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Abstract: Medieval glazed ceramics, dated to the early 15th century, excavated 
at the Belgrade Fortress, Serbia, were investigated by combining optical micro-
scopy, X-ray powder diffraction (XRPD), scanning electron microscopy with 
energy-dispersive spectroscopy (SEM-EDS), micro-Raman spectroscopy and 
multivariate statistical analysis. The decoration and style of the investigated 
ceramics were characteristic of workshops from different areas of the medieval 
Serbian State: Ras, Kruševac and Belgrade/Smederevo. Comparison was made 
with ceramic samples from the same period excavated at the Studenica Monas-
tery, the hitherto earliest workshop discovered, which were used as reference 
material for the Ras area. Ceramics from the Belgrade Fortress were covered 
with a transparent, lead-based glaze. The majority of the glazes were produced 
by application of mixture of lead oxide and quartz to the clay body, whereas 
only two samples were glazed by application of lead oxide by itself. The brown 
colours of the glaze originated from Fe-based spinel, whereas copper and iron 
were responsible for the colouring of the green and yellow glazes. The 
obtained results revealed glazing technology taken from Byzantine tradition. 
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INTRODUCTION 
Glazes are applied on ceramic vessels for protective as well as for decorative 

purposes. After production of transparent lead glaze, about the 1st century A.D.,1 
glazing became a widespread and important technological procedure. Between 
the 11th and 12th centuries, Byzantine glazed ceramics became recognizable by 
vessels produced combining glazing with painting and incisions to create pro-
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ducts with specific decorations; the most famous products were slip-painted and 
sgraffito wares.2 Numerous studies have been dedicated to Byzantine glazed 
ceramics from the point of view of decoration and style, identification of work-
shops, but also determination of materials and production technologies and some-
times provenience.3–9 Medieval Balkan states, Bulgaria and Serbia, each in its 
own way, inherited Byzantine decorative techniques and used them to develop 
their own design of tableware.10,11 

Several archaeometric studies of medieval glazed pottery from the most sig-
nificant centres of the medieval Serbian State have been performed: the first state 
capital Ras,12 the first monastery Studenica13,14 and the most important mining 
centre Novo Brdo.15 Considering the raw materials and procedures employed in 
their manufacture, the investigations confirmed the local pottery production and 
originality.  

Belgrade was the capital of the Serbian medieval state at the beginning of 
15th century. The focus of this study is glazed pottery originating from that 
period excavated from the area of the Belgrade Fortress. The investigated 
samples have been classified by archaeologists in three groups based on decor-
ation characteristics of the workshops from the three different areas of the medi-
eval Serbian state: Ras, Kruševac and Belgrade/Smederevo. The aim of this work 
is to identify the materials used for pottery production as well as the glazing tech-
nology. The multi-analytical approach was employed to achieve this aim using 
optical microscopy, X-ray powder diffraction (XRPD), scanning electron micro-
scopy with energy-dispersive spectroscopy (SEM-EDS), micro-Raman spectro-
scopy and multivariate statistical analysis.  

The Belgrade Fortress is regularly used as an exhibition space but the partial 
archaeological excavation performed so far did not provide enough archaeo-
logical (and ceramic) material to be a solid starting point for consideration of 
“the Belgrade pottery workshop”, i.e., the organization of ceramics production 
within the city area. Therefore it was difficult to determine the potential sources 
of raw materials for the pottery investigated in this work. However, the majority 
of medieval glazed pottery samples excavated at the Belgrade Fortress are rel-
ated, based on decoration and style, to pottery produced in the Ras area.10 For 
this reason, pottery samples from the Ras area, well characterized in recent 
archaeometric studies, dated to the 14th to early 15th century and found in the 
Studenica Monastery, were used in this work as material for comparison.13,14 
Previous investigations showed the use of local raw materials for the preparation 
of the clay body and local pottery production.13,14  

An archaeometric study of glazed pottery shards found at the Belgrade Fort-
ress could contribute to the understanding of pottery production technology in 
Serbia in the late medieval phase and would be an addition to the existing archae-
ometric data on Serbian medieval ceramics.  
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EXPERIMENTAL 
Description of samples. Pottery fragments are usually the most numerous finds at excav-

ation sites, but in this case only about 50 shards of glazed ceramic vessels were discovered 
during archaeological excavations at the Belgrade Fortress. The main reasons for such a small 
number of finds are: 1) the partial exploration of the Belgrade Fortress and 2) atypical samples 
were discarded in accordance with museum practice at the time. Some of the excavated shards 
were used for complete reconstruction of five original vessels.16 Therefore, 16 glazed pottery 
shards that represent this collection were investigated, out of which 13 shards underwent mini-
mal damage. All investigated pottery samples were shards of jugs formed using a fast-turning 
(foot) potter’s wheel. Photographs of the investigated samples are given in Table S-I of the 
Supplementary material to this paper. The investigated samples were classified into three 
groups (Group I – 3 samples (BG-1, BG-2, BG-4), Group II – 11 samples and Group III – 2 
samples (BG-12, BG-15)) based on the decoration techniques and colours (archaeological 
context and detailed description of the samples are given in the Supplementary material). Five 
pottery shards, which were part of large assemblage of 43 pottery shards excavated in Stu-
denica Monastery and characterized by multi-analytical approach in earlier studies,13,14 were 
used as reference material in this study.  

Analytical methods. Cross sections of all investigated ceramic shards were recorded by a 
Citoval 2 binocular stereo microscope, Carl Zeiss, Jena, under magnification ×16. 

