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Abstract

This study investigates the structure and composition of paint layers applied to the architectural
ornaments of the Shahneshin room of the Masoudi House in Tuyserkan, a valuable Qajar-period
building. Given the diversity of motifs and colors in the mural paintings and gypsum-based materials,
and the lack of technical and materials-based studies, this research aimed to identify the colorants and
examine the structural characteristics of the paint layers. Accordingly, twelve paint samples
representing light green, yellow ochre, red, blue, light gray-green, orange, and brown hues were
examined using digital microscopy and scanning electron microscopy coupled with point energy-
dispersive X-ray spectroscopy (SEM—EDS). The results showed that the painting systems of the mural
paintings and gypsum-based ornaments were based on a diverse range of mineral pigments and multi-
component mixtures. The analytical evidence is consistent with the presence of iron-, copper-, lead-,
chromium-, cobalt-, and arsenic-based pigments, as well as ultramarine. In several samples, the
combination of two or more pigments and the simultaneous use of lightener or filler materials played
an important role in producing the final hues. Furthermore, analysis of the metallic layer showed that
it was predominantly composed of copper and zinc and consistent with a copper—zinc alloy (brass);
minor amounts of gold, lead, and tin were also detected. Overall, the findings reveal the diversity of
materials and painting technologies employed at the Masoudi House and provide valuable data for a
better understanding of deterioration mechanisms and for selecting compatible materials and methods
for the conservation and restoration of this historic building.
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Introduction

The identification of colorants in painted architectural layers is
important for understanding historical painting technologies,
conservation

material use, deterioration

>

processes, and
requirements. Colorants include pigments and dyes; mineral
pigments, whether naturally occurting or synthetic, have been widely
used in architectural decoration because of their durability and
covering properties. Their characterization can therefore provide
valuable evidence for archacological and art-historical interpretation
and for the development of appropriate conservation strategies.
This study investigates the painted layers of the architectural
ornamentation in the Shahneshin Room of the Masoudi House in
Tuyserkan through field observation and technical analyses.
Constructed during the Qajar period approximately 130 years ago,
the Masoudi House is a two-story residence that currently functions
as the Tuysetkan Museum of History and Culture. An abjad
inscription above the entrance dates the building to 1292 AH. The
Shahneshin Room, the principal ceremonial space, is extensively
decorated with plasterwork, mirrorwork, and painted motifs
depicting vegetal, human, natural, and animal subjects, including
representations of Iranian rulers from antiquity to the Qajar period.
The diversity of imagery, vivid colors, and refined decorative details
make the building a significant example of Qajar architectural
ornamentation. Despite its historical and artistic significance, the
building has received limited scholarly attention, and documentation
of its construction history and subsequent alterations remains
scarce. This study therefore aims to characterize the colorants and
painted-layer structures of its architectural ornamentation and to
provide technical data for their interpretation and conservation.
Although comparable studies have examined Qajar monuments in
Tehran, Isfahan, and Tabriz, studies of representative buildings in
other regions of Iran remain limited. Investigating such monuments
is essential for a broader understanding of the materials and
technologies employed in Qajar-period painted architectural

ornamentation.

Methodology

Twelve representative samples of different colors—including
light green, ochre, gold leaf, dark blue, light greenish-gray, light blue,
grass green, orange, dark red, reddish-brown, and orange-brown—
were collected and coded to characterize the colorants used in the
mural paintings and painted plaster ornamentation (Table 1).

Samples were selected based on color diversity, differences in the

appearance of the painted layers, and the potential presence of

distinct colorants. Sampling was conducted with minimal
intervention, and the sampling location, apparent colot, and type of
ornamentation were recorded for each specimen. Samples were
prepared according to the requirements of each analytical technique.
Surface characteristics, color heterogeneity, and suitable areas for
further analysis were examined using a Dino-Lite Plus digital
microscope at 65X and 220X magnification. Selected samples were
subsequently analyzed by scanning electron microscopy coupled
spectroscopy  (SEM-EDS). A

