 are characterised by talc and 
differ by the presence of hematite in individual CDR002. The presence of 
talc enables estimating the EFT below 800 ◦C, in agreement with the 
SEM’s observation, which shows a no vitrification (NV) or initial vitri-
fication (IV) stage, pointing again to an EFT below 750 ◦C or 800 ◦C. 
Fabric CGROS01-F3 does not show talc or spinel. Moreover, the pres-
ence of calcite might suggest an EFT below 800–850 ◦C, and the initial 
vitrification (IV) stage enables estimating the EFT between 750 ◦C and 
800 ◦C (Fig. 6, g). Finally, the individual EMP0503 (fabric CGROS01-F4) 
exhibits distinctive characteristics, such as spinel’s presence and illite- 

Fig. 2. Compositional evenness graph of the 60 studied individuals. H2: information entropy (in shannons, Sh); H2%: percentage of the maximum possible attainable; 
tv: total variation; τ.j: trace of the variance–covariance matrix following the alr transformation using element j as the divisor. Vertical dotted lines express different tv/ 
τ.j values. 
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muscovite’s absence, suggesting an EFT over 950/1000 ◦C (Fig. 5, e). 
SEM observation confirms this by exhibiting a microstructure charac-
teristic of a total vitrification stage (TV) (Fig. 6, h) (Heimann and 
Maggetti, 2014, 98). This total vitrification stage in low calcareous 
pottery allows estimating an EFT over 900 ◦C. It is also interesting to 
remark on the presence of many micro-bloating pores below 5 μm in 
size, characteristic of a fast-heating process, usually corresponding to 
bonfire firing (Buxeda et al., 2003). 

Observing the diffractograms for CGPGR01 and loners-PGR (CDE149 
and CDE151), it is clear that they exhibit more intense peaks of 
plagioclase (Fig. 5, f) in clear correspondence with the extremely high 
Na2O content. The fabrics of loners-PGR and CGPGR01-F1, the only 
fabric of this chemical group, exhibit the same mineral phases, except 
for calcite, solely observed in loners-PGR, as expected after their higher 
CaO content (Table 3). Talc is never observed, and the absence of clear 
firing phases suggests low EFT (Table 3). The observations by SEM show 
no vitrification (NV) stage for individuals CDE149 and PGR006, 
enabling to estimate an EFT below 750 ◦C, while extensive vitrification 
(V) is observed for individual CDE151 (Fig. 6, i). This vitrification stage, 

together with the presence of calcite, points to an EFT close to 800 ◦C for 
this latter individual. Thus, the low EFT estimated for these ceramics 
suggests that talc might not be present in their raw materials, contrary to 
the previous groups. 

Finally, the remaining 15 loners can be discussed following the two 
main branches of the dendrogram in Fig. 3. Nine individuals are placed 
on the left branch. From those, individuals TLB002 and CDE111 exhibit 
diffractograms similar to those of the low EFT of the previous groups 
(except loners-PGR and CGPGR01), including talc. Individual TLB002 
also exhibits hematite and calcite. The EFT estimated for both in-
dividuals is below 800 ◦C. Individuals CDE109, 122, 126, 128, 137 and 
147 do not show talc and contain spinel and illite-muscovite, pointing to 
an EFT between 900 ◦C and 950 ◦C. Individuals CDE122, 126 and 147 
also exhibit hematite. Finally, individual CDE138 do not show talc nor 
spinel. Even if the EFT could be estimated between 800 ◦C and 900 ◦C, 
the only secure estimation is below 950/1000 ◦C after the presence of 
illite-muscovite. It should be highlighted that individuals CDE109 and 
138 also exhibit the possible peak already discussed for mordenite. 
Regarding the 6 loners on the right branch of the dendrogram (CDE110, 

Fig. 3. Dendrogram from the cluster analysis on the Na2O, MgO, Al2O3, SiO2, K2O, CaO, TiO2, V, Cr, MnO, Fe2O3, Ni, Zn, Sr, Ce, Zr, Nb, and Ba subcomposition clr 
transformed of the 60 individuals analysed in this study, compared with 5 relevant individuals of the ARQUB database corresponding to the archaeological site of 
Puig-Rom (PGR). Green arrows: Individuals recovered at Castelló d’Empúries archaeological site and related to CGPGR01 reference group. Upper right corner: 
boxplot of the CaO, Ni and Cr clr transformed values for the CGPGR01 reference group together with individuals CDE149 and 151. (For interpretation of the ref-
erences to colour in this figure legend, the reader is referred to the web version of this article.) 

