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Abstract

Khaf Kaboudani historical complex is one of the most important monuments of the Timurid era.
This complex was built during the heyday of this region, around the tomb of the famous mystic of
this period, Sultan Mahmoud Kaboudani. This historical complex, of which only a ruin remains

today, was once a complete complex, including a shrine, mosque and water reservoir. The interior

of the buildings of this complex, as is the tradition of Timurid architecture, is decorated with
various types of architectural decorations, such as wall painting, Tokhmeh daravari, Stucco
decoration, Rasmibandi and Mogharnaskari. Among these architectural decorations, the one that
attracts the most attention is wall painting and Tokhmeh daravari decoration that the interior of
Kaboudani mosque is where the intetior surfaces of the mosque ate decorated with beautiful
decoration with geometric motifs in orange, red, purple, blue, ocher and white. Due to the
importance of this historical complex left over from the Timurid era and the lack of study on the
one hand and the deteriorating condition of its decorations, on the other hand, in this research, an
attempt was made to study and identify the decoration of this historic mosque and the colors used
in it experimentally and with the help of laboratory methods. Laboratory study of colored Stucco of
this building, with various methods of instrumental analysis, such as X-ray diffraction (XRD), X-ray
fluorescence (XRF), Scanning electron microscope in combination with energy dispersive X-ray
microanalysis (SEM-EDS), showed that "Gach-e-Zendeh" has been used in the plaster decorations
and a thin layer of "Gach-e-koshte" has been used under substrate wall painting. Analysis of the
pigments used in the decoration of this building by instrumental methods, indicated that all the
colors used were inorganic mainly and in the range of red colors from ocher, from chalk as white
and in blue from natural Lapis Lazuli Used.

Keywords: Architectural decorations, Stucco decoration, wall painting, Tokhmeh daravari,
Kaboudani mosque, Khaf, XRD, XRF, SEM-EDS

Introduction

Sultan Mahmoud Kaboudani historical complex is located 4 kilometers from Khaf city in the
northeast of the Iran. Around the tomb of this famous mystic, a historical complex including the
tomb, mosque and water storage (Ab-Anbar) has been formed, which has become known as the
Kaboudani complex of Khaf. The mausoleum of Sultan Mahmoud Kaboudani includes a lofty
dome on the tomb and four rows with a multi-brick arch that forms the space under the dome.
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The tomb of Sultan Mahmud is located under the dome. Around the tomb, thete are rooms and
porches intended for the accommodation of pilgrims. On the eastern front of the tomb and
attached to it, there is a mosque that leads to the tomb with a narrow corridor. Next to the tomb of
Sultan Mahmoud Kaboudani, a short distance from the building on the southern front of the
mausoleum, is the water storage building (Figures, 1, 2,3). Despite the importance and value of this
historical complex from different historical and cultural dimensions, unfortunately, a large part of it
has been damaged and completely destroyed due to lack of care and abandonment of the building
complex, environmental and human factors. The dome of the tomb was severely damaged and the
walls and floor of the building wetre destroyed. The use of adobe and mud in the construction of
most of this complex and the limited use of bricks in it, has intensified the amount of damage to
this historical complex. The naves around the mosque have been completely destroyed and the
decorations of the complex, which once adorned the interior surfaces of the shrine and the
mosque, have been severely damaged and destroyed. The interior body of Khaf Kaboudani
complex is decorated with vatious architectural decorations, including: Stucco, murals, Tokhmeh
daravari, Rasmibandi, gypsum mogqarnaskari. All the interior surfaces of the mosque are decorated
with beautiful murals and Tokhmeh daravari in red, crimson, orange, blue, white and pea colors
with geometric patterns in the form of knots (Figures 4,5,6,7). The most important issue that this
research seeks to answer is to know the type of materials and executive techniques used in the
decorations of this building. It is clear that identifying the structure of materials used in the Stucco
decoration. of this historical complex, as part of the past architectural heritage of this ancient land,
allows us to better understand the technology of architectural decorations of historic buildings and
make us understand more accurate architectural and artistic features of this land help. In this article,
after reviewing the background and research literature, the studied laboratory samples and the
methods used in their testing are introduced and then the results of the laboratory study of the
samples are presented in the form of tables and graphs and discussed and analyzed. At the end, the
final conclusion of the research is stated.

