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Abstract

There are Safavid inscriptions written by Alireza Abbasi on the dome of the tomb of Awmin-al-
ddin Jibraeil in Kalkhuran (in Ardebil). Unfortunately, parts of these inscriptions have been de-
stroyed over the past centuries. The text of the inscription is derived from the hadiths of Hazrat
Ali (a.s.) in Naly al-Balagha. In addition to this valuable inscription, the architectural ornaments
of this monument include moarraq tiles, monochromatic tiles, moagqali tiles, murals in the porch
section, boum-sab ornaments, and gilded /aye-chini (pastiglia). For the proper conservation of
the work and the necessary restoration interventions, we need technical knowledge of the dif-
ferent layers of the Safavid inscription in this collection. The aim of the present research is to
conduct a structural analysis of the various layers of the inscription, including the fine coat
(Intonaco), the glossy layer on the inscription, the organic matter beneath the glossy layer, and
the blue color of the background. In this regard, samples were taken from the mentioned layers,
and studies were conducted using SEM-EDS, optical microscopy, and Raman spectroscopy
methods. As a result of the studies, it was found that fast-setting gypsum mortar was used for
the fine coat, and the surface finishing operation was performed with a trowel with greater
precision and higher quality. Gold leaf was used for the aesthetic enhancement of the writing
surface, which was later replaced by copper leaf in subsequent restorations. Due to the surface
corrosion of the copper metal, the restored part has become dull, while the original gold part
remains bright. Additionally, a study was conducted on the type of adhesive used for the gold
leaf. The findings indicated that during the Safavid era, oil (probably bow oil) was used as an
adhesive for the gold leaf. Furthermore, studies on the blue color of the background of the
inscription revealed that lapis lazuli pigment was used in areas where a dark blue color is ob-

served, while a mixture of lapis lazuli and white lead was used in areas with a lighter blue color.
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This study examines the inscription of the Sheikh Kolkhouran
mausoleum, which was reconstructed during the reign of Shah
Abbas 1. The inscription, crafted in Thuluth script and adorned
with blue and gold pigments using gypsum mortar. Epigraphy in
the Islamic period signifies a growing emphasis on artistic expres-

sion, particularly during the Safavid era, which saw an increase in

inscriptions reflecting Shia thought. Understanding the structural
and technical aspects of these historical works is essential for their
preservation and restoration. This paper investigates the charac-
teristics of gypsum mortar and the blue and gold pigments, em-
ploying analytical methods such as SEM-EDS and various spec-
troscopic techniques to identify the constituent elements and crys-

talline properties of the gypsum. The ultimate goal of this research
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is to enhance awateness of the inscription's structure and improve

Conservation methodologies.

Research literature

This section discusses the background of research and the descrip-
tion of the mausoleum of Sheikh Amin al-Din Jabra’il, known as
Sheikh Kolkhouran. Sheikh Kolkhouran was born in 600 AH and,
after his father’s death, went to Shiraz, where he studied under
Khwaja Kamal al-Din Arabshah Ardabili for 20 years. His mauso-
leum is located in the village of Kolkhouran near Ardabil, with its
construction dating back to the reign of Sultan Muhammad Khod-
abandeh and its restoration ordered by Shah Abbas I. This com-
plex includes the main mausoleum, a school, and the tombs of the
descendants of Imam Musa Kazim. The present study focuses on
the structural analysis of the gypsum inscription in the mauso-
leum’s chamber, which is written in Thuluth script by the re-
nowned artist Alireza Abbasi and contains hadiths from Imam Ali
(AS). Laboratory investigations into the identification of historical
pigments and the structural analysis of gypsum mortar are also
emphasized. Previous research findings indicate that various blue
pigments, including Egyptian blue, lapis lazuli, and azurite, have
been used in historical Iranian buildings, and understanding these
pigments can aid in the identification and preservation of histori-
cal artifacts.

In studies on the structural analysis of gypsum mortar in Iran,
methods such as XRD, XRF, SEM-EDS, and FT-IR have been
predominantly used. Research has examined gypsum arrays from
the Parthian period to the Qajar era, introducing various execution
techniques. Additionally, information on gypsum crystals in his-
torical mortars has been provided, and the technical characteristics
of gypsum mortar in different inscriptions have been studied. In
this context, new methods such as Raman spectroscopy and ele-

mental analysis have also been employed.

Materials and Methods

the materials and methods used to identify the gypsum inscription
of the Sheikh Kolkhouran shrine. The researchers aim to utilize
analytical techniques such as SEM-EDS, OM, and Raman to iden-
tify pigments and the composition of the metal foil. The inscrip-
tion features two types of blue pigments with different tonalities,
requiring more detailed analysis. Additionally, examining the gyp-
sum crystals and identifying the binder used in the blue pigment
and the adhesive under the gold leaf are other objectives of this
research. Sampling of the inscription is conducted considering

past restoration work, focusing on the blue and gold colors. In this

study, an electron microscope is employed for pigment analysis
and structural examination. Furthermore, Raman spectroscopy
and FTIR are used for more precise identification of the pigments
and materials utilized in the inscription. The results of these anal-
yses will contribute to a better understanding of the techniques

used in the creation of the gypsum inscription.

Results and Discussion

1. Layer structure of the inscription letters: The inscription
letters consist of three distinct layers: a gypsum base layer,
a brown adhesive layer, and a final layer of bright gold
leaf.