M. Valls Llorens et al.                                                                                                                                                                                                                         



Journal of Archaeological Science: Reports 53 (2024) 104402

8

140, TLB001, EMP502, SCR003 and 004), all of them are similar to the 
ones with low EFT exhibiting talc: individuals CDE140 and TLB001 
exhibit calcite and EMP502 hematite. Again, the EFT must be estimated 

below 800 ◦C. 

Fig. 4. Covariance (left) and form (right) biplots of the singular value decomposition on the subcomposition Na2O, MgO, Al2O3, SiO2, K2O, CaO, TiO2, V, Cr, MnO, 
Fe2O3, Ni, Zn, Sr, Ce, Zr, Nb, and Ba, double centred clr transformed. VE: variance explained. For groups of more than 3 individuals, the 0.95 probabilistic ellipsoids 
are shown. 

Fig. 5. XRD patterns for the categories of association of crystalline phases as detected by XRD. a) individual CDE150, fabric CGEM01-F1; b) individual CDE143, 
fabric CGEM01-F5; c) individual CDE155, fabric CGEM01-F6; d) individual CDE113, fabric CGEM02-F1; e) individual EMP503, fabric CGROS01-F4; f) individual 
CDE151, loner-PGR. Afs: alkali feldspar; Cal: calcite; Hem: hematite; Ilt: illite-muscovite; Kln: kaolinite; Mor: mordenite; Pl: plagioclase; Qz: quartz; Spl: spinel; Tlc: 
talc (abbreviations according to Whitney and Evans, 2010). 
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3.3. Petrographic examination 

The 21 individuals selected for the petrographic analyses have been 
grouped into 4 fabrics (Table 3 and Table 2 of the Supplementary Ma-
terial, Fig. 7). 

Fabric PROS01 (Fig. 7, a) includes some of the individuals in the 
chemical group CGROS01, and it is characterised by moderately sorted 
inclusions of mainly monocrystalline quartz and alkali feldspars; the 
larger fraction includes polycrystalline quartz, sand/siltstones and 
granite rock fragments. The size distribution is skewed unimodal, with 
most of the coarse fraction in the range of the medium-very fine sands 
with a few larger inclusions heterogeneously distributed along the sec-
tion. The coarse fraction is related to a mixed sedimentary-acid igneous 
environment, as it could be found in the western part of the Pyrenees 
(IGME, 2008). Even though the number of individuals is too low to 
determine provenance, the PROS01 fabric lacks a medium–high grade 
metamorphic component present in the other fabrics and, therefore, 
could be provisionally considered characteristic of the area of the 
County of Rosselló. 

The individuals from the chemical group CGPGR01 and individual 
EMP503 (chemical group CGROS01) show features that allow them to 
group in one fabric, PPGR01 (Fig. 7, b). This fabric is composed of poorly 
sorted inclusions, mainly large fragments of high-grade metamorphic 
rocks (mylonite and gneiss) and large alkali feldspars phenocrystals and 
monocrystalline quartz, these last two probably deriving from gneiss or 

granite (pegmatite) rocks of which some fragments are present; large 
fragments of plagioclase feldspars identified as albite are also present. 
Some low-grade metamorphic rocks are present in the individuals 
PGR006 and EMP503. This last individual is temporarily included in this 
group for the similarity in the coarse fraction, while from the chemical 
results, it was included in the CGROS01 group. Inclusion size distribu-
tion is bimodal, with the coarse fraction ranging from very coarse to 
medium sand, and it is generally homogeneously distributed along the 
section. The coarse fraction seems to be added to a finer paste. Fine 
fraction is in the range of fine sand to coarse silt size range and is ho-
mogeneously distributed. This fabric shares with PROS01 the presence 
of granite inclusions, but the other aplastic fraction of PPGR01 is related 
to a high-grade metamorphic environment mixed with acidic igneous 
rocks, which are common in the south of Pyrenees (IGC, 2006). Spe-
cifically, the presence of mylonite and pegmatite fragments points out 
for the area of Cap de Creus (Fort i Costa 2006; Carreras Planells et al., 
1994a) as the possible area of formation of the raw materials present in 
this fabric. Furthermore, a similar composition has been found in some 
mortars from the medieval walls of PGR (Fernández Lara, 2021). 