The chemical compositions of the body and the glaze of 13 samples from the Belgrade 
Fortress, BG-1, BG-2, BG-3, BG-4, BG-5, BG-6, BG-9, BG-10, BG-11, BG-12, BG-13, BG- 
-14, BG-15, and five samples from the Studenica Monastery, S2.33, S2.34, S2.36, S2.37, 
S2.42, were obtained by scanning electron microscopy with energy-dispersive spectroscopy 
(SEM-EDS). Small fragments of the investigated pottery shards were cut, polished and ana-
lyzed uncoated by a Phenom ProX desktop scanning electron microscope (SEM) equipped 
with a fully integrated energy dispersive spectrometer (EDS) alongside an elemental identific-
ation software package. The analyses were performed under an acceleration voltage of 15 kV. 
A minimum of five areas of 150×150 μm2 were analysed on each sample to obtain a repre-
sentative composition; the data were normalized to 100 wt. % oxides.  

With the aim of comparing samples from the two archaeological sites, multivariate sta-
tistical analysis was performed on SEM-EDS data using PLS_ToolBox v. 8.7, MATLAB 
vR2017b. Hierarchical cluster analysis (HCA) was made using the Ward method and Euc-
lidean distance on the compositional data of the ceramic body. Centred log-ratio transform-
ation of the data was applied, which decreases the difference between the magnitudes of the 
major and minor oxide concentrations.17 This transformation consisted of dividing each indi-
vidual variable value by its geometric mean, and logarithmic transformation to base 10. A 
dataset with 18 samples consisting of the chemical composition of the ceramic body with 
18×8 matrix was analysed.  

X-Ray powder diffraction patterns were recorded at room temperature on a Rigaku 
Ultima IV diffractometer in Bragg–Brentano geometry, with Ni-filtered CuKα radiation 
(λ = 1.54178 Å), applied voltage U = 40 kV and current I = 40 mA. The diffraction data were 
acquired over the scattering angle 2θ from 2 to 50° with a step of 0.020° at an acquisition rate 
of 1° min-1. 

Micro-Raman spectra of the glazes of all investigated samples were recorded directly on 
the glaze surface, at various points on each sample using a DXR Raman microscope (Thermo 
Scientific). In addition, in order to identify particles in the clay paste, micro-Raman spectra 
were recorded at different points of the cross sections of all investigated samples. The 532 nm 
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line of a diode-pumped solid state high brightness laser was used as the exciting radiation and 
the power of illumination at the sample surface was 10 mW. The scattered light was collected 
through an Olympus microscope with infinity-corrected confocal optics, 50 µm pinhole aper-
ture, standard working distance objective ×10, grating of 900 lines mm-1, and a resolution of 2 
cm-1. The acquisition time was 10 s with 10 scans. Thermo Scientific OMNIC software was 
used for spectra collection and manipulation. The Raman spectra from in-house data base and 
the literature18 were used for the identification of the pigments and minerals by comparison 
with the recorded spectra.  

RESULTS AND DISCUSSION 

Ceramic body 
In order to understand the glazing production technology, it is also important 

to characterize the ceramic body of the investigated samples. Acquiring this 
information would lead to a better understanding of the knowledge transfer in 
that particular historical period.7 

Microstructure. Optical micrographs of polished cross sections can provide 
information about pottery fabrics and consequently, indications about pottery 
production. The cross sections, shown in Fig. 1, reveal differences in the texture 
and colour of samples from group I (BG-4) compared to samples from the groups 
II (BG-5 and BG-8) and III (BG-15). Fine-grained fabric with small inclusions is 
characteristic of the samples from group I. The other samples (from groups II and 
III) have a quite uniform medium-grained fabric, with rounded, medium–coarse 
inclusions with noticeable particles that have an equant angular shape. Optical 
micrographs of cross sections of all investigated samples are given in Supple-
mentary material (Table S-I).  

 
Fig. 1. Cross sections of typical samples from the investigated groups, the Belgrade Fortress 

and the Studenica Monastery: a) BG-4; b) BG-5; c) BG-8; d) BG-15; e) S2.33; f) S2.36. 
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The micro-Raman spectroscopy revealed that the majority of the inclusions 
originate from quartz, which could be present as sediment but also as temper.19 
Voids present in the cross sections of all samples may indicate the release of air 
trapped in the clay paste during the kneading and construction processes or insuf-
ficient and improper drying of the vessels. Uniform matrix colours, red for BG-1 
and BG-4 and yellowish red for BG-2, and presence of hematite identified by 
micro-Raman spectroscopy indicate firing in oxidizing conditions for samples 
from group I.14 For the samples BG-3, BG-5, BG-11, BG-12, BG-13, the outer 
parts are light red and the inner parts are darker different shades of brown, which 
indicates a rapid firing procedure. The pottery shards from the Belgrade Fortress, 
groups II and III, have similar fabric and clay colour to the pottery shards from 
the Studenica Monastery. The samples from Studenica have medium-grained fab-
ric, but the particles are large and have different sizes contrary to the samples 
from Belgrade Fortress that have uniform-sized particles. The samples have 
either the core darker than the edges (e.g., S2.37) or a bright outer edge and a 
dark inner edge (S2.42). Cross section of sample S2.34, dark grey core and 
orange–brown outer margin, indicate a short firing or hasty cooling in air when 
the vessel was still hot.19  