Materials and Methods

In this applied development research, experimental-analytical research methods have been used and
research data collection has been done using various techniques, such as: library study, field study
and laboratory study. In order to study the structure of gypsum used in color decorations in this
building, X-ray diffraction (XRD) method was used. X-ray fluorescence (XRF) method was used to
identify and quantitatively and qualitatively analyze the gypsum composition used in the
decorations. In order to identify the type of pigments used in murals and Tokhmeh daravari
decorations, Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) was
used. This laboratory study was performed to identify the composition of the constituent elements
of pigments. In order to study the texture and condition of the layers in the murals, the cross

section of the samples was studied with a light microscope. In addition, the microstructure of
gypsum used in building decorations was studied using an electron microscope.

Results

Studying the pictures of the cross sections of the decorations of Kaboudani Mosque, showed that,
the layer of paint used in Tokhmeh daravari decorations is applied as a relatively thick layer on the
lower gypsum substrate. In the composition of all decorative layers, coarse-grained impurities,
including: sand particles in the composition of plaster and paint, are visible. The spectroscopic
study of gypsum samples used in the implementation of Stucco decoration of Kaboudani Mosque
in Khaf, indicates the presence of gypsum phase (CaSO4.2 H20), as the main phase of the
composition of the decorations used in the structure of Stucco decoration. Calcite, quartz and
muscovite phases are also sub-phases that are observed as impurities in the gypsum composition
used in the Stucco decoration of Kaboudani Mosque in Khaf. Examination of colored gypsum
diffraction spectra used in Tokhmeh daravari decoration of the building indicates the presence of
gypsum phase (CaSO4. 2H20), calcite and quartz as the main phases forming the composition of
this thick red layer used in the Tokhmeh daravari decoration structure of this building and
phylogopite and microcline phases are also sub-phases. Examination of the results of the analysis of
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gypsum samples used in Stucco decoration of Kaboudani Khaf Mosque by X-ray fluorescence
(XRF) method, showed that due to the presence of 26.04% of calcium oxide and 37.34% of sulfur
oxide, which is related to the main composition of gypsum in this building And sub-elements such
as silicon oxide by 11.98% and aluminum oxide, iron oxide and magnesium oxide, which occupy
2.87, 2.38 and 1.53% by weight, respectively (Table 2). Examination of the results obtained from
the analysis of the composition of the elements of the sample of thick red color layer of Tokhmeh
daravari decoration of Kaboudani Mosque in Khaf by X-ray fluorescence (XRF) method, showed
that due to the presence of 22.91% of calcium oxide and sulfur oxide At the rate of 32.85%, which
is related to the main composition of gypsum in the composition of Tokhmeh daravati decoration
in this building. And the presence of other sub-clements, such as: silicon oxide at the rate of
19.80% and aluminum oxide, iron oxide and magnesium oxide, the amount of which are 2.09, 16.47
and 0.83% by weight, respectively (Table 3). Examination of the spectrum the elemental paints
analysis of used in Tokhmeh daravari decorations and murals of Kaboudani Mosque by SEM-EDX
method obtained iron oxide III as a red color, mixture of gypsum and iron oxide III as an orange
color and crimson color, mixture of yellow antimony with calcite as a cream color, calcite (white

color) and natural ultramarine sky blue) as the colors were used.

