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Abstract

Plasterwork, as an inseparable part of traditional architecture, holds a special status. One of the
masterpieces of Islamic-era plaster art is the mihrab adorned with plaster decorations featuring
arabesque motifs and Kufic inscriptions. The historical mihrabs of Malek Mosque (also known
as Imam Khomeini Mosque) in Kerman, recognized as the oldest mosque in Kerman, are ex-
emplary cases. The delicacy of execution and the complexity of the motifs of these mihrabs
have distinguished them as unique works in the history of Islamic art. This research aims to
investigate the technological characteristics of the plaster mortar used in the historical mihrabs
of Malek Mosque. Studying these mihrabs is significant because understanding the composition
and structure of historical mortars can greatly contribute to improved conservation, methodo-
logical restoration, and precise reconstruction of these Islamic architectural elements. In this
study, three samples from three different rooftop mihrabs of the mosque were analyzed using
advanced laboratory techniques, including X-ray diffraction (XRD) and scanning electron mi-
croscopy coupled with energy-dispersive X-ray spectroscopy (SEM-EDS). The results indicated
that the predominant phase in all samples is gypsum. Furthermore, one of the samples, in com-
parison to the others, exhibits the most homogeneous particle size distribution and the densest
microstructure. Additionally, XRD analysis confirmed that this sample contains the highest
amount of quartz and calcite, which is likely the reason for its greater strength and durability
compared to the other samples. This sample, identified as the optimal structure, serves as a
benchmark for producing stable mortars for conservation projects. These findings not only
enhance the understanding of plaster manufacturing technology during the historical period but
also provide an essential reference for formulating compatible mortars in the restoration of

plaster artworks.
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Gypsum plaster, as one of the most widely used decorative mate-
rials in construction, has played a significant role in architecture.
With its unique capabilities, it has served as the medium for creat-
ing masterpieces such as mihrabs adorned with intricate patterns
and Kufic inscriptions. Among these, the mihrabs of Malek

Mosque in Kerman (the largest and oldest mosque in the city)

stand as a prominent example of plasterwork art in Iranian Islamic
architecture.

The mosque follows a four-Iwan design and features multiple
prayer halls. The Imam Hasan Prayer Hall, the oldest section, con-
tains four plaster mihrabs decorated with arabesque motifs and

Kufic inscriptions, which are considered masterpieces of Islamic
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art. One mihrab is located indoors, while the other three are situ-
ated on the rooftop of the prayer hall inside a protective chamber
constructed by the Cultural Heritage Organization.
Unfortunately, no laboratory or technical studies have been con-
ducted so far on the plaster decorations of these mihrabs. There-
fore, this study represents the first effort to technically and struc-
turally analyze the plaster used in this historic artifact and to pro-
pose comprehensive conservation and restoration strategies.
Comparative analyses can help identify construction processes,
technical and cultural developments, and the influence of geo-
graphical conditions in each period, thereby contributing to the
revival of historic plasterwork art and the preservation of Iranian
Islamic architectural identity. Additionally, identifying these dif-
ferences can assist in accurately reconstructing the stages of the
mihrabs' construction and decoration.

Thus, this research not only aids in the conservation and restora-
tion of Malek Mosque's cultural heritage but also serves as a ref-
erence for future studies in the fields of art history and traditional

construction technologies.

Materials and Methods

This research, using an experimental-analytical method, attempts
to study the technology of gypsum mortar used in the gypsum
Mihrabs of the Malek Mosque. In this laboratory and applied
study, after obtaining permission from the Kerman Cultural Her-
itage and visiting the Mihrabs behind the roof of the Malek
Mosque, a powder sample was prepared from each of the three
historical Mihrabs and sent to the Razi Laboratory. In this regard,
in order to identify and detect the crystalline phases present in the
samples, X-ray diffraction (XRD) analysis was performed using a
powder method on three gypsum mortar samples to determine the
crystalline compositions, and the analysis method of a scanning
electron microscope equipped with an X-ray energy dispersive
spectrometer belonging to the Razi Applied Sciences Foundation
was used. The device of this foundation is the MIRA3 model man-
ufactured by TESCAN Company and equipped with a BSE detec-
tor to detect phase changes based on the atomic number in the
sample. The EDS analyzer used in this device has a resolution of
>126 eV and a resolution limit of more than 5000ppm for identi-

fying elements from boron (B) onwards in the periodic table.

Results
XRD (X-ray Diffraction) test on sample A shows that it is non-
crystalline, which is probably due to the presence of organic ma-

terials or fine-grained minerals that are not well crystallized. Also,

phase analysis showed that Gypsum - CaSO4.2H>O: The domi-
nant and main phase of this gypsum mortar and the other phases
are Quartz - SiO3, Calcite - CaCOj respectively. EDX results show
that the main elements present in the sample include Ca (calcium)
and S (sulfur), which indicates the presence of gypsum
(CaSO4.2H20). Also, the presence of Si (silicon) in EDX confirms
the presence of quartz (SiO;) in XRD.