Chemical composition. The chemical composition of 13 pottery samples 
from the Belgrade Fortress and 5 pottery samples from the Studenica Monastery 
was determined by SEM-EDS (Table I). The samples BG-1, BG-4 and BG-15, 
based on low amount of lime (less than about 5 wt. %), belong to the group of 
non-calcareous clay. In addition, a low content of calcium oxide classifies the 
clay used for the production of samples from Studenica as non-calcareous, as 
previous studies have shown.13,14 

The other samples from the Belgrade Fortress contained higher amounts of 
lime and samples BG-2 and BG-12 could be classified as calcareous clay having 
lime contents higher than about 10 wt. %. The results obtained for all inves-
tigated samples show relatively high alumina (≈20 wt. %) and iron oxide (up to 
≈15 wt. %) contents and relatively low contents of alkali oxides. These findings 
are in good agreement with the results of chemical analysis of six glazed samples 
from the Belgrade Fortress, dated to different periods between 11th and 15th 
centuries published in 1970.20 However, a detailed description of the studied 
samples is missing and it is not clear which vessels were subject of investigation. 
Consequently, it can only be considered as a preliminary study. 

The HCA results of the chemical composition of the ceramic body of all 
studied samples are shown in Fig. 2. As TiO2 was under the detection limits for 
certain samples, this variable was omitted from the statistical analysis. 

Two clusters can be seen in dendrogram obtained by the Ward method and 
Euclidean distance (when cut at distance 1). The samples are distinguished based 
on both the calcium oxide and iron oxide content. The first cluster is composed 
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of the samples from Belgrade Fortress that all have a higher content of calcium 
oxide (above 5 wt. %). The second cluster consists of the samples found in the 
Studenica Monastery and three samples found at the Belgrade Fortress (BG-1, 
BG-4 and BG-15). They all have a low content of calcium oxide (under 2.5 wt. 
%). The grouping of BG-1 and BG-4 within the “cluster Studenica” (in contrast 
to BG-2), as well as BG-12 within the “cluster Belgrade” (in contrast to BG-15) 
show two different ways of raw material preparation (clay and temper) among 
samples belonging to the same decorative circle.  

TABLE I. The chemical composition (Content (standard deviation), wt. %) of ceramic body 
of samples from the Belgrade Fortress and the Studenica Monastery determined by SEM- 
-EDS; oxide concentration normalized to 100 wt. %; standard deviation shown in brackets; 
n.d. – not detected 

Sample 
Component 

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2 
BG-1 58.3 (4.9) 19.5 (0.1) 12.1 (4.1) 1.3 (0.2) 3.0 (0.4) 2.8 (0.1) 1.6 (0.3) n.d. 
BG-2 49.1 (2.5) 17.0 (0.1) 9.3 (0.8) 16.3 (0.9) 2.8 (0.1) 3.1 (0.2) 1.0 (0.3) 0.7 (0.1) 
BG-3 70.1 (3.7) 12.0 (3.3) 6.6 (0.4) 6.2 (1.9) 2.0 (0.4) 1.9 (0.8) 0.8 (0.1) 0.4 (0.1) 
BG-4 58.0 (6.1) 20.7 (3.2) 12.1 (1.7) 0.9 (0.1) 2.6 (0.4) 2.8 (0.5) 2.0 (0.4) 0.3 (0.1) 
BG-5 62.2 (2.4) 17.6 (1.7) 6.1 (1.7) 7.9 (0.3) 2.7 (0.3) 2.3 (0.3) 1.3 (0.3) n.d. 
BG-6 54.7 (1.7) 22.2 (0.3) 7.4 (1.0) 6.9 (0.1) 3.6 (0.5) 2.8 (0.3) 1.8 (0.1) 0.5 (0.2) 
BG-9 55.8 (3.6) 22.2 (1.6) 7.5 (0.5) 5.6 (0.7) 3.3 (0.2) 2.2 (0.2) 2.6 (0.4) 0.5 (0.1) 
BG-10 57.7 (2.5) 17.2 (2.1) 11.4 (1.8) 7.2 (2.1) 2.8 (0.6) 1.4 (0.6) 1.3 (0.1) 0.6 (0.1) 
BG-11 55.4 (1.1) 22.2 (0.9) 8.2 (3.7) 6.9 (1.2) 2.7 (0.2) 2.5 (0.3) 1.8 (1.4) 0.2 (0.1) 
BG-12 49.7 (2.0) 20.8 (0.8) 8.9 (2.0) 13.3 (2.8) 2.9 (0.2) 2.8 (0.1) 2.3 (0.6) n.d. 
BG-13 63.9 (5.9) 16.1 (1.5) 7.9 (1.4) 5.2 (1.6) 2.2 (0.4) 2.2 (0.5) 2.4 (0.6) 0.5 (0.1) 
BG-14 51.3 (2.0) 22.0 (0.1) 8.4 (1.1) 9.5 (0.4) 3.9 (0.1) 2.6 (0.1) 1.6 (0.1) 0.5 (0.1) 
BG-15 62.1 (4.7) 19.6 (3.8) 9.7 (2.3) 2.5 (0.7) 2.5 (0.7) 2.4 (0.2) 1.3 (0.1) n.d. 
S2.33 53.4 (0.8) 21.1 (0.3) 15.4 (1.2) 1.3 (0.1) 3.8 (0.4) 2.9 (0.2) 0.8 (01) 1.0 (0.1) 
S2.34 53.0 (1.0) 24.2 (1.1) 12.3 (1.3) 1.7 (0.3) 2.7 (0.2) 3.8 (0.9) 1.3 (0.1) 0.4 (0.1) 
S2.36 56.9 (0.3) 22.0 (0.3) 11.2 (0.5) 2.2 (0.1) 2.4 (0.4) 2.9 (0.1) 2.3 (0.6) n.d. 
S2.37 64.7 (2.7) 18.1 (1.0) 4.6 (1.0) 2.4 (0.7) 1.7 (0.2) 4.4 (0.6) 3.5 (0.2) 0.3 (0.1) 
S2.42 55.8 (1.4) 22.0 (0.9) 13.2 (0.5) 1.4 (0.8) 3.7 (0.8) 2.4 (0.2) 1.2 (0.4) 0.2 (0.1) 