2. Characteristics of the gypsum mortar: The gypsum mortar
used was identified as needle-shaped crystals with charac-
teristics that indicate a specific type of processing. The
presence of organic materials as additives in the gypsum
mortar is controversial.

3. Analysis of the gold color: The gold color used in the in-
scription has two types of transparent and opaque layers.
The transparent layers are mainly composed of gold and
the opaque layers are composed of copper, indicating the
possibility of restoration in the past.

4. Identification of the blue color: The blue color used in the
inscription is probably a type of lapis lazuli, because the
chemical elements in it are consistent with the com-
pounds of lapis lazuli.

5. Suggestions for additional analysis: To accurately confirm
the type of pigment, the use of analytical methods such as
Raman spectroscopy is suggested.

6. These results contribute to a better understanding of the
materials and techniques used in the construction of the

inscription.

Conclusion

The shrine of Amin al-Din Jibril is located in Kulkhuran, Ar-
dabil, and was restored during the reign of Shah Abbas I. It fea-
tures a variety of architectural decorations, including plasterwork
and tile work. The existing plaster inscription in the dome, alt-
hough highly intricate, has suffered significant damage. This study
focuses on the structural analysis of the plaster mortar and the
pigments used in the inscription. The results indicate that living
plaster mortar with organic materials was used to enhance
strength, and the surface was meticulously finished. Additionally,
the golden layer on the inscription is covered with gold leaf, while

some sections are covered with copper sheet, which has become
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tarnished due to cotrrosion. The blue background of the inscrip-
tion is composed of lapis lazuli pigments and lead white. It is rec-
ommended that further research be conducted on the architec-
tural decorations of this site and compared with other significant
works to create a more comprehensive database of Iranian archi-

tecture.
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Figure 1. Monument location and specifications of the plan and orna-
ments, Tomb of Sheikh Amin-al-ddin Jibraeil
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Table 1. A selection of blue pigments identified in historical architectural Ornaments of Iran

Monument Pigment and Dye Historical Period Identification Method Reference
Pasargad Egyptian blue Achaemenid Empire FTIR,SEM,XRD,AES Stodulski et al,1984
The works of Persepolis in
the Freer and Arthur M. Egyptian blue Achaemenid Empire XRD,XRF portable, SEM Aloiz et al,2016

Sackler Art Gallery
A mixture of green

SEM-EDS FTIR, -

Ardasir Khureh ancient site earth and Egyptian Sassanid Empire Raman,XRF Amadori et al, 2024
blue
Holakooei
Fahraj Jame Mosque Ultramarine Early Islamic era u-Raman, u-XRF,XRD Ié)ajir;);),CZIOalI;d
Pir Hamzeh Sabz Poush Karimy and
Ult i Seljuk period -R -XRF ’
(Abar-kouh) ramarine ek pero p-Raman, p Holakooei,2015
Mohtash d
Tomb of Shah Kamal (Yazd) Azurite Muzaffarids FTIR,XRF,XRD,PLM ontasham
samanian,2017
M 1/ Timurid Holakooei and
Abar-kouh Jame Mosque Ultramarine ongol/ '1mur1 u-XRF,Raman,SEM,PLM ° a'{OOCI an
Empire Karimy,2015
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Figure 2. Embossed gypsum stucco inscription, dome chamber of the
tomb of Kalkhuran, determination of sampling location
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Figure 3. Examining the cross-section of the gypsum stucco inscription
layers through an optical microscope
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Table 2. EDS Analysis of the Golden Color on the Letters of the Gyp-
sum Inscription in Two Glittery and Opaque samples (without C and O)
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Figure 4. A study on the crystals of the gypsum stucco inscription using

a scanning electron microscope
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Opaque golden Layer Glittery golden Layer
Elem Wo% W% W% Elem W% W% W%
Pt1  Pt1 Pt3 ’ Pt1  Pt1 Pt3
Ca 139 231 154 Ca 2.6 1.4 0.4
S 3.5 104 57 S 1.7 1.1 0.1
Si 4.3 4.8 7.1 Si 0.5 0.3 0.1
Al 1.9 1.6 2.6 Al 0.1 0.1 -
Cl 164 127 135 Cl 0.4 0.1 -
Au - - - Au 894 956 994
K 14 1.6 1.6 K 0.2 0.1 -
Pb - - - Pb 5 - -
Mg 1.6 1.2 1 Mg 0.1 - -
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Figure 6. FTIR spectrum obtained from the glue sample under the gold
leaf
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Table 3. EDS analysis of light blue and dark blue

Dark blue Light blue
W% W% W% W% W%
Elements Point Point Elements Point Point Point
1 2 1 1 3
Ca 33.4 42.8 Ca 26.4 26.3 21.8
Si 16.5 14.6 si 3.4 4.7 19.3
S 18.5 18.9 S 8.4 8.1 6.1
Na 13.9 11.8 Na 3.4 3.1 22
Al 6.2 2.9 Al 1.1 1.8 2.1
Cl 5.6 5.1 Cl 2 1.4 1.5
Mg 2.9 - Mg 1.4 1.9 3.2
K 3.1 3.9 K 0.8 0.8 4.7
Pb - - Pb 52.9 521 36.3
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Figure 5. Gypsum crystals are seen in the elemental analysis areas
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Figure 8. Raman spectrum obtained from sample of dark blue color
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digital microscope and SEM
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