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No | Chemical Compound | Weight Percentage (wt %)
1 SiO2 40.80
2 SO3 15.30
3 CaO 6.70
4 K20 6.50
5 MgO 1.35
6 Fe203 1.16
7 Al203 1.01
8 Co304 0.44
9 Na20 0.35

10 P205 0.22
11 Cl 0.20
12 MnO 0.16
13 NiO 0.15
14 TiO2 0.14
15 BaO 0.13
16 CuO 0.02
17 PbO 0.01
18 StO 0.01
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structure, materials, pigments, deterioration factors, and
scientific conservation strategies of the inscription.
XRD and XRF analyses indicate the use of authentic
mineral pigments, including red ochre containing hematite
(Fe,O,) and ultramarine-based, confirming the historical
authenticity of the color scheme. The simultaneous
identification of gypsum and anhydrite reflects incomplete
plaster hydration and high porosity of the substrate, which
contributed to the vulnerability of the decorative elements
to environmental factors.

Condition assessments reveal that the deterioration of the
plasterinscription in this representative llkhanid monument
resulted from the interplay of climatic, caused by moisture,
chemical, structural, biological, and anthropogenic factors,
including temperature fluctuations, moisture variations,
industrial pollutants, and improper past restoration
interventions. Accordingly, the implemented conservation
and restoration strategies, guided by principles of scientific
conservation, minimal intervention, and the use of
compatible and reversible materials, successfully restored
visual legibility, mitigated ongoing deterioration, and
preserved the authenticity of the work.

Ultimately, this research provides a scientifically grounded
and generalizable model for the restoration of polychrome
Ilkhanid plasterwork under similar climatic conditions
and serves as an effective basis for conservation policy
development and the lasting safeguarding of Iranian and
Islamic architectural heritage.
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consolidation and stabilization of plaster and paint layers,
minimal and clearly distinguishable reconstruction of
damaged sections, reversible chromatic harmonization,
and the application of final protective treatments using
internationally recognized conservation grade materials,
led to a marked improvement in the structural integrity,
mechanical stability, and visual legibility of the inscription.
The application of materials such as Primal, Plexitol, and
Paraloid B72 at carefully controlled concentrations, in
accordance with the principles of reversibility and minimal
intervention, contributed substantially to the effective
stabilization of the decorative elements.

Finally, the development of preventive conservation
strategies, including environmental control, periodic
monitoring, training and awareness programs, non
destructive cleaning procedures, and improvements
to the physical condition of the building, constitutes a
complementary outcome of the research and provides
a sustainable foundation for the lasting preservation
of the plasterwork dating to the Ilkhanid period at the
AqQaleh Mosque. Collectively, these findings present a
comprehensive understanding of the materials, execution
techniques, deterioration mechanisms, and conservation
strategies and offer a scientifically grounded basis for
future conservation and restoration interventions.
Discussion of Findings

The findings derived from laboratory analyses, field
investigations, and conservation—restoration interventions
on the plaster inscription of AqQaleh Mosque in Negab,
Sabzevar, provide a coherent overview of the technical
characteristics,  constituent — materials, mechanisms
of deterioration, and the effectiveness of restorative
measures. XRD and XRF analyses indicate that the
pigments, gypsum substrate, and execution techniques of
the decorations are fully consistent with the traditions and
technologies prevalent in polychrome plasterwork of the
Ilkhanid period.

The pigment analysis demonstrates the use of hematite
derived red ochre (Fe,O,), a stable and commonly
employed pigment in Islamic architectural decoration. The
presence of minerals such as gypsum, anhydrite, and quartz
in the paint samples indicates a direct association between
the painted layer and the gypsum substrate. Moreover, the
simultaneous presence of gypsum and anhydrite reflects
incomplete hydration of the plaster, a factor that increases
porosity, reduces mechanical strength, and accelerates the
erosion of the gypsum coating.

Regarding the blue pigment, XRD results complemented
by XRF elemental analysis confirm the use of ultramarine-
based. The predominance of SiO, alongside CaO and SO,
indicates the mineralogical nature of the pigment and the
presence of a sulfate phase (likely gypsum) as the substrate.
The detection of minor amounts of Co,O, suggests
possible admixture with cobalt-containing compounds in

the ultramarine-based pigment, a combination that, while
aesthetically valuable, renders the pigment layer more
susceptible to moisture and environmental pollutants,
explaining the significant deterioration of this vibrant blue
layer over time.