Mineralogical composition. The XRPD patterns of representative samples 
from Belgrade Fortress are shown in Fig. 3. Characteristic reflections of quartz 
are dominant in the patterns of all the investigated samples. Moreover, character-
istic reflections of feldspar from the plagioclase group were detected in all 
samples. The presence of phyllosilicates (illite/muscovite) were detected for 
samples BG-2, BG-3, BG-5, BG-12 and BG-15. Except sample BG-15, all other 
samples from groups II and III contained reflections of high temperature phases, 
diopside and gehlenite, which were not present in the samples BG-1 and BG-4 
from group I. This finding is in agreement with the CaO content detected by 
SEM-EDS analysis (Table I). The mineralogical composition of samples BG-1, 
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BG-4 and BG-15 were very similar to the mineralogical composition of samples 
from the Studenica Monastery determined by multiphase Rietveld analysis of 
high resolution diffraction patterns in an earlier study.14 This agrees with results 
obtained from the EDS measurements in this work. 

 

Fig. 2. Hierarchical clustering dendrogram 
of the chemical composition of ceramic 
body of the samples from the Belgrade 
Fortress and the Studenica Monastery. 

 
Fig. 3. XRPD patterns of representative samples from the Belgrade Fortress. Abbreviations:  

Il/M-illite/muscovite, Q-quartz, P-plagioclase, D-diopside, G-gehlenite, He-hematite.  

The mineralogical composition provides information about the firing pro-
cess, such as estimation of the firing temperature or the atmosphere in the kiln 
used for the production of the ceramics. Phyllosilicates disappear at temperatures 
between 900 and 950 °C,12 whereas gehlenite forms between 800 and 850 °C in 
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a reaction between calcite and the clay mineral illite.21 Therefore, the identified 
minerals suggest firing temperatures higher than 800–850 °C, but lower than 950 
°C. The firing temperature for the samples from the Studenica Monastery was 
estimated at 900 °C in a previous study.14 The presence of hematite indicates 
oxidizing conditions during the firing process, which is in agreement with the 
reddish colour of the ceramic body. 

Glaze 
The average thickness of the investigated glazes was in the range 60–300 

μm. The thickness of the glaze varies among samples but also from one part to 
another of a particular sample. The glazes were well preserved; the majority of 
the samples were covered on one side, whereas samples BG-5, BG-6, BG-8, BG-
10, BG-14 and BG-15 were covered with glaze on both sides. 

Glazing method. Chemical composition of glazes of pottery found at the Bel-
grade Fortress and the Studenica Monastery determined by SEM-EDS are shown 
in Table II. The content of lead oxide was high and varied from ≈50 to ≈75 wt. 
%. The alkali contents (Na2O + K2O) were rather low, up to ≈2 wt %. Conse-
quently, the glazes of all investigated samples could be classified as lead-rich 
glazes, with lead oxide as flux agent. Only two colorants were detected: Cu and Fe.  

Two glazing techniques, i.e., application of a mixture of lead oxide and 
quartz or application of lead oxide alone on the surface of the ceramic body, 
could be distinguished when the glaze compositions was renormalized after sub-
traction of the lead oxide as well as copper oxide and iron oxide (considered as 
purposely added colorants).22 For the majority of the investigated samples, the 
concentrations obtained after the subtraction and renormalization did not match 
the composition of the body. The silica content in the glaze, calculated in this 
way, was higher than in the body (Fig. S-2, Supplementary material) and the alu-
mina content in glaze was lower than in the body, indicating that glazing was 
performed applying mixture of lead oxide and quartz.22 Only for samples S2.37, 
BG-3 and BG-13 did the calculated concentrations match the composition of the 
body (Fig. S-2), indicating that these samples were glazed by application of lead 
oxide alone. 

Additionally, a glaze can be applied on an unfired ceramic body or on a bis-
cuit-fired body. Investigation of the body-glaze interface leads to the differentiat-
ion between these two methods.7,9,23 The formation of lead potassium feldspars 
in the body-glaze interface is a consequence of diffusion of elements from the 
body to the glaze during firing and it is more pronounced if the glaze is applied 
on an unfired body (Fig. 4, left). These findings are an indication that the samples 
BG-1, BG-3, BG-4, BG-9, BG-10, BG-13, BG-14 and BG-15 as well as the 
samples from the Studenica Monastery were fired once only. An absence of lead 
potassium feldspars in the body-glaze interface (Fig. 4, right) is an indication of a 
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biscuit-fired ceramic body before application of the glaze, which was the case for 
the rest of the investigated samples. 