Fabric PEM01 includes all the individuals grouped into the chemical 
group CGEM04 and the loner-PGR CDE149. The fabric PEM01 (Fig. 7, c) 
is composed of poorly sorted inclusions, mainly alkali feldspars phe-
nocrystals and large monocrystalline quartz together with fragments of 
gneiss and granite as the PPGR01 fabric; in contrast from that, this fabric 
also includes metamorphosed limestone and some well-rounded 

Fig. 6. Photomicrographs by SEM. a) individual CDE131, fabric CGEM01-F3, NV stage; b) individual SCR005, fabric CGEM01-F4, V stage; c) individual SCR002, 
fabric CGEM01-F5, V stage; d) individual EMP501, fabric GCEM02-F2, NV stage; e) individual CDE115, fabric GCEM02-F4, V stage; f) individual CDE104, fabric 
CGEM03-F1, NV stage; g) individual VIL002, fabric CGROS01-F3, IV stage; h) individual EMP503, fabric CGROS01-F4, TV stage and FH; i) individual CDE151, loner- 
PGR, V stage. NV: no vitrification; IV: initial vitrification; V: extensive vitrification; TV: total vitrification; FH: fast-heating. 
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sedimentary rock fragments (micritic limestone and siltstones). Some 
large fragments of muscovite and biotite mica are also present. Inclusion 
size distribution is bimodal, with the coarse fraction ranging from very 
coarse to medium sand, and it is generally homogeneously distributed 
along the section. Fine fraction is in the range of fine sand to coarse silt 
size range and is homogeneously distributed. The presence of this 
mixture of rock fragments, some of them well-rounded, suggests the 
provenance for these individuals not far from the previous group but 
probably in correspondence with some riverbed which might have 
transported and mixed some of the rock formations of the southern 
Pyrenees. CDE, where these individuals were found, stands above the 
river Muga and provisionally, we might suggest this as a possible 
provenance area for these individuals. 

Compared to the previous one, fabric PEM02 has a finer texture of 
moderately sorted inclusions of monocrystalline quartz, metaquartzite 
and low-medium grade metamorphic rocks (chlorite phyllite to schist 
with visible crenulation and schistosity developed). The finer fraction 
includes the same chlorite mica observed in the metamorphic rock 
fragments. Inclusion size distribution is unimodal to skewed unimodal 
as some individuals show a larger fraction: overall, the fraction size 

ranges from fine to medium sand size, homogeneously distributed along 
the section, with a few larger clasts of very coarse sand to pebble size 
heterogeneously distributed along the section. Generally, the SCR in-
dividuals have a finer texture than the CDE individuals, but they have 
been grouped, as they show the same rock fragment ranges (Fig. 7, d-e). 
This fabric includes all the individuals of the chemical groups CGEM01, 
CGEM02, CGEM03 and the loner CDE122. The presence of chlorite 
phyllite to schist is related to the chlorite-muscovite metamorphic zones 
present to the north of Cap de Creus, up to Portbou, and the south- 
western part of the cape (Carreras Planells et al., 1994a, b). Consid-
ering the location of the settlements where the individuals were found, 
CDE, EMP and SCR, we might provisionally consider the southern- 
western foothill of Cap de Creus as a possible area of provenance of 
the raw mateterials for the individuals in this fabric. 

The last fabric, PEM03 (Fig. 7, f), includes only one individual, the 
loner-PGR CDE151, which shows some similarities to the CGPGR01 
chemical group, though it is unclear to group it within it. This fabric 
comprises moderately sorted alkali feldspars and quartz inclusions, with 
larger inclusions of micritic mudstones, metaquartzite and granite rock 
fragments. Most of the inclusions range in the fine to very fine sand size 

Fig. 7. Photomicrographs (XP) of the most representative individuals for each petrographic fabric: a) CDR001, fabric PROS01; b) PGR006, fabric PPGR01; c) 
CDE101, fabric PEM01; d) SCR005, fabric PEM02; e) CDE119, fabric PEM02; f) CDE115, fabric PEM03. 
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Fig. 8. Drawings and pictures of representative ceramics for each one of the defined groups and some loners.  
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and are homogeneously distributed along the section, while a few larger 
inclusions ranging from very coarse to medium sand are heteroge-
neously distributed along the section. The grain size distribution is 
considered skewed unimodal. A few vesicle voids, with black rims, a sign 
of burnt organics, and rare meso-vughs are present. Inclusions and voids 
show random orientation. Compared to the previous ones, this fabric is 
less micaceous than PEM01 and PEM02 and with more calcareous 
components than PPGR01; amongst the inclusions, it strikes the pres-
ence of micritic mudstone and the absence of low-grade metamorphic 
rocks. Despite these differences, the provenance can be considered 
generically from the same area. 