TESCAN MIRA3 SEM at the Razi Foundation for Applied

with energy-dispersive  X-ray

Sciences was used for high-magnification imaging and point
elemental analysis. The instrument provides a resolution of
approximately 1.5 nm at 15 kV and 4.5 nm at 1 kV, while the EDS
detector has an energy resolution of 126 eV and a detection limit
above 5000 ppm for elements from boron (B) onward. SEM
imaging and point EDS analyses were conducted under vacuum,
and backscattered-electron (BSE) images were acquired for detailed
examination of the samples. The analytical results were interpreted
in conjunction with microscopic observations and morphological
characteristics to identify the colorants and assess their distribution

within the painted layers.
Results

Microscopic  investigations and SEM-EDS analyses were
conducted to characterize the morphology, stratigraphy, elemental
composition, and preservation of selected painted architectural
samples. Digital microscopy revealed variation in particle size,
pigment distribution, layer structure, and surface condition. The
samples generally showed heterogeneous granular structures,
localized cracking and erosion, and, in several cases, mixtures of two
or more pigments. T.3 and T.4 were associated with metallic
substrates or layers, while T.11 showed a stratigraphic sequence of
gypsum substrate, preparatory layer, lead-containing paint, and
protective varnish. SEM-EDS results further charactetized the
elemental composition of the samples. T.1 was dominated by Si, K,
Ca, and Cu, with minor Fe, Pb, and other elements. T.2 showed
high Pb with Fe and O, indicating a lead-based pigment. T.3
contained mainly Si, O, and Ca, whereas T4 was rich in Cu and Zn,
with Au, Pb, and Sn. T.5 showed an elemental composition
consistent with an ultramarine-type pigment. T.6 was dominated by
Ca, Si, Al, K, and Mg. T.9 contained S, Al, Co, Ca, and O, indicating
a cobalt-bearing blue pigment. T.10 showed Ca, Cr, Mg, Al, Pb, S,

Fe, and Si, reflecting a multi-component pigment system. T.11
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contained a lead-bearing orange paint layer, with the combined paint
and varnish thickness measuring approximately 13—20 pm. T.12 and
T.13 were dominated by Pb and O, consistent with lead-based red
pigments, while T.14 contained high Pb, As, and Fe, indicating lead-
, arsenic-, and iron-bearing components. Overall, the results indicate
a diverse palette and varied layer structures, including both
individual and mixed pigment systems, reflecting the use of different

materials and techniques in the painted architectural ornamentation.
Discussion

The SEM-EDS results indicate that the painted decoration of
the Mas'oudi House comprises diverse mineral pigments and
heterogeneous mixtures. T.1 is consistent with a mixture of coppet-
based green, iron-bearing yellow, and green-earth pigments, with Pb
possibly related to lead white or the underlying preparation. T.2 is
primarily associated with yellow ochre, with a possible minor
chromium-containing component. T.3 represents a thin translucent
colored layer over a metallic substrate, with minor Fe and Cu
contributing to its coloration. T.4 is mainly consistent with a Cu—Zn
alloy (brass), with the presence of Sn suggesting a possible bronze-
related component. The dark-blue color of T.5 is cautiously
attributed to an ultramarine-type pigment, with calcium-bearing
material and possible lead white or preparation components. T.6 is
consistent with a mixture of iron-bearing green earth and a calcium-
rich light-colored component, possibly including gypsum. T.9
indicates a mixed blue system containing an ultramarine-related
component and cobalt-bearing pigment, together with calcium- and
possibly lead-bearing materials. T.10 shows a complex mixture of
iron-bearing silicate material, potentially celadonite, a chromium-
containing green pigment, and other mineral components, including
a  possible T.11-T.14,

ultramarine-related phase. Samples

representing  orange, red, and reddish-brown areas, are
predominantly lead-bearing. T.11 is consistent with minium (red
lead, Pb3Oy,), while T.12 and T.13 are also compatible with lead-
based red pigments, although their heterogeneous compositions
indicate mixtures rather than pure pigment phases. T.14 contains
Pb, Fe, and As, suggesting a mixture of lead-, iron-, and arsenic-
bearing pigments, potentially including minium, an iron-oxide
pigment, and an arsenic sulfide such as realgar or orpiment. Overall,
the results demonstrate the use of copper-, iron-, lead-, cobalt-,
chromium-, and arsenic-bearing materials, together with calcium-
and silicate-rich components. The heterogeneous compositions of
several samples indicate that pigments were frequently combined
with other pigments, fillers, preparation materials, or underlying