TABLE II. Chemical composition (Content (standard deviation), wt. %) of glazes of samples 
from the Belgrade Fortress and the Studenica Monastery determined by SEM-EDS; oxide 
concentration normalized to 100 wt. % 

Sample Glaze 
colour

Component 
PbO SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O CuO TiO2 

BG-1 Green 53.5 
(1.5) 

27.4 
(1.1) 

7.5 
(0.1) 

6.9
(1.4) 

1.7
(0.1) 

0.6
(0.5) 

2.0
(0.2)

0.3
(0.1) 

0.2 
(0.1) 

n.d. 

BG-2 Green–
brown

64.3 
(2.5) 

23.9 
(3.5) 

3.6 
(0.6) 

4.0
(0.7) 

1.1
(0.3) 

0.6
(0.1) 

0.2
(0.1)

0.2
(0.1) 

1.8 
(0.8) 

0.2 
(0.1) 

BG-3 Light 
green 

71.1 
(1.9) 

18.8 
(0.2) 

5.5 
(0.5) 

0.9
(0.3) 

0.9
(0.1) 

0.6
(0.1) 

0.9
(0.2)

0.4
(0.2) 

0.7 
(0.3) 

0.3 
(0.1) 

BG-4 Honey 
brown

55.3 
(0.7) 

31.8 
(0.1) 

6.5 
(0.6) 

2.1
(0.7) 

1.1
(0.7) 

1.1
(0.1) 

0.7
(0.1)

0.6
(0.1) 

0.6 
(0.2) 

0.2 
(0.1) 

BG-5 Honey 
brown

64.6 
(3.0) 

23.7 
(2.2) 

4.7 
(0.7) 

2.0
(0.2) 

2.4
(1.9) 

1.0
(0.3) 

0.4
(0.2)

0.7
(0.3) 

0.3 
(0.1) 

0.2 
(0.1) 

BG-6 Green 70.6 
(3.0) 

19.9 
(1.3) 

4.3 
(0.1) 

2.8
(0.8) 

0.7
(0.1) 

0.7
(0.1) 

0.3
(0.1)

0.5
(0.1) 

n.d. 0.1 
(0.01) 

BG-9 Olive 
green 

53.3 
(5.2) 

28.8 
(2.6) 

8.3 
(1.0) 

3.0
(0.8) 

1.1
(0.3) 

1.6
(0.5) 

0.9
(0.4)

1.5
(0.6) 

1.2 
(0.5) 

0.3 
(0.1) 

BG-10 Light 
green 

64.3 
(0.5) 

24.3 
(0.5) 

5.5 
(0.4) 

1.1
(0.1) 

0.9
(0.1) 

0.7
(0.2) 

0.7
(0.2)

0.5
(0.1) 

1.6 
(0.1) 

0.3 
(0.04) 

BG-11 Olive 
green 

54.0 
(2.9) 

26.9 
(1.7) 

7.8 
(0.4) 

3.8
(0.4) 

3.6
(0.3) 

2.2
(0.1) 

1.0
(0.1)

0.4
(0.1) 

0.1 
(0.1) 

0.3 
(0.1) 

BG-12 Yellow–
green 

68.7 
(2.6) 

20.9 
(3.0) 

3.7 
(0.6) 

0.8
(0.2) 

3.7
(1.3) 

1.0
(0.2) 

0.5
(0.1)

0.8
(0.2) 

n.d. n.d. 

BG-13 Olive 
green 

58.9 
(2.4) 

21.6 
(0.1) 

8.9 
(1.4) 

4.2
(0.9) 

2.5
(0.1) 

1.1
(0.1) 

1.1
(0.1)

0.5
(0.1) 

1.0 
(0.5) 

0.3 
(0.1) 

BG-14 Light 
green 

62.7 
(0.4) 

20.1 
(0.1) 

7.1 
(0.1) 

3.4
(1.0) 

2.0
(0.2) 

1.0
(0.1) 

1.2
(0.1)

0.8
(0.2) 

0.8 
(0.7) 

0.2 
(0.1) 

BG-15 Yellow 50.6 
(2.8) 

38.2 
(2.0) 

7.8 
(0.8) 

0.3
(0.7) 

0.5
(0.1) 

0.5
(0.4) 

1.5
(0.3)

0.9
(0.1) 

n.d. n.d. 

S2.33 Olive 
green 

68.6 
(0.8) 

19.6 
(1.5) 

7.3 
(0.6) 

2.9
(0.5) 

0.5
(0.1) 

0.8
(0.2) 

n.d. 0.3
(0.1) 

n.d. n.d. 

S2.34 Olive 
green 

57.5 
(2.5) 

27.1 
(1.3) 

8.0 
(0.7) 

2.4
(0.2) 

1.1
(0.3) 

1.0
(0.1) 

1.3
(0.2)

0.6
(0.1) 

0.8 
(0.2) 

0.3 
(0.1) 

S2.36 Green–
brown

55.8 
(1.6) 

26.2 
(1.0) 

10.4
(0.5) 

2.9
(0.3) 

0.7
(0.1) 

1.3
(0.3) 

1.2
(0.2)

0.8
(0.3) 

0.3 
(0.1) 

0.4 
(0.1) 

S2.37 Olive 
green 

66.0 
(3.0) 

19.9 
(1.6) 

6.8 
(0.4) 

2.7
(0.5) 

1.2
(0.1) 

0.8
(0.1) 

1.0
(0.1)

0.6
(0.1) 

0.7 
(0.1) 

0.3 
(0.1) 

S2.42 Yellow 75.5 
(0.9) 

19.7 
(0.2) 

4.4 
(0.3) 

n.d. n.d. 0.3
(0.1) 

n.d. n.d. n.d. n.d. 