Discussion

Examination of macroscopic images of cross sections prepared from the decorations of Kaboudani
Mosque shows that the general structure and texture of the different layers used in the decorations
of this building are similar to each other. The spectroscopic study of the materials used in the
plaster decorations of Kaboudani Khaf Mosque, including Stucco, Tokhmeh daravari and murals,
indicates the presence of gypsum phase as the main phase of the architectural decorations used in
the building. The existence of such a structure in the composition of the decorations of this historic
building, indicates that the main materials used in the decoration of the building was gypsum which
was combined with paints and additives such as calcite and quartz to strengthen the structure of the
plaster and as a The color layer is used in the murals and se which was combined with paints and
additives such as calcite and quartz to strengthen the structure of the plaster and as a The color
layer is used in the murals and Tokhmeh daravari production. The results of elemental analysis of
the composition of the samples taken from the building decorations are in good harmony with their
diffraction measurement results. In addition, the results of elemental analysis of the samples are
very similar to each other, which shows that a source and materials have been used in the
implementation of these decorations. However, due to the use of red pigment, which is probably
the source of a combination of iron oxide 111, the amount of iron in the sample used in Tokhmeh
daravari decorations are more, which is why this decoration is seen as a thick layer of red color.
Analysis of paint samples used in building decorations showed that the structure of all pigments
used is mineral. And In the color samples of red, which is the most prominent color used in
Tokhmeh daravari decorations and murals in all three colors orange, red and crimson of one main
color material; that is, iron oxide III has been used and to change the color tonality by increasing
and decreasing the amount of iron oxide red pigment in combination with gypsum, the desired
color tonality in decorations has been obtained.

Conclusion

Laboratory study, structure and chemical composition of materials used in the decorations of
Kaboudani Mosque in Khaf, including: murals and Tokhmeh daravari decorations by various
instrumental methods, such as X-ray diffraction (XRD), X-ray fluorescence (XRF), energy
dispersive X-ray microanalysis ( (SEM-EDS) and a light microscope showed that the main structure
of the composition used in the substrate of murals and decorations used in all interior surfaces of
Kaboudani Mosque is gypsum. This plaster is combined with different pigments in Tokhmeh
daravari decorations to create a beautiful color layer in this part of the architectural decorations of
the building. In the Stucco decorations of the building, Gach-e-Zendeh plaster has been used, but
in the gypsum used in the murals of the building, the type of Gach-e-koshte plaster has been used
in the upper part. Various pigments have been used to create color variation in Tokhmeh daravari
decorations in combination with the original gypsum. Laboratory examinations showed that in all
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colors of the red spectrum; that is, orange, red, and crimson, iron oxide III, and red ocher have
been used to create different tonalities of red in the Tokhmeh daravari decorations.
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Fig; 8: Sampling location of original pigments of the decorations of Khaf Kabodani mosque is marked with a black
circle, A) Orang color, B) red color, C) purple color, D) white color, E) ochre color, F) blue color
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Fig; 10: The wall painting of Kabodani mosque and ochre

in orange, white and blue
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Table 1: Samples taken from the decoration of Kabodani Mosque for analysis
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Fig; 11: Samples taken from the pigments of the colored decoration Kabodani mosque for analysis by laboratory methods
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Fig; 12: Schematic diagram of layering the wall painting of the Kabodani Khaf mosque
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Fig; 14: Cross-section image of the tokhmeh daravari
decoration structure in the Kaboudani mosque with light
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Fig; 13: Cross-section image of the gypsum structure in the
tokhmeh daravari decoration of Kaboudani mosque with

microscope 40 X
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Fig; 15: X-ray diffraction spectrum of materials used in the Stucco decoration of Khaf Kaboudani Mosque
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Fig; 16: X-ray diffraction spectrum of colored mortar used in the tokhmeh daravari decoration of the Khaf Kaboudani Mosque
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Table 2: The Elemental analysis results of materials sample used in the Stucco decoration of Kaboudani mosque by X-ray
fluorescence method
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Table 3: The Elemental analysis results of Sample thick red color layer used in the tokhmeh daravari decoration of

