
© Българско геологическо дружество и Българска академия на науките, 2025 https://bgd.bg/review-bgs

СПИСАНИЕ НА БЪЛГАРСКОТО ГЕОЛОГИЧЕСКО ДРУЖЕСТВО,  
год. 86, кн. 3, 2025, с. 379–383

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,  
vol. 86, part 3, 2025, p. 379–383

The ceramic artefacts as a key to trace a probable relationship between 
archaeological sites from the Early Iron Age in the Eastern Rhodopes

Stefka Pristavova1, Julia Tzvetkova2, Kalin Rouskov1 
1 University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria; E-mail: stprist@mgu.bg
2 Sofia University “St. Kliment Ohridski”, 15 Tsar Osvoboditel Blvd, 1504 Sofia; E-mail: julia.tzvetkova@uni-sofia.bg

Stefka Pristavova, Julia Tzvetkova, Kalin Rouskov. 2025. The ceramic artefacts as a key to trace a probable rela-
tionship between archaeological sites from the Early Iron Age in the Eastern Rhodopes. – Rev. Bulg. Geol. Soc., 86, 
3, 379–383, https://doi.org/10.52215/rev.bgs.2025.86.3.379.

Abstract. The study presents summarised data on the mineral-petrographic features of ceramic artefacts from 
six Early Iron Age archaeological sites in the Eastern Rhodopes, in order to establish correlations between them, 
locate probable production centres, and identify exchange networks. The sites included are Gluhite Kamani, Ada 
Tepe, Menekenski Kamani, Kodzha Kaya (sanctuaries), Dolno Cherkovishte (ritual pits) and Biser (a settlement). 
The obtained correlation of the ceramic inventory between these objects is based mainly on information about rock 
inclusions contained in the ceramic bodies, their firing temperature and the manufacturing technology. The results 
indicate a connection among the studied archaeological sites based on shared sources of raw materials, common 
production technologies, and the exchange of ceramic inventories. This suggests the existence of local traditions 
during the Early Iron Age. Notably, the rock-cut complex Gluhite Kamani plays a central role among the sites in 
the Eastern Rhodopes.
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Introduction

Over the years, the studies of ceramic artefacts from 
archaeological sites in Bulgaria have been intensi-
fied, given the important information they provide 
about people who lived in the past. In the field of ce-
ramic petrography, the microscopic study is charac-
terised by exceptional informativeness. This meth-
od, which could be called “old-fashioned”, as noted 
by J. B. Stolman (2001), is the reason why it is one 
of the first methods used to study ceramics from ar-
chaeological sites. Its application provides impor-
tant information about: natural (minerals and rocks) 
and added inclusions (temper, which can be consists 
of minerals and rocks, grog, bones, shells, fossils, 
plant vegetation, etc.), their quantitative presence, 
size, shape, distribution, and orientation; the struc-
ture and optical characteristics of the “clay” matrix; 
the presence of cavities and their shape, distribu-

tion; for characterizing the relationships between 
the ceramic body and imposed engobes and slips 
(Peterson, 2009). The information obtained allows 
us to provide answers about the local or imported 
origin of the ceramics, the manufacturing technol-
ogy, their classification, i.e. the binding of the com-
position according to the type and functions, locali-
sation of production centres, for tracking exchange, 
etc. Modern petrographic studies are combined with 
chemical analyses, electron microscopy, X-ray dif-
fraction, infrared spectroscopy, X-ray tomography, 
and others. The information obtained from the pet-
rographic study, combined with the other analyti-
cal methods listed above, leads to the obtaining of 
results related to their classification according to 
their composition and function, localisation of pro-
duction and trade centres, determining the location 
of probable raw material deposits, establishing the 
production technology – method of moulding, envi-
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ronment and firing temperature (Kulev, 2012). In-
vestigations of archaeological ceramic artefacts in 
Bulgaria began at the turn of the 20th century and 
continued to develop actively in the second half of 
the century. The study of ceramics through modern 
analytical and technological methods allows for a 
better understanding of production techniques and 
material characteristics (Lakov et al., 2018; Gache-
va et al., 2019).

This work presents summarised data on the 
mineralogical-petrographic characteristics and the 
production technology of ceramic artefacts from 
six archaeological sites dated back to the Early Iron 
Age (EIA), with the aim of correlating them, locat-
ing probable production centres, and identifying ex-
change networks. The studied sites include the EIA 
sanctuaries of Gluhite Kamani near the village of 
Malko Gradishte, Ada Tepe near Krumovgrad, Me-
nekenski Kamani near Madzharovo, Kodzha Kaya 
near the village of Yastreb, the ritual pits complex 
near the village of Dolno Cherkovishte and a settle-
ment near the village of Biser. Thе presented corre-
lation is based on the published archaeometric stud-
ies on the inclusions of rocks and minerals in the 
ceramic body, which composition is an important 
indicator of the source of the raw material, as well 
as the technology used for their production and fir-
ing temperature (Yankova et al., 2012; Marinova, 
Pristavova, 2018; 2020; 2022; 2023; Marinova, 
2020; Marinova et al., 2023). All the archaeological 
sites discussed have been studied by archaeological 
teams led by Georgi Nekhrizov in different years 
(Nekhrizov, 1995, 2009, 2015; Nekhrizov, Tzvet-
kova, 2009, 2012; Nekhrizov, Mikov, 2002; Nekhr-
izov et. al., 2024). 