4. Discussion 

The results obtained allowed us to define 5 chemical groups and up 
to 17 loners, from which 2 show similarities with the Visigoth ceramics 
of group CGPGR01. All low-fired ceramics (except loners-PGR) exhibit 
the presence of talc, which might be evidence of regional provenance 
since the eastern Pyrenees host a large number of talc-chlorite miner-
alisations that occur through several processes, among which the 
hydrosiliphication of the Cambro-Ordovician marbles (very rich in 
magnesium). Talc mineralisation has been traditionally exploited at la 
Vajol (and the surrounding area), Vilajuïga (a village at the eastern end 
of Cap de Creus), and Ceret (Fig. 1) (Mata, 1990, 89; Boulvais et al., 
2006; Boutin et al., 2016). 

In contrast, loners-PGR and group CGPGR01 exhibit extremely high 
Na2O concentrations (Table 3) that could be explained by the presence 
of the high sodium plagioclase albite (NaAlSi3O8) identified in pegma-
tite rocks belonging to the area of Cap de Creus. The identification of this 
mineral has also been confirmed in XRD analysis, where intense peaks of 
plagioclase can be observed in all the individuals classified in the 
CGPGR01 chemical group and loners-PGR. In the eastern Pyrenees, 
there is a geographically close match between talc/chlorites minerali-
sation and albitisation processes (Boulvais et al., 2007; Poujol et al., 
2010). Those processes have implied the formation, in different envi-
ronments and after different processes, of albitites in areas like Llançà or 
Argelers (Fig. 1), which can explain the Na2O content of these ceramics. 
Most probably, the albitisation and talc mineralisation were two inde-
pendent metasomatic events of a single, regional-scale, long-lived 

hydrothermal system (Poujol et al., 2010), and their relations with the 
results obtained in our study reinforce the local or regional origin of our 
defined groups and all, or most, of our loners. 

On the one hand, the petrographic observations confirm that in-
dividuals belonging to CGROS01-PROS01 could be manufactured in the 
northern areas of the County of Rosselló. These lack that mixture of the 
metamorphic component and the igneous one in the aplastic fraction 
that characterises the other fabrics and can be considered produced on 
the southern part of the Pyrenees. On the other hand, those individuals 
belonging to CGPGR01-PPGR01 would have their origin nearby the area 
ofCap de Creus. Concerning CGEM chemical groups, petrography points 
out that the provenance of CGEM01, 02 and 03 chemical groups (united 
in PEM02 petrographic fabric) could be related to the south-western 
foothills of Cap de Creus and, in the case of CGEM04-PEM01, it would 
belong to a riverbed area, probably nearby the historical town of CDE. 
Finally, the only individual in PEM03 (CDE151) shares the rock fraction 
characteristics with others, allowing us to include it generically in the 
same area of provenance, but the paste seems more calcareous. The 
chemistry for loners-PGR CDE149 and 151 also suggests a necessary 
relation with the albitites and, possibly, with group CGPGR01. 

Turning our attention to the ceramics from an archaeological point of 
view, it is clear that, despite chemical group CGEM04 (composed of the 
only two cooking plaques recovered in the southern area), no relevant 
relationship between the groups or fabrics and specific forms, surface 
treatments or chronologies could be observed (Table 4, left; Fig. 8). 
Focusing on the relation between the chemical groups defined and the 
sampled archaeological sites (Table 4, right) we can observe that all the 
individuals forming groups CGEM03 and CGEM04 and the loners-PGR 
have been recovered in CDE. The same could be stated for group 
CGEM02, except for 1 individual recovered at EMP. Chemical group 
CGEM01 is also related to CDE but comprises a large part of the in-
dividuals from SCR. The situation is very different for group CGROS01, 
including individuals recovered at four different sites: all individuals 
from the County of Rosselló (CDR and VIL) and CDE and EMP. Thus, no 
ceramics related to the southern part of the Albera range have been 
recovered so far in the County of Rosselló, but 4 out 9 individuals from 
group CGROS01, whose origin must be somewhere in this County, have 
been found in the southern part of this range, in the County of Empúries. 

It must also be highlighted that, without considering the two loners- 

Table 4 
Chemical groups in relation to (left) ceramic class and (right) recovery site.   