In the phase analysis of samples C and B, the dominant phase is
gypsum, and the other phases include quartz, calcite, anhydrite,
and dolomite, respectively. The planar and elongated crystals ob-
served in the SEM images are consistent with the crystalline struc-
ture of gypsum (CaSO4*2H,0). These crystals constitute the ma-
jority of the structure, which is consistent with the XRD result
that the gypsum phase is dominant. It is possible that some of the
smaller and more angular particles seen in the image could be
quartz crystals (SiO3). The presence of carbonate compounds (cal-
cite and dolomite) indicates the possibility of using raw materials
containing lime. The calcite and dolomite phases may be part of
the finer particles or denser areas in the SEM images. In the ele-
mental analysis, the high percentage of calcium (Ca) and sulfur (S)
is consistent with the dominant phase of gypsum. Silicon (Si) cor-
responds to the presence of quartz in XRD and the presence of
calcium (Ca) and magnesium (Mg) together with the fact that ox-
ygen (O) is higher than that attributed to CaSOj4 alone can explain
the presence of calcite and dolomite. Morphological examination
of the samples shows that the overall structure of sample A has
particles with sharp edges and a relatively irregular distribution,
and its particle size is a mixture of coarse and fine particles, with
a tendency to agglomerate. A moderate number of potes is ob-
served in this sample, which can affect the mechanical properties
and reactivity of the material. The overall structure of sample B
has denser and more uniform phases than A, with better disper-
sion, and its particle size is relatively more uniform than A, with a
lower tendency to agglomerate. A lower number of pores is ob-
served in this sample, which may indicate a higher density. Sample
C also has particles with relatively more uniform shapes and is the

most homogeneous sample among the three.

Discussion

The results of XRD and EDX experiments as well as microscopic
observations (SEM) show that samples A, B and C are mainly
composed of gypsum (CaSO4°2H;0) as the dominant phase. The
presence of impurities such as quartz (SiO3) and calcite (CaCO3)
in the samples indicates the presence of siliceous and carbonate

materials in the gypsum mortar. These impurities probably
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entered the mortar from sources such as clay, sand or limestone.
The presence of calcite and dolomite (CaMg(CO3);) also indicates
the possibility of using raw materials containing lime in the mortar
composition. Anhydrite and dolomite phases wete not found in
sample A, and sample C had the highest amount of calcite, dolo-
mite, quartz and anhydrite compared to the other samples. Also,
comparison of the results of the scanning electron microscope test
shows that sample C had the most homogeneous particle size dis-

tribution, the densest structure, and the least porosity.

Conclusion

The dominant phase of the samples confirms that these sam-
ples are essentially made of gypsum and that the curing and mixing
process with water was carried out appropriately. The presence of
impurities such as quartz and calcite has caused the gypsum to set
slowly and also strengthened and increased its resistance level. It
seems that the structure of the gypsum mortars of this mosque
has a composition of gypsum and limestone, which is seen in the
primary gypsum stone in the form of gypsum along with calcium
or magnesite. The results also showed that sample C with uniform
grain size has the lowest porosity among the samples, which can
lead to higher strength of this sample. On the other hand, com-
paring the XRD test results also shows that sample C has the high-
est quartz and calcite among the samples, which in addition to de-
laying setting, strengthens and increases the resistance level of the
mortar. Perhaps this is the reason why this Mihrab remains health-
ier than the others, and the structure of sample C can be a criterion

for producing sustainable mortars in conservation projects.
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Table 1. Comparison of Methods and Approaches in Studies of Gypsum Mortars in Iranian Historical Buildings

Studies Objectives Analytical Methods Approaches
Firozmandi Focus on identifying chemical compositions of gypsum mortars
oo ) XRD Historical-comparative
shirejin and Mahyar to understand historical technical knowledge
. Focus on identifying chemical compositions of gypsum mortars Provenance &
Hajian et al XRD, XRF

Hamzavi

Hamzavi et al

Mohtasham et al

to understand historical technical knowledge

Focus on identifying chemical compositions of gypsum mortars

to understand historical technical knowledge

Focus on identifying chemical compositions of gypsum mortars

to understand historical technical knowledge

Investigation of gypsum mortar processing techniques in Qajar

period decorations with emphasis on traditional methods

Addressing technical and terminological challenges in studying

XRD, XRF, SEM-
EDS

XRD, XRF, SEM-
EDS

XRD, SEM-EDS

XRD, SEM-EDS,

compositional analysis

Conservation-otiented:

Technological study

Historical-comparative

Conservation-oriented

Provenance &

Mishmastnehi gypsum artifacts through microstructural analysis and additive Image Processing &  compositional analysis
effects Modeling - Restoration
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Figure 1. Sampling location of the studied plaster Mihrabs located on the roof of the mosque
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Figure 3. Elemental analysis spectrum of sample A
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Table 2. Elemental analysis results of sample A

Elt W% Molar ratio

uns)

(0] 5715£05 3.36 £ 0.03
Na 0.32 £ 0.01 0.013 £ 0.0001
Mg 1.24 £ 0.01 0.048 £ 0.0005
Al 2.02 £ 0.02 0.07 = 0.001
Si 5.23 £0.05 0.175 £ 0.002
S 1312+ 0.12 0.384 = 0.004
Cl 0.22 £ 0.002 0.0058 £ 0.00005
K 0.92 £ 0.01 0.022 £ 0.0002
Ca 18.39 + 0.18 0.431 £ 0.004
Fe 1.39 £ 0.01 0.0234 £ 0.0002
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Figure 6. Elemental analysis spectrum of sample B
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Table 3. Elemental analysis results of sample B

Elt W% Molar ratio
Caigal g pais 4375 @l ¥y 0 58.15 % 0.58 1672+ 17
Table 4. Elemental analysis results of sample C Mg 141 + 001 267+ 0.03
];:)lt 58.7\1’(/;/00.59 lml?fff Al 1:52%0.01 259 £0.03
Na 0.27 £ 0.003 1.00 + 0.01 Si 505005 827008
Mg L7 4 001 445 4 0,04 S 12.23 +0.12 17.54 + 0.18
Al 1.30 + 0.01 410 % 0.04 K 085 %001 L0+ 001
si 15 £ 004 12584 013 Ca 19.48 + 0.19 22.36 £ 0.23
S 13.57 + 0.14 36.02 £ 0.36 Fe 130 £ 0.01 107 % 0.01
K 0.61 £ 0.006 1.33 £ 0.01
Ca 19.14 + 0.19 40.68 + 0.41 3 Vs s s s sy 3590 o3le L ants ol
Fe 0.99 + 0.01 1.51 + 0.02 ’ S e ) T SR OIR o
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Figure 8. SEM micrographs of sample A at two magnifications (A) 1000, (B) 5000 times and (C) processed image to measure the porosity percentage
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Table 5. Statistical parameters related to particle size distribution meas-

urements in micrometers
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Table 6. Comparison of the results of the analysis of the plaster mortar

of the Mihrab of Malek Mosque with the results of researchers in identi-

fying the structure of other plaster mortars

Index phase in biscuits Description Studies
Gypsum Mortar of
Anhydrite Seyed Shams-din Hamzavi
Monument in Yazd
. Gypsum Mortar of . )
Anhydrite Kuh-e Khwaja Mishmastnehi
Gypsum Mortar of
Gypsum Gaz Grand Mosque Hamzavi et al

and Ardashir Palace

Gypsum as the dominant . Firozmandi
Sasanian gypsum oo
phase and the presence mortars shirejin and Mah-
of quartz in all samples
yar
Gypsum Mortar of

House of the Shah-
shahan of Isfahan

Gypsum Mohtasham et al

Gypsum as the dominant
phase and the presence
of quartz and calcite in all
samples

Gypsum Mortar

Seymareh mosque Hajian et al

Gypsum as the dominant  Plaster mortar for

phase and the presence the Mihrabs of the .
of quartz and calcite inall ~ Imam Mosque of This research
samples Kerman
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Figure 12. Comparison of known phases in three samples studied.
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Figure 13. Radar diagram of the morphology of three samples including

uniformity, agglomeration, porosity, and particle distribution
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Table 7. Proposed Components of the Restoration Mortar

Estimated
i Am t
Raw Material Welght Justification ount per
Ratio 100 kg Dry
Mix
Main phase in sample
Natural 74% C; forms the matrix of T4 kg
Gypsum
the mortar
Quartz Increases abrasion
uar 6% resistance; simulates 6kg
Powder .
angular fine particles
Matches carbonate
Calcite Powder 9% phases found in the 9kg

original; improves
moisture resistance

. Enhances thermal and
0
Dolomite 3% chemical stability 3kg

Improves texture;

Fmsearsli];w 6% reduces shrinkage 6kg
during drying
Natural Or-

ganic Additive Improves workability

0.8% . 0.8 kg
(e.g., gum ara- and prevents cracking
bic or starch)
Provides consistency
Distilled Water ~ ~45% without introducing ~45 kg

impurities
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