Materials and methods

The material used is from about 200 fragments of 
ceramic artеfacts with different purposes from the 
six archaeological sites under the EIA. The analysis 
includes fragments representing all technological 
groups from the main categories of vessels, such as 
pots, cups, jugs, amphorae, and bowls. An impor-
tant observation is the attested disproportion in the 
sanctuaries of the Eastern Rhodopes between ves-
sels used for food and those for drinking in favour 
of the latter, which might be attributed to the spe-
cific cult practices (Nekhrizov, Tzvetkova, 2012). 

To make a correlation, published results of op-
tical microscopy, powder diffractometric analysis 
(XRD) to identify mineral phases and probable fir-
ing temperature range and scanning electron mi-
croscopy (SEM-EDX) to determine structure and 

manufacturing technology are used. All obtained 
results were statistically processed. The statistical 
analysis used Principal Component Analysis (PCA) 
and a hierarchical clustering method as a control 
method. Principal Component Analysis (PCA) is 
a statistical method used to reduce the complexity 
of large datasets by transforming the original vari-
ables into a smaller set of new, uncorrelated vari-
ables called principal components. This technique 
is widely used in geochemistry to identify hidden 
patterns, geochemical trends, and element associa-
tions. It helps to identify underlying patterns and as-
sociations between variables that may not be obvi-
ous at first glance. 

Before conducting the statistical analysis, all 
variables were standardized using z-score normali-
zation to eliminate the effects of differing measure-
ment scales. The dataset comprised both categorical 
and quantitative indicators related to the distribu-
tion of rock and mineral inclusions. All analyses 
were carried out using standard statistical software 
packages (Jamovi).

Results

The site Gluhite kamani involves the statistical 
analysis of over 100 ceramic artefacts discovered 
during archaeological studies of the cultural lay-
ers from the EIA. Published data on the composi-
tion of the artefacts from the site (Jelev et al., 2010; 
Yankova et al., 2012; Marinova, Pristavova, 2018; 
Marinova, 2020) indicate a significant diversity in 
composition. The artefacts can be categorised into 
ten groups based on their mineralogical and petro-
graphic characteristics. A unifying feature of these 
groups is the presence of rock inclusions from acid 
volcanics, including rhyolites, trachyrhyolites, and 
perlites (Fig. 1A1). These inclusions are from rocks 
outcropping both in the site area and its surround-
ings, suggesting that the raw materials used for 
pottery production were of a local source. The es-
tablished firing temperature range for the ceramics 
is wide, spanning from 500 to 850 °C (Marinova, 
2020), with variations in the firing regime – either 
oxidative or reductive. Other researchers have clas-
sified the pottery into two groups based on firing 
temperature: high-temperature ceramics (750–
800  °C) with an illite-dominant composition; and 
low-temperature ceramics (400–600  °C) with a 
montmorillonite-dominant composition (Jordanova 
et al., 2017, 2024). These authors assumed that the 
site may contain pottery from two different raw ma-
terial sources or that it includes products made us-
ing distinct firing technologies.
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Fig. 1. A1) Rock inclusion of the acid volcanic rock with spherulitic texture (Gluhite Kamani), cross-polarized light (CPL), obser-
vation field wide (Ob.F.W.)=1900 μm; A2) Enriched of amphibole inclusions pottery (Ada tepe), CPL, Ob.F.W.=1900 μm; A3) In-
clusion of intermediate volcanic rock (centre) with oval shape (Menekenski Kamani), Plane-polarized light, Ob. F. W. = 1900 μm; 
A4) Volcanic rock inclusion (centre) and matrix enriched of quartz inclusions – grey-white grains, (Dolno Cherkovishte), CPL, 
Ob.F.W.=3900 μm; B) Principal Component Analysis (PCA) according to the distribution of rock inclusions in ceramic artefacts 
from the different sites; C) Scheme of probable connectivity between archaeological sites; D) Dendrogram from the applied а 
hierarchical clustering method.

In contrast, the site Ada Tepe (sanctuary) con-
tains compositionally different ceramic material 
of natural inclusions compared to those of Gluhite 
Kamani. Here, the ceramics contain rock inclusions 
primarily of metamorphic sources such as quartz-
ites, schists, gneisses, and amphibolites. Volcanic 
rocks of both acidic and basic composition are 
scarce. Additionally, mineral inclusions in these ce-
ramics are of quartz, micas, epidote, amphibole, and 
feldspars (Marinova, Pristavova, 2018; Burke et al., 

2025). Some of the ceramic artefacts studied appear 
to be significantly different from others, suggesting 
that they could be imported (Fig. 1A2). The estab-
lished firing temperatures for these ceramics range 
from 500 to 850 °C.