Kaboudani mosque by X-ray fluorescence method

PPM 4 jJade | s polic | PPMay e | 68 polis | ol policaoy | sl gy
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11 W 60 Cr 1/53 MgO
11 Y 59 Cu 0/47 K20
72 Zr 1 Nb 0/26 TiO2
125 7n 0 Mo 0/05 MnO
N U 26/04 CaO
N Th 0/11 P203
214 C1 2/38 Fe203
14 Ni 37/34 SO3
60 Pb 16/75 LO1
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Fig; 17: Elemental analysis spectrum of the sample red
tokhmeh daravari by SEM-EDX method
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Table 2: Elemental analysis results of the orange color

ol dop Sig e yais pb
Atomic weight percent Element
percent At% W%

61.23 43.38 OK
5.79 6.23 Mg K
8.09 9.67 AlK
15.40 19.16 SiK
1.82 2.59 SK
1.97 341 KK
1.67 2.97 CaK
2.27 5.61 Fe K
1.29 449 Se L
0.46 248 Sb L

100 100 Totals
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Fig; 18: Elemental analysis spectrum of the sample
orange wall painting by SEM-EDX method
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Table 3: Elemental analysis results of the red color
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Atomic percent | weight percent Element
At% W%

73.30 49.48 OK
1.15 1.18 Mg K
247 2.81 AlIK
5.83 6.91 Si K
1.78 2.41 SK
2.14 3.62 CaK

12.54 29.55 Fe K
0.79 4.05 Sb L
100 100 Totals
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Table 6: Elemental analysis results of the ocher color

ool aop g dep yaie pb
Atomic percent | weight petcent Element

At% W%

70.79 49.80 OK
1.15 1.23 Mg K
4.40 5.21 AIK
9.03 11.15 SiK
5.73 8.08 SK
1.54 2.65 KK
4.84 8.54 CaK
0.75 3.93 SnL
1.76 9.41 SbL
100 100 Totals

T T T T T T T T T |
1 2 3 4 5 B 7 8 g 10
Full Scale 147 cts Cursor: 0,000 ke ket

4 (5291 P4a55 (63555 5 digel (5 e 4328 il X+ S
SEM-EDX s,

Fig; 20: Elemental analysis spectrum of sample ocher
tokhmeh daravari by SEM-EDX method
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Table 5: Elemental analysis results of the purple color

sl A*f)b 9 o) JURTIE
Atomic weight percent Flement
percent At% W%

60.58 32.81 OK
3.51 3.34 SiK
6.83 742 SK
7.53 10.21 CaK
19.09 36.09 Fe K
2.46 10.13 SbL
100 100 Totals
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Fig; 19: Elemental analysis spectrum of the sample
purple tokhmeh daravari by SEM-EDX method
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Table 8: Elemental analysis results of the blue color

STy (s i oo ) odalcwsdy b gy p
9l paess slaalyl 3 (Pig-ok2 18 L) (6345
) ol ol 5 (V- JS5) s o0 Somn 5
L ygmis o dog b aS b Gl (Y Jgi)
JoB jlcie L olyan ¢yloouisl 559 duoyd A/FY
S 53«55 4o P VAT (i 0 b Jl (295
Sl €555 4903l )3 eSS Moyd MOY
305 S 5 3 gl 4055 gy b L slaws
o3l (63955 3, 2l (sl dudes 5 b lgens]

Cwl 04

S K5, Ligad (g paie 25 @B A gl
Table 7: Elemental analysis results of the white color
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Atomic petcent | weight percent Element
At% W%
66.21 48.50 OK
11.13 13.75 AlK
7.91 10.17 Si K
6.15 9.04 SK
4.76 8.73 CaK
3.83 9.80 Fe K
100 100 Totals
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Fig; 22: Elemental analysis spectrum of the sample blue
wall painting by SEM-EDX method
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Fig; 21: Elemental analysis spectrum of the sample white
wall painting by SEM-EDX method
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Fig; 24: Microstructure image of gypsum in the wall
painting of Kaboudani mosque with SEM 5000 X
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Fig; 26: Microstructure image of the substrate gypsum layer
under used colored wall painting in KKaboudani Mosque
with SEM 5000 X
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Fig; 23: Microstructure image of gypsum used in the
Stucco Kaboudani mosque with SEM 10000 X
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Fig; 25: Microstructure image of the substrate gypsum
layer the under used colored wall painting in Kaboudani
mosque with SEM 10000 X
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