layers. This material diversity provides important evidence for the

painting technology and informs the interpretation of deterioration

and the selection of compatible conservation matetials.
Conclusion

This study aimed to identify the materials and characterize the
structural and technological features of the painted layers in the
murals of the Masoudi House in Tuyserkan. Microscopic and SEM—
EDS analyses revealed diverse, multilayered structures and the use
of a wide range of mineral pigments, including minium, malachite,
yellow ochre, arsenic sulfides, and ultramarine, as well as chromium-
, cobalt-; and celadonite-based components (Table 3). The presence
of multiple pigments in several samples indicates that some colors
were produced by mixing different materials. Comparison with
Qajar-period monuments in Birjand, Isfahan, Tabriz, and Nishapur
reveals similarities in the use of several pigments, particularly
minium, yellow ochre, malachite, arsenic sulfides, and ultramarine-
related materials. At the same time, chromium- and cobalt-based
components and diverse multi-component mixtures distinguish the
palette of the Masoudi House. These similarities and differences
suggest both recurring patterns in Qajar painting technology and
variations related to material selection and application practices.
Cross-sectional examination showed that the painted systems
comptised substrates, preparation layers, paint layers, and, in some
cases, surface coatings. Variations in particle distribution, layer
density, preservation condition, and pigment mixtures further
demonstrate the technological complexity of the ornaments. From a
consetvation perspective, these findings provide a basis for assessing
deterioration, evaluating material compatibility, and selecting
appropriate treatment methods. Overall, the study contributes to
understanding the materials and technologies of Qajar-period
painted architectural ornamentation in Tuyserkan and provides a
basis for comparative studies of other historic Qajar monuments in

Iran.
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layer; (6) varnish.
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Figure 4. Executed murals in Masoudi House, Tuyserkan, Hamadan: (a) an angel motif on the ceiling of the Shahneshin room; (b, €) murals depicting

natural landscapes and palaces; (c, d, j) vase-and-flower motifs accompanied by birds; (f, g, h, k) motifs executed in the upper section of the dado; and

(i) paintings executed on the plaster cornice.
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Figure 5. The 12 paint samples examined in this study, in the following order: light green, yellow ochre, reddish paint on the surface of the gold foil,

dark blue, light greenish-gray, light blue, grass green, orange, dark red, reddish-brown, and orange-brown.
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Table 1. Characteristics of the 12 study samples and the types of analyses performed on them.
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Figure 6. Digital microscope images at 220X magnification of 12 paint samples from the architectural ornament of the Masoudi House, Tuyserkan.
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Figure 7. Scanning electron microscopy (BSE) images of the surface of
sample T.2.
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Figure 8. SEM images of the cross-section of sample T.11: (a, b) examination of the paint layer thickness; (c) SEM image of the cross-section of the

varnish layer
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Figure 9. Results of elemental analysis (EDS) of the paint samples from the architectural ornaments of the Masoudi House, Tuyserkan.
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Table 2. EDS analysis results for the 12 paint samples from the architectural ornaments of the Masoudi House, Tuyserkan: elemental weight

percentages (wt.%).

T.1 T2 T.3 T4 T.5 T.6 T.9 T.10 *T.11 T.12 T.13 T.14

C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.93 12.76 0.0
o 74.79 57.95 60.41 41.50 46.10 75.47 59.41 76.54 58.83 21.84 37.56 59.38
Co 0.0 0.0 0.0 0.0 0.17 0.0 0.21 0.29 0.0 0.0 0.0 0.0
Fe 0.27 1.26 1.54 0.16 1.23 0.26 0.34 0.23 0.0 1.23 0.88 1.25
Cu 0.65 0.0 0.50 35.41 0.82 0.67 0.37 0.58 0.0 0.58 0.0 0.0
Na 0.0 0.0 1.43 0.0 1.94 0.0 0.0 1.51 0.23 0.0 0.0 0.0
Mg 2.22 2.09 1.20 0.59 0.63 1.97 0.10 1.04 0.56 0.26 0.47 0.81
Al 3.62 0.72 3.10 1.95 3.02 2.69 1.08 2.43 2.19 0.67 1.43 3.73
Pb 5.78 35.27 0.0 0.0 24.63 0.0 19.58 0.0 26.54 55.39 34.77 16.66
S 2.99 0.0 8.01 5.32 6.70 9.13 6.57 7.08 0.0 0.0 0.0 4.95
K 0.75 0.0 1.96 1.00 1.38 0.30 0.40 0.43 0.93 0.66 0.61 0.71
Zn 0.0 0.72 0.51 3.31 0.0 0.82 0.0 0.0 0.0 0.0 0.0 0.0
Si 5.90 0.99 7.49 3.44 591 2.53 2.87 3.02 5.87 1.47 0.0 4.75
P 0.0 0.34 0.27 0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.63
Cr 0.0 *1.42 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
As 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.36 0.0 0.0 0.0 1.92
Au 0.0 0.0 0.44 0.73 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sn 0.0 0.0 0.0 1.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca 3.03 0.67 13.14 5.00 7.46 6.16 8.79 5.46 4.85 1.97 8.06 5.19
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