Typical, fluorescence corrected, Raman spectra of the glazes of pottery 
samples from the Belgrade Fortress and the Studenica Monastery are shown in 

________________________________________________________________________________________________________________________

(CC) 2020 SCS.

Available on line at www.shd.org.rs/JSCS/



1338 DAMJANOVIĆ-VASILIĆ et al.  

Fig. 5. The glazes are almost amorphous silicate networks with SiO4 tetrahedra 
as the main building units. The Raman spectra of glazes of all investigated 
samples, both from the Belgrade Fortress and the Studenica Monastery were very 
similar: two broad bands originating from Si–O stretching modes centred between 
920 and 950 cm–1 and less intense Si–O bending modes centred at about 490 cm–1.  

    
Fig. 4. SEM photographs of body-glaze interfaces of the samples BG-4 (left) and BG-5 (right). 

Fig. 5. Raman spectra of glazes from repre-
sentative pottery fragments: a) BG-2; b) BG- 
-10 and c) S2.36. Abbreviations: Q-quartz, 
F-feldspar. 

When the tetrahedral units are weakly connected, the stretching modes are 
more intense than the bending modes because the relative intensity of these bands 
is very sensitive to the composition of glaze.24,25 Higher intensity of stretching 
band and shift of its position towards lower wavenumber values is associated 
with high concentration of lead,25 which is in agreement with results obtained by 
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SEM-EDS analyses (Table II). Therefore, the findings acquired by these two 
techniques confirmed that the applied glazes were lead-based.  

The Raman spectra of the glazes of all the investigated pottery samples often 
showed additional narrow peaks originating from crystalline phases such as 
undissolved quartz (463 cm–1) and feldspars (513 cm–1),26 as illustrated at Fig. 
5a. Traces of gas bubbles were detected on the surface of the glazes of some 
samples from the Belgrade Fortress (BG-2, BG-5, BG-8, BG-9, BG-11, BG-13 
and BG-15) and on five samples from the Studenica Monastery, similar to other 
samples from this excavation site investigated in an earlier study.14 This could be 
a consequence of a fast firing process or an inappropriate maximum firing 
temperature that result in decomposition of the glaze and the body indicating that 
the glaze was not matured properly.27  

Colorants. The macroscopically observed colours of glazes were green 
(olive green), yellow and brown. The Raman spectra, recorded at different points 
of coloured glazes, exhibit signals of a glaze–pigment mixture or signals of the 
pure pigment. Representative Raman spectra of brown glazes of pottery samples 
from the Belgrade Fortress and the Studenica Monastery are presented in Fig. 6. 
As shown in an earlier study,14 iron oxides were responsible for brown shades of 
glaze of pottery from the Studenica Monastery because characteristic bands for 
hematite, Fe2O3 (228, 248, 295, 410, 504, 619 and the strong mode at 1325 cm–1) 
and magnetite, Fe3O4 (≈670 cm–1), were detected (Fig. 5). However, the Raman 
spectra of brown glazes of all pottery samples from Belgrade Fortress display 
intensive peak of spinel structure, commonly found in pigment systems, at about 
700 cm–1 (Fig. 6.).28 It is difficult to differentiate the chemical composition of 
spinels by Raman spectroscopy,28 but combining these results with SEM-EDS 
analysis indicates the use of Fe-based spinels for dark brown colorations. Mag-
netite was identified only in the case of the BG-3 sample. A broad Raman doub-
let at 1374 and 1590 cm–1 characteristic for amorphous carbon black was iden-
tified for samples BG-1, BG-6, BG-8, BG-12, BG-13 and BG-15 (Figs. 6 and 7) 
at brown and dark green areas, indicating firing in a reducing atmosphere.28  

The Raman spectra of green and yellow glazes did not show characteristic 
signals of any green or yellow pigments neither in the case of pottery from 
Belgrade Fortress nor from the Studenica Monastery.14 As illustrated in Fig. 7, 
only a glassy Raman signature together with bands originating from crystalline 
precipitates were detected for both the green and yellow glazes. 

EDS analyses identified Fe in yellow glazes, whereas Cu was detected in the 
majority of the green glazes (Table II). When the Raman spectrum of a glaze 
shows only a glassy signature, then the colour was achieved by dispersion of ions 
(Fe3+ or Cu2+) in a glassy matrix.29 Several samples, e.g., BG-1, BG-6, BG-11 
(Table II), with a green glaze did not contain any significant Cu content, but the 
amount of Fe2O3 was rather high and varied from 2 wt. % to7 wt. %. The green 
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colour could be produced by Fe2+ formed in a reducing atmosphere even when 
there was no copper in the glaze.30 The presence of amorphous carbon, detected 
in the Raman spectrum of the green glaze of sample BG-1 (Fig. 7), supports this 
claim.  

 
Fig. 6. Raman spectra of brown glazes of the representative pottery samples from the Belgrade 

Fortress and the Studenica Monastery; abbreviations: He – hematite, M – magnetite, 
G – graphite, S – spinel, Glz – glaze.  

 
Fig. 7. Raman spectra of green glazes of representative pottery samples from the Belgrade 

Fortress; abbreviations: Glz – glaze, G – graphite, Q – quartz.  

