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Abstract

Although the pottery is found in a massive amount in archaeological discoveries, these materials are the
most important materials for different orientations in studies on the ancient people. One aspects of the
study on ancient potteries, is the investigation about the painting and different colorants used for
decorating potteries in variety patterns with different colors. This study aims to explore the ancient
people knowledge and their experiments on creation of color by making up dying materials that could
be found close to their dwells. The present work represented an attempt to discern experimentally the
base and chemical composition of colorants used as decorative elements on ancient ceramics. Thus,
five pieces of late Bronze painted pottery of the eastern Lake Urmia Basin (from the archacological site
of Kul Tepe of Ajabshir) were singled out. First, to determine whether the paint came from organic or
inorganic sources and also to identify the existing anions and cations the Fourier-Transform Infrared
Spectroscopy (FT-IR) technique was employed. The results demonstrated that the used coloring
material has a mineral origin, where the sharp and strong peak at 465 cm-1 of the spectrums confirmed
that the nature of coloring agents consists of iron oxides. Next, for elemental analysis and studying the
chemical structure and composition of the colorants Scanning Electron Microscope-Energy Dispersive
X-Ray analysis (SEM-EDX) was used. SEM-EDX analysis result demonstrated the presence of iron
and manganese (Mn) content alongside other component elements of the ceramic bodies including
S102, MgO, AlOs, and KO, where the results tallied with the FT-IR spectrums. On the basis of
elemental analysis results, it could be said that iron oxides are the main components of coloring agents,
where they could produce a variety of colors, ranging from red to dark brown. Moreover, the presence
of manganese make the paintings darker, and consequently, the brighter nature of paintings of sample
no. 3 of Kul Tepe and sample no. 1 of Haftvan could be the consequence of the miserable amount of
this element (1.77 and 0.49%, respectively). Finally, in order to confirm and complete the study, the
specimens were subjected to X-Ray Diffraction analysis (XRD). This experiment also showed that the
pigments used in ornamenting the sherds were mineral and comprised of Agite mineral (Ca(Fe,
Mg)Si20g), as the coloring mineral, alongside other minerals including sodic and calcite feldspars. The
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results obtained are in good agreements with the geology of the region, where the feldspars exist as the
main minerals of both sites. Therefore experimental analysis on the pigments structure that used in the
painting of Kul Tepe Urmia ware decorations in different ways and various laboratory equipments
demonstrated that the pigments used in the pottery decorations have mineral source and presented
various iron compounds in the paint of decorations. As result of this study, the presence of iron
compounds in the soil of the Kul Tepe region, it could be said the ancient people did use the natural
sources of colorants for decoration of their potteries. Moreover, the techniques and materials used for
decoration of the potteries were the same at both side of the Lake Urmia.

Keywords: Iron oxide pigments, Painted pottery, Kul Tepe, Bronze Age, FT-IR, SEM-EDX, XRD.
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Fig; 1: Characteristics of the painted pottery samples from Kul Tepe Ajabshir
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Table 1: llustrated samplesof the painted pottery from Kul Tepe Ajabshir
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Table 2: Specification appearance painted pottery from Kul Tepe of Ajabshir
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Table 3: Microscopic images selected from the painted pottery of black- Brown (Zoom in 400)
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Table 4: Results of spot tests on the samples
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Table 5: Different analytical instruments used at this research
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Fig; 2: FT-IR spectrum of the potteries colorants
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Table 6: Results of colorants sample analyzed by EDX (w %)

Sample no.

Oxide namp 1 4 5
Na,O 1.62 - 23.11
MgO 2,94 1.83 -
ALOs3 9.74 13.31 2.27

SiO, 38.97 47.97 7.42
SO, 7.66 4.83 -
KO 5.68 11.31 18.24
CaO 18.56 10.22 2.56
TiO, 0.83 - -
MnO 6.47 1.17 1.89
FeO 7.53 5.36 217
ZnO - 0.43 -
BaO 297 -
Cl - 42.34
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Table 7: Results of body sample analyzed by EDX (Yow)

Sample no.
1 4 5
Oxide name
Na,O 0.90 0.00 3.28
MgO 3.34 0.00 6.37
ALOs3 16.39 14.79 11.75
SiO, 57.47 42.98 29.48
SO, 1.94 11.63 0.10
K0 5.04 247 3.35
CaO 7.67 20.14 16.15
MnO 2.05 4.74 0.98
FeO 2.05 2.92 091
Cl 0.43 0.33 3.64
NO 2.72 0.00 23.72
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Fig; 3: XRD diffractogram of pigment of sample no. 1
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Table 8: Results of XRD analysis of the samples colorants

N
Sample
ol glwlis 518
Phases identified

Quartz(33-1161)
SiO,

Albite(09-0466)
NaAlSi;Og

Orthoclase(31-0966)
KAISi;04

Augite(24-0203)
Ca(Fe,Mg)SixOs

Analcime(41-1478)
Na(SizAl)O(),HZO

Anorthite(18-1202)
(CZ{,NZ{) (SI,A1)4()3

Gypsum(33-0311)
CaSO4, 2H20
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