The complete alignment of laboratory data with field
condition assessments demonstrates that the observed
deterioration results from the interplay of multiple
factors. High porosity, incomplete hydration, and the
presence of aggressive ions, combined with rising and
falling moisture, lead to salt migration and crystallization
pressures, ultimately causing blistering, flaking, and the
gradual detachment of plaster and paint layers. The cold
and arid climate, severe temperature fluctuations, and
freeze—thaw cycles further exacerbate cracking and reduce
adhesion between layers, accelerating the decay process.
Additionally, anthropogenic, biological, and structural
factors including termite activity, structural stresses from
the dome, environmental vibrations, and inappropriate
past interventions have significantly undermined the
cohesion of the plaster decorations.

Evaluation of the conservation and restoration measures
indicates that the selection of materials and techniques
was grounded in a thorough understanding of the
historic materials and mechanisms of deterioration. The
use of compatible and reversible consolidants such as
Primal, Plexol, and Paraloid B72 enhanced the cohesion
of the plaster and paint layers without compromising the
authenticity of the work. Controlled color harmonization
ensured the visual legibility of the inscription while
preserving the distinction between original and restored
sections.

In summary, this study demonstrates that although
the materials and techniques employed in the plaster
inscription of AqQaleh Mosque possess high technical
and historical authenticity, the combination of adverse
environmental, structural, biological, and human factors
has led to its gradual deterioration. The integration
of laboratory data with field studies not only elucidates
the precise mechanisms of decay but also provides a
scientifically robust foundation for developing effective
conservation and restoration strategies. This analytical
approach can serve as a model for the preservation of
historical polychrome plasterwork in comparable climatic
and environmental contexts.

Conclusion

The plaster inscription of AqQaleh Mosque in Neqab,
Sabzevar, represents a prominent example of plasterwork
of the llkhanid era in eastern Iran, bearing significant
historical, religious, and artistic value. This study, employing
an integrative approach based on field investigations,
laboratory analyses, and restoration interventions, has
provided a comprehensive understanding of the technical
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Introduction

The Khorasan region, particularly its western areas
encompassing Sabzevar, Joveyn, and Esfarayen, has
historically constituted one of the principal centers of
civilization on the Iranian Plateau. Benefiting from a
strategic geographical position, abundant natural resources,
and its location along major historical communication
routes, the region experienced substantial cultural and
architectural development, particularly during the Islamic
period. Within this broader historical and cultural
framework, the historic city of AqQaleh in the Joveyn
Plain and its mosque assume particular significance.
The AqQaleh Mosque, constructed in the eighth century
AH during the reign of Oljeitu, was originally conceived
as part of an ambitious urban development scheme
inspired by the model of Soltaniyeh. Owing to political
circumstances, this project remained incomplete, with only
the mosque and its surrounding fortifications reaching
completion. The mosque is characterized by a rectangular
layout, a prominent iwan, a central domed chamber, and
flanking arcades, and represents a notable example of
Ilkhanid religious architecture executed in the Azari style.
Its most significant decorative feature is a finely executed
stucco inscription in Thuluth script, colored with natural
lapis lazuli blue pigment, located within the domed chamber
and comprising selected Quranic verses along with the
date 712 AH. Set against a red gesso ground enriched with
intricate vegetal (eslimi) motifs, the inscription possesses
considerable artistic, religious, and historical significance.
Nevertheless, over time, a combination of environmental
factors, human caused impacts, and unscientific restoration
interventions has resulted in substantial deterioration of
these decorative elements. Consequently, the AqQaleh
Mosque stands as one of the most distinguished examples
of Ilkhanid religious architecture in northeastern Iran.
Since the early 2000s, several conservation and restoration
efforts have been undertaken on the mosque; however,
some of these interventions, due to insufficient
scientific and laboratory studies, have drawn serious
criticism. Consequently, there is a pronounced need for a
comprehensive and systematic investigation to precisely
document and understand the construction techniques,
materials, pigments, and the extent and nature of damage
affecting the AqQaleh Mosque’s plaster inscription.
The present study, focusing on the technical analysis,
laboratory investigation, and condition assessment of the
AqQaleh Mosque’s plaster inscription, aims to provide a
thorough documentation of its current state and propose
scientific and practical strategies for its conservation
and restoration. The innovation of this research lies in
its integrative and multi-layered approach, combining
laboratory data, field studies, and comparative analyses
to establish a systematic and generalizable framework
for restoring painted plasterwork of the Ilkhanid period,
particularly in eastern Iran. Such a methodology represents

a crucial step toward preventing further deterioration
and safeguarding one of the most valuable examples of
Ilkhanid plaster artistry in the region.