CONCLUSIONS 

Glazed pottery samples from the archaeological site Belgrade Fortress, dated 
to the beginning of the 15th century, were studied using optical microscopy, 
X-ray powder diffraction (XRPD), scanning electron microscopy with energy-
dispersive spectroscopy (SEM-EDS), micro-Raman spectroscopy and multi-
variate statistical analysis. The combined results of SEM-EDS and micro-Raman 
spectroscopic analyses revealed that the samples were covered with a thin, lead- 
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-based glaze. Glazing was performed, for majority of samples, by applying a 
mixture of lead oxide and quartz on the clay body. Fe-based spinel was used for 
brown glazes, whereas copper and iron were responsible for the colouring of the 
green and yellow glazes.  

Selected ceramic samples, all shards of decorated jugs, show the character-
istics of several “potter’s signatures”, i.e., decoration styles distinctive for work-
shops from the areas Ras (represented by the material from the Studenica Monas-
tery), Kruševac and Belgrade/Smederevo, where pottery have been produced 
from the mid-14th to mid-15th century. Considered together, the glazed pottery 
from Belgrade and Studenica enable us to compare the characteristics of the 
glazes and to gather complementary information about the glazing technology. 
Using SEM-EDS and micro-Raman spectroscopy, it was shown that the chemical 
composition and glazing technology of the samples from Belgrade Fortress and 
the Studenica Monastery are similar despite originating from different workshops 
(which is manifested by the different composition of clay paste used for ceramic 
body of the vessels). In addition, the results of an earlier investigation of glazed 
pottery found at Novo Brdo15 are very similar to the results presented in this 
work. The great similarity between the samples investigated in this work and the 
typical material from Byzantine areas dated to an earlier period (12th–13th 
centuries), as well as from the same period (early 15th century)27,29,31 indicates 
that the glazing technology was within Byzantine tradition. A better understand-
ing of the production of medieval pottery in the Balkans could contribute to a 
comprehensive analysis of glazed ceramic of the Byzantine world.  
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И З В О Д  
ПРИМЕНА АНАЛИТИЧКИХ ТЕХНИКА ЗА ОТКРИВАЊЕ ТЕХНОЛОГИЈЕ ГЛАЗИРАЊА 

СРЕДЊЕВЕКОВНЕ КЕРАМИКЕ НАЂЕНЕ НА БЕОГРАДСКОЈ ТВРЂАВИ 

ЉИЉАНА ДАМЈАНОВИЋ-ВАСИЛИЋ1, ВЕСНА БИКИЋ2, СРНА СТОЈАНОВИЋ1, ДАНИЦА БАЈУК-БОГДАНОВИЋ1, 
ЂУРЂИЈА ЏОДАН1 и СЛАВКО МЕНТУС1 

1Универзитет у Београду-Факултет за физичку хемију, Студентски трг 12–16, 11000 Београд, 
Србија; 2Археолошки институт, Кнеза Михаила 35/IV, 11000 Београд, Србија 

Средњевековна глазирана керамика из 15. века, нађена на Београдској тврђави у 
Србији, је испитивана оптичком микроскопијом, дифракцијом X-зрачења на праху 
(XRPD), скенирајућом електронском микроскопијом са енергетски дисперзивном спек-
троскопијом X-зрачења (SEM-EDS), микро-раманском спектроскопијом и мултивари-
јантном статистичком анализом. Декоративни стилови испитиване керамике су типични 
за радионице из различитих области средњевековне српске државе: Рас, Крушевац и 
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Београд/Смедерево. Поређење је вршено са керамичким узорцима из истог периода 
нађених у манастиру Студеница, најстаријој до сада откривеној радионици, који су 
коришћени као референтни материјал за област Рас. Керамика са Београдске тврђаве 
има транспаренту оловну глазуру. Код већине испитиваних узорака глазуре су добијене 
наношењем смеше олово оксида и кварца на тело керамике, а код само два узорка гла-
зуре су добијене наношењем чистог олово-оксида. Браон нијансе глазуре потичу од Fe-
спинела, а од бакра и гвожђа потичу зелене и жуте нијансе глазура. Добијени резултати 
указују на технологију глазирања преузету из византијске традиције. 

(Примљено 1. априла, ревидирано 11. јуна, прихваћено 17. јуна 2020) 

REFERENCES  
1. M. S. Walton, M. S. Tite, Archaeometry 52 (2010) 733 (https://doi.org/10.1111/j.1475-

4754.2009.00506.x)  
2. Byzantine Glazed Ceramics: The Art of Sgraffito, D. Papanikola-Bakirtzi, Ed., Greek 

Ministry of Culture –Museum of Byzantine Culture, Athens, 1999 
3. A. H. S. Megaw, R. E. Jones, Annu. Br. Sch. Athens 78 (1983) 235 

(https://doi.org/10.1017/S0068245400019705) 
4. G. D. R. Sanders, PhD Thesis, Faculty of Arts, University of Birmingham, Birmingham, 

1995 
5. S. Y. Waksman, A. Pape, C. Heitz, Nucl. Instrum. Meth. B 85 (1994) 824 

(https://doi.org/10.1016/0168-583X(94)95931-5) 
6. S. Y. Waksman, A. Bouquillon, N. Cantin, I. Katona, Archaeometric and Archaeological 

Approaches to Ceramics, BAR Publishing, Oxford, 2007, p. 129 
7. H. E. White, PhD Thesis, Department of Archaeology, University of Sheffield, Sheffield, 

2009 (http://etheses.whiterose.ac.uk/14528/) 
8. R. Bugoi, C. Talamţchi, C. Haită, D. Ceccato, Nucl. Instrum. Methods, B 417 (2018) 110 

(https://doi.org/10.1016/j.nimb.2017.08.024) 
9. E. Palamara, N. Zacharias, M. Xanthopoulou, Zs. Kasztovszky, I. Kovács, D. Palles, E. I. 