Ceramic class  Recovery site  

Sitra Pitcher Casserole 
and 
casserole 
cover 

Cooking 
plaque 

Cooking 
pot 

Spatulated 
sherds 

Coarse 
ware 
sherds 

Total EMP CDE SCR TLB CDR VIL 

CGEM01  CDE150, 
152, 153, 
155 

CDE148  CDE139 CDE123, 134, 
143, SCR001, 
005, 006 

CDE117, 
118, 131, 
SCR002 

16 0 12 4 0 0 0 

CGEM02   CDE141, 142  CDE145, 
146 

EMP501, 
CDE108, 113, 
115, 120, 124 

CDE102, 
116 

12 1 11 0 0 0 0 

CGEM03   CDE136, 144    CDE104, 
119 

4 0 4 0 0 0 0 

CGEM04    CDE101, 
112    

2 0 2 0 0 0 0 

CGROS01   EMP503, 
CDE154 

VIL001  CDR001, 002 CDE129, 
135, 
VIL002, 
003 

9 1 3 0 0 2 3 

Loner- 
PGR   

CDE149  CDE151   2 0 2 0 0 0 0 

Loner EMP502 CDE147 CDE138  CDE137, 
140, 
TLB001, 
002 

CDE111, 122, 
126, 128 

CDE109, 
110, 
SCR003, 
004 

15 1 10 2 2 0 0 

Total 1 5 9 3 8 18 16 60 3 44 6 2 2 3  
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PGR, 15 individuals remain ungrouped. These individuals could belong 
to chemical groups only represented by themselves, which could grow if 
more individuals are analysed. With the information available until 
now, that would mean that a total of 22 paste reference compositional 
units (PCRUs) can be defined from a chemical point of view. Thus, the 
amount of possible PCRUs defined makes us think in a context deter-
mined by many production centres, mostly unknown, which implies the 
existence of a heterogeneous production and a local or, at most, a 
regional distribution. 

Along these lines, the study of the manufacturing technology shows a 
wide range of textures in the ceramics analysed that could be related to 
their specific function, while cooking ware (especially cooking plaques) 
has a coarser texture since a coarser fraction would probably be added, 
spatulated sherds are finer. XRD and SEM analyses show that most ce-
ramics present a significant dispersion in the equivalent firing temper-
atures but almost always below 900 ◦C. Most of them are even lower, 
having a non-vitrified stage that might give very different mechanical 
properties than those developed in vitrified stages (Kilikoglou et al., 
1995; Kilikoglou et al., 1998; Vekinis and Kilikoglou, 1998; Tite et al., 
2001; Hein and Kilikoglou, 2007; Hein et al., 2008). In individual 
EMP503 (spatulated sitra), higher temperatures and a total vitrificated 
clay matrix have been identified in which the clay matrix shows micro- 
bloating pores, suggesting the use of a fast-heating process typically 
resulting from a bonfire (Buxeda et al. 2003). 

5. Conclusions 

This study presents for the first time a view regarding the production 
and distribution of ceramics from the County of Empúries between the 
10th and 11th centuries, showing a more dynamic scenario than 
considered before, thanks to the aid of the analytical examination. The 
results of the chemical analysis show that the studied set presents a great 
diversity of productions, with 4 groups related to the County of Emp-
úries and one to the County of Rosselló. Moreover, many individuals 
remain loners. Most, if not all, seem to be related to a local or regional 
origin, as confirmed by petrographic analysis and the identification of 
talc by XRD, suggesting a dispersed production exists. Moreover, some 
ceramics (CGPGR01 group and loners-PGR) exhibit extremely high so-
dium concentrations that could be related to pegmatite rocks in the Cap 
de Creus area. 

Besides, at least some of these ceramics were possibly produced in 
bonfires, and some groups (especially CGEM01 and CGEM02) show a 
dispersion in the EFT that implies a clear difference in microstructures 
that would affect their performance characteristics, reflecting a low 
standardised production. 

Nevertheless, there is evidence of the circulation of ceramics over the 
Albera range, at least for the group of ceramics produced in the County 
of Rosselló recovered in different sites of the County of Empúries, but not 
viceversa. That appoints a more significant commercial influence of the 
northern counties over the southern ones in this period, which should be 
explored in depth. Along these lines, sharing types, even for the rare 
cooking plaques produced at both sides of the Albera range, should be 
interpreted as the existence of common knowledge and ideas between 
the two areas. Apart from shedding light on possible commercial re-
lationships, this fact demonstrates the importance of craft in culturally 
connecting the different territories and, at the same time, building po-
litical entities such as the medieval Catalan counties, which would be 
the basis for current Catalonia. 

This historical period is very complex because of the fragile political 
entities and the significant changes that took place. Future research 
must deepen this problem by trying to study larger samples and more 
archaeological sites. This research line would help better understand the 
organisation of these counties in the medieval ages and the construction 
process of larger national entities. 
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