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Introduction
The ceramic artifacts are the most popular archaeo-
logical finds with great importance in clarifying the 
development of human life in the past. Mineral-pet-
rographic studies of ceramic artifacts are essential 
to characterize the raw materials used to produce 
them, the source of the raw materials and the manu-
facturing technology. 

The subject of this study are ceramic artifacts 
from the archeological sites “Menekenski kamani” 
and “Dolno Cherkovishte” from Southeastern Bul-
garia. Archaeological sites have been studied in dif-
ferent periods and they are represented as sanctu-
ary – “Menekenski kamani” situated in the WSW 
direction from the town of Madzharovo (Nekhrizov, 
Mikov, 2000) and a pit complex – “Dolno Cherko-
vishte”, SW from the village of the Dolno Cherkov-
ishte (Nekhrizov, Tzvetkova, 2009). From geologi-
cal point of view, the site “Menekenski kamani” is 
located among the volcanites of the Menekenska 
Unit, composed mainly by fine to medium-porphy-
ry latites, latite lava-breccia and tuffs (Sarov et al., 
2007). The site “Dolno Cherkovishte” is located 
among the rocks of two of the units from the Zi-
movina volcanic complex – tuffite-tuff association 
and rhyolites (Yordanov et al., 2007).

Methods

The studied ceramic artifacts from the archeologi-
cal sites belong to the Early Iron Age. A complex 
research methods has been applied to characterize 
them included: optical study in transmitted light 
using Meiji polarizing microscope and OLIMPUS 

5060 digital camera; inductively coupled plasma 
– optical emission spectrometry (ICP-OES); scan-
ning electron microscopy (SEM-EDX) with JEOL 
JSM-6010 PLUS / LA and X-ray diffraction meth-
od (XRD) with BRUKER D2 Phaser. The research 
was conducted in the laboratories of the MGU “St. 
Ivan Rilski”.

Results
The various mineral and rock inclusions involved 
in the composition of ceramics, their sizes, shape 
and orientation, the frequency of presence (semi-
quantitative analysis), as well as the treatment of 
the surfaces during the manufacture have identified 
by optical studies. The obtained results for ceramic 
artifacts from the site “Menekenski kamani” are fol-
lowing: rock inclusions from intermediate volcanic 
rocks are dominating (Fig. 1a); inclusions of quartz-
ite and schists are presented also; mineral inclusions 
are mainly of quartz, plagioclase, biotite, pyroxene, 
ore minerals and less of K-feldspar, muscovite, epi-
dote and amphibole. The artifacts from the “Dolno 
Cherkovishte” show similar composition with rock 
inclusions of volcanic rocks (acid to intermediate 
ones) and less quantity of inclusions of quartzite 
(Fig. 1b). Mineral inclusions by quartz, plagioclase, 
K-feldspar, amphibole and muscovite, biotite and 
ore minerals are represented in a small quantity.

The obtained data on the chemical composition 
of the ceramic artifacts from the two sites show their 
relative similatities. The artifacts from the “Dolno 
Cherkovishte” are characterized by higher con-
tents of SiO2 (63.46–64.0%) and lower Al2O3 (up 
to 16.00%) and Fe2O3 (up to 5.05%) compared to 
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those from the “Menekenski kamani”, where SiO2 
is in the frame of 58.79–59.02%, Al2O3 from 18.89 
to 19.03% and Fe2O3 – 6.05% . These variations of 
the contents of these elements in the ceramics could 
be a result of the limited quantity of quartzites and 
increasing of amphibole and biotite inclusions from 
the “Manekenski kamani” site. The contents of the 
other elements are relatively close. 

On the structure of ceramics and the composition 
of some mineral phases included in ceramic body 
the new information by SEM-EDX analyses was 
obtained. The chemical analyses of the plagioclase 
inclusions determine their composition as follows: 
for the ceramics from the “Menekenski kamani” 
site it is oligoclase (An16.31–24.53) and from the “Dolno 
Cherkovishte” site it is oligoclase-andesine (An31.35) 
to andesine (An34.48–39.63) (Fig. 1c). The chemical 
analyses of the amphibole inclusions showed the 
presence of calcium amphiboles (Fig. 1d). They 

are represented by pargasite from the “Menekenski 
kamani” and pargasite and magnesio-hornblende in 
the ceramics from “Dolno Cherkovishte”.

The results of the applied XRD analyse of repre-
sentative ceramic artifacts from the investigated ar-
cheological sites confirmed the optically determined 
mineral composition and registered the presence of 
illite from the “Menekenski kamani” and montmo-
rillonite in the ceramic from “Dolno Cherkovishte”.

Conclusions and discussion
The microscopic research of the artifacts from the 
sanctuary “Menekenski kamani” and ritual pits 
“Dolno Cherkovishte” shows a similarity in com-
position with a strong presence of inclusions of vol-
canic rocks in them. The volcanic rocks are revealed 
near the two sites – Yumurchalski and Menekenski 
latites where the object “Menekenski kamani” is sit-

Fig. 1. а, b, microphotos of the studied ceramic artifacts: a, inclusion of intermediate volcanic rock with oval shape (centre, yellow 
arrow), plane-polarized light, observation field wide (Ob. F. W.) 1980 μm; b, volcanic rock inclusion (yellow arrow) enriched of 
quartz inclusions (grey grains), cross-polarized light, Ob. F. W. 3900 μm; c, SEM images of ceramics with marked studied areas 
and composition of the plagioclase inclusions after Marshall (1996); d, composition of the amphibole inclusions in the ceramic 
artifacts after Hawthorne et al. (2012)
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uated on the latites from the Madzharovo volcanic 
subcomplex. This fact suggests a local source of the 
raw material and close transport to the sanctuary and 
ritual pits. For the local source of the raw material 
used for production of the ceramic is evidence, also, 
by the established mineral inclusions of oligoclase 
at “Dolno Cherkovishte”, which can be associated 
with the acid Paleogene volcanic rocks and with 
the gneisses from the metamorphic basement in the 
area. The presence of plagioclase (andesine) inclu-
sions in the ceramics from the “Menekenski kama-
ni” could be from the rocks from the volcanic com-
plexes cropping out near the site area and probably 
from the sediments on the banks of the mainstream 
of the Arda river, also. The amphibole inclusions 
in the ceramic composition clearly correlate with 
the amphiboles from the Paleogene volcanic rocks 
from the Eastern Rhodopes (Yanev, Ivanova, 2010) 
and those from the Thracian lithotectonic unit. The 
data on their chemical composition can be related to 
the clay used for ceramic production which could be 
a product of the alteration of the intermediate vol-
canic rocks from the region.

The established mineral phases by XRD study 
gives information for distinct technology of pro-
duction of the artifacts, expressed in different fir-
ing temperature of the artifacts from the two objects 
– the ceramics from “Dolno Cherkovishte” have low 
temperature of firing (up to 500–550 °C), accord-
ing to the established presence of montmorillonite 
and up to 800 (850) °C for the site “Menekenski 
kamani” due to the presence of illite. The absence 

of tridymite and glazing in the matrix suggest this 
upper limit of the temperatute of firing.

The obtained results suggest the local nature of 
the raw material used to make the ceramics from the 
two sites and different technology of its production.
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