Kamitsos, Microchem. J. 129 (2016) 137 (https://doi.org/10.1016/j.microc.2016.06.008) 
10. V. Bikić, in Byzantine heritage and Serbian art, I, D. Popović, D. Vojvodić, V. Bikić, 

Eds., Serbian National Committee of Byzantine Studies, Službeni glasnik, Serbian 
Academy of Sciences and Arts, Institute for Byzantine Studies, Belgrade, 2016, p. 167 

11. V. Bikić, in Actes du VIIe Congrès International sur la Céramique Médiévale en 
Méditerranée, Thessaloniki, 11–16 October 1999, Ch. Bakirtzis, Ed., Caisse des Recettes 
Archéologiques, Athènes, 2003, p. 191 

12. Lj. Damjanović, I. Holclajtner-Antunović, U. Mioč, V. Bikić, D. Milovanović, I. 
Radosavljević Evans, J. Arch. Sci. 38 (2011) 818 
(https://doi.org/10.1016/j.jas.2010.11.004) 

13. K. Šarić, V. Bikić, S. Erić, Microsc. Microanal. 24 (2018) 74 
(https://doi.org/10.1017/S1431927618015349) 

14. S. Stojanović, V. Bikić, Lj. Miličić, I. Radosavljević Evans, N. V. Y. Scarlett, H. E. A. 
Brand, Lj. Damjanović-Vasilić, Microchem. J. 146 (2019) 557–567 
(https://doi.org/10.1016/j.microc.2019.01.056) 

15. Lj. Damjanović, U. Mioč, D. Bajuk-Bogdanović, N. Cerović, M. Marić-Stojanović, V. 
Andrić, I. Holclajtner-Antunović, Archaeometry 58 (2016) 380 
(https://doi.org/10.1111/arcm.12185) 

16. V. Bikić, Srednjovekovna keramika Beograda, The Institute of Archaeology, Belgrade, 
Serbia, 1994, p. 1 (in Serbian) 

________________________________________________________________________________________________________________________

(CC) 2020 SCS.

Available on line at www.shd.org.rs/JSCS/



 GLAZED MEDIEVAL POTTERY FROM THE BELGRADE FORTRESS 1343 

17. V. Pawlowsky-Glahn, J. J. Egozcue, Compositional Data Analysis in Geoscience: From 
theory to Practice, The Geological Society of London, London, 2006, p. 1 

18. L. Burgio, R. J. H. Clark, Spectrochim. Acta, A 57 (2001)1491 
(https://doi.org/10.1016/S1386-1425(00)00495-9) 

19. P. S. Quinn, Ceramic Petrography: The Interpretation of Archaeological Pottery & 
Related Artefacts in Thin Section, Oxuniprint, Oxford, 2013 

20. M. Birtašević, Srednjovekovna keramika, Katalog II – Serije zbirke i legati Muzeja grada 
Beograda, Museum of City of Belgrade, Belgrade, Serbia, 1970, p. 32 (in Serbian) 

21. L. Maritan, L. Nodari, C. Mazzoli, A. Milano, U. Russo, Appl. Clay. Sci. 31 (2006) 1 
(https://doi.org/10.1016/j.clay.2005.08.007) 

22. D. Hurst, I. Freestone, Mediev. Ceram. 20 (1996) 13 
(https://medievalceramics.wordpress.com/volume-20-1996/) 

23. J. Molera, T. Pradell, N. Salvadó, M. Vendrell-Saz, J. Am. Ceram. Soc. 84 (2001) 1120 
(https://doi.org/10.1111/j.1151-2916.2001.tb00799.x) 

24. Ph. Colomban, F. Treppoz, J. Raman. Spectrosc. 32 (2001) 93 
(https://doi.org/10.1002/jrs.678) 

25. Ph. Colomban, J. Non-Cryst. Solids 323 (2003) 180 (https://doi.org/10.1016/S0022-
3093(03)00303-X) 

26. Ph. Colomban, A. Tournie, L. Bellot-Gurlet, J. Raman Spectrosc. 37 (2006) 841 
(https://doi.org/10.1002/jrs.1515) 

27. M. S. Tite, I. Freestone, R. Mason, J. Molera, M. Vendrell-Saz, N. Wood, Archaeometry 
40 (1998) 241 (https://doi.org/10.1111/j.1475-4754.1998.tb00836.x)  

28. Ph. Colomban , G. Sagon, X. Faurel, J. Raman Spectrosc. 32 (2001) 351 
(https://doi.org/10.1002/jrs.704) 

29. B. B. Kirmizi, E. H. Göktürk, Ph. Colomban, Archaeometry 57 (2015) 476 
(https://doi.org/10.1111/arcm.12101)  

30. J. Molera, M. Vendrell-Saz, M. García-Vallés, T. Pradell, Archaeometry 39 (1997) 23 
(https://doi.org/10.1111/j.1475-4754.1997.tb00788.x) 

31. I. Holclajtner-Antunović, D. Bajuk-Bogdanović, V. Bikić, M. Stojanović, J. Raman 
Spectrosc. 43 (2012) 1101 (https://doi.org/10.1002/jrs.3129). 

________________________________________________________________________________________________________________________

(CC) 2020 SCS.

Available on line at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