The ceramic artefacts studied from the Kodzha 
Kaya (a sanctuary) and Biser (a settlement) sites 
show similarities to those from Gluhite Kamani. 
They are mostly of rock inclusions from acidic vol-
canics (Marinova et al., 2023). The similarities in 
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characteristics (structure) and firing temperatures 
suggest that these sites may have a common produc-
tion centre or maintained close connections through 
material exchange. This idea is further supported by 
the fact that the sites are located close to each an-
other (Fig. 1A3).

At the Menekenski Kamani site (sanctuary), 
the ceramic material consists mostly of local raw 
materials associated with volcanic rocks from the 
Meneken Unit (Sarov et al., 2008), mainly fine to 
medium-porphyry latites, latite lava-breccia, and 
tuffs (Fig. 1A4). This composition includes a lim-
ited presence of quartzite and schist inclusions, 
along with minerals like quartz, plagioclase, biotite, 
pyroxene, ore minerals, K-feldspar, micas, epidote, 
and amphibole (Marinova, Pristavova, 2020). The 
firing temperatures established for these artefacts 
reach up to 800–850 °C. 

The composition of rock and mineral inclusions 
found in ceramics from the Dolno Cherkovishte site 
(pit complex) is similar to that from the Menekenski 
Kamani site (Marinova, Pristavova, 2020), which al-
lows us to suggest a single source of the raw material 
or a very close connection between these two sites. 
The primary distinction is that the artefacts from 
Dolno Cherkovishte were fired at significantly lower 
temperatures, reaching only up to 500–550 °C. 

The sites are clustered using a cluster dendro-
gram and PCA biplot between the first two princi-
pal components. Together, these two dimensions 
explain ~75.5% of the total variance in the dataset – 
meaning most of the information is captured here 
(Fig. 1B). 

The applied statistical methods (Principal Com-
ponent Analysis (Fig. 1B) and hierarchical clustering 
(Fig. 1D) effectively demonstrate the similarities in 
the rock inclusions in the ceramic artefacts between 
the archaeological sites of Gluhite Kamani, Biser, 
and Kodzha Kaya on one side, and those from Me-
nekenski Kamani and Dolno Cherkovishte on the 
other. Some specific characteristics such as the dom-
inant presence of inclusions from high-grade meta-
morphic rocks, in the artefacts from the Ada Tepe 
site, distinguish them from the others. Each arrow 
on the graph represents one rock type variable. The 
direction shows how that variable contributes to the 
PCA dimensions. The length shows its importance 
(longer = stronger influence / higher variance). An-
gles between arrows reflect correlation: Small angles 
→ strong positive correlation; Opposite directions 
→ negative correlation; Right angles (90°) → un-
correlated variables. The correspondence between 
PCA and hierarchical clustering serves as an internal 
validation of the statistical model and confirms the 
reliability of the observed relationships between the 

sites. Clustering reflects differences in the geological 
nature of the raw materials used.

Conclusions

he results obtained from the studies of ceramic ar-
tifacts by EIA, all of which were produced on a 
wheel, based on the rock and mineral inclusions 
contained in the ceramic body, as well as the pro-
duction method and firing temperature, allow us to 
assume certain dependencies between the studied 
objects (Fig. 1, C), as follows:

– Between the sanctuaries Gluhite kamani, 
Kodzha Kaya, and the settlement of Biser, a simi-
larity in the composition of artefacts and production 
technology is registered, which suggests a possible 
common source of raw material, a production centre 
located in the region, as well as а potential exchange 
between sites; 

– A similarity in the composition of the ceramics 
was established at the sanctuary Menekenski Kama-
ni and the ritual pits Dolno Cherkovishte, suggesting 
close sources of the raw material. The difference in 
the ceramic material here is the firing temperature, 
which can be explained by different intended uses 
of the fragments;

– The studied artefacts from the sanctuaries 
Gluhite kamani and Ada Tepe do not show a clear 
similarity in the composition of the used raw ma-
terial. Only sporadic fragments are with similar 
composition, which could be the result of limited 
exchange between these two sites;

– At the sanctuaries Gluhite Kamani, Menek-
enski Kamani, and Ada Tepe, a similarity in the 
structure of the ceramic material (the ratio of clay 
to natural inclusions and temper) was established, 
suggesting the use of a similar manufacture recipe;

– Both the PCA biplot and the hierarchical clus-
ter dendrogram illustrate consistent patterns in the 
grouping of the studied sites based on the similarity 
of their rock/mineral inclusions in the ceramic frag-
ments. The analyses used reveal three major groups 
among the sites, reflecting differences in the com-
position of the raw material provenance; 

– As a form of internal validation, the results 
of the PCA were compared with the hierarchical 
cluster analysis, both of which produced identical 
grouping patterns. This agreement acts as a con-
firmatory statistical approach and demonstrates the 
stability and robustness of the identified structure 
within the dataset.

The results indicate that the rock-cut complex 
Gluhite Kamani plays a central role among the sites 
in the Eastern Rhodopes. The established connec-
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tivity between individual sites, shared sources of 
raw materials, common production technologies, 
and the exchange of ceramic inventory suggests the 
presence of local traditions during the Early Iron 
Age. Future studies may confirm or challenge these 
hypotheses.
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