Materials and Methods

In this study, a combination of field investigations and
instrumental laboratory analyses was employed to examine
the technical characteristics of the plaster inscription
at AqQaleh Mosque and to identify the materials and
pigments used. Sampling was conducted in a limited and
randomized manner from the original red and lapis lazuli
blue pigments, strictly adhering to the ethical principles of
conservation.

The collected samples were analyzed using two
complementary techniques: X-ray diffraction (XRD) and
X-ray fluorescence (XRF). XRD was applied to identify the
mineral phases and crystalline structures of the pigments,
while XRF was utilized to determine their elemental
composition and to more precisely verify their chemical
nature. The concurrent application of these two methods
enhanced the accuracy, scientific reliability, and verifiability
of the analytical.

Results

Laboratory analyses of the pigments used in the plaster
inscription of AqQaleh Mosque in Sabzevar revealed
that the red pigment is ochrebased, primarily composed
of hematite with the chemical formula Fe,O, X-ray
diffraction (XRD) confirmed the dominant presence
of hematite alongside phases such as quartz, gypsum,
anhydrite, and feldspar, indicating the use of a mineral
pigment consistent with the technological practices of the
Ilkhanid period. Examination of the blue pigment, based
on XRD results and complemented by elemental analysis
through X-ray fluorescence (XRF), confirmed the use
of ultramarine-based. The blue pigment is ultramarine-
based with low purity, associated with silicate phases and
minor cobalt. High SO, and CaO indicate a sulfate phase
(likely gypsum) as the substrate, supporting its historical
authenticity.Conservation pathology studies indicate that
the deterioration of the plasterwork and painted layers
results from the complex interplay of environmental,
structural, and anthropogenic factors. Temperature
fluctuations, freeze—thaw cycles, moisture and soluble salts,
along with structural stresses, environmental vibrations,
biological activity, and improper human interventions,
have collectively contributed to damages such as cracking,
blistering, flaking, and gradual loss of decorative
elements. These findings underscore the necessity of
a comprehensive approach to the conservation and
restoration of the inscription.

Theresultsof theconservationandrestorationinterventions
demonstrate that the implementation of a carefully phased
methodology, encompassing meticulous documentation,
controlled mechanical and chemical cleaning, structural
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The stucco inscription  of
AqQaleh  Mosque in Negab,
Sabzevar,
the most significant Ilkhanid
architectural ornaments in eastern
Iran, distinguished by its artistic,
historical,  and
value. This study aims to identify
the construction and execution
techniques, diagnose patterns of
deterioration, conduct laboratory
analyses, and develop a scientifically
approach  for the

represents one of

technological

grounded
conservation and  restoration
of the inscription. Initially, field
surveys and imaging techniques
were employed to document
the overall condition of the
monument, including its structural
characteristics, paint layers, stucco
carving, and decorative elements.
Subsequently, X-ray diffraction
(XRD) and X-ray fluorescence
(XRF) analyses were performed
to determine the mineralogical
structure and chemical composition
of the pigments, indicating the
use of natural mineral colorants
such as red ochre and ultramarine-
based. The diagnostic phase
identified multiple deterioration
factors, including damage caused
by moisture, thermal fluctuations,
structural stresses, chemical and
biological agents, and inappropriate
earlier interventions. Based on

these findings, the restoration

process cleaning,
consolidation, reconstruction of
missing decorative and inscriptional
elements, chromatic reintegration,
and final stabilization, all carried
out in accordance with the
principles of reversibility, Limited
intervention and compatibility in

appearance. In addition, a set of

comprised

preventive conservation measures
aimed at ensuring preservation for
an extended period was proposed,
encompassing environmental
control, the installation of
protective barriers, staff training,
and the mitigation of structural
moisture. What distinguishes this
research from previous studies
on Ilkhanid stucco conservation
is the integrated application of
advanced laboratory analyses and
in situ diagnostic investigations
to develop a coherent, tailored
conservation  framework  for
polychrome stucco inscriptions,
an approach that has not been
systematically articulated within
previous studies of eastern Iranian
architectural ~ ornamentation.
Keywords: Conservation;
Restoration; Stucco Inscription;
AqQaleh Mosque;  Neqab;
Sabzevar;  Material ~ Analysis;
Damage Assessment; Ilkhanid
Period.
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