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Abstract

According to archaeological findings, the onset of agriculture, permanent
settlement in villages, increased labor, dietary changes, and population
growth led to a significant rise in diseases and physical traumas among
Neolithic humans. Neolithic lifeways carried substantial physiological
consequences, marked by the appearance and spread of skeletal lesions
that had been rare or absent in earlier foraging societies. These health
issues can be broadly categorized as skeletal traumas resulting from shifts
in physical activities, oral and dental diseases, anemia caused by dietary
changes, infectious and epidemic diseases triggered by population growth
(e.g., skeletal tuberculosis), and zoonotic diseases resulting from close
cohabitation with domesticated animals. The cultivation and consumption
of cereals, which are low in iron, frequently led to iron-deficiency anemia
among Neolithic populations. This, in turn, contributed to other skeletal
conditions such as porotic hyperostosis and cribra orbitalia. The high
carbohydrate content of cereals also contributed to a noticeable increase
in dental caries. Another frequent condition of Neolithic populations was
osteoarthritis, arising from repetitive and strenuous agricultural labor,
particularly tasks such as grinding grain, hoeing, and carrying heavy loads.
Infectious and epidemic diseases became more prevalent due to factors
such as increased population density, permanent settlements, close
interpersonal contact, and poor hygiene practice factors conducive to the
spread of diseases like skeletal tuberculosis. The onset of sedentism and
increased proximity to animals also led to the emergence of deadly and
epidemic zoonotic diseases such as plague and brucellosis. Although the
evidence for these diseases in Iran remains limited and unevenly studied,
signs of such conditions have been identified in several Neolithic sites,
including Sheikh-i Abad (Sahneh County) and Ganj Dareh (Harsin County)
in Kermanshah Province, as well as Hajji Firuz Tepe in Azerbaijan.
Keywords: Domestication, Disease, Neolithic, Social Structure.
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Introduction
Around ten thousand years ago, human populations began the domestication
of plants and animals. As a result, sedentism emerged, and although some
might assume that humans thereby experienced a better life, the reality
was otherwise. Food production required continuous hard labor, diets were
often nutritionally poor, and life in denser communities—compared with
pre-sedentary periods—Iled to the spread of many diseases. While certain
aspects of living conditions improved, sedentism introduced new health
risks for human populations. Diseases associated with the transition to
domestication and sedentary life may be divided into three main categories:
dietary stress, biomechanical stress, and zoonotic disease.

This paper seeks to examine the skeletal pathologies and disease patterns
resulting from the Neolithic transition as evidenced by archaeological
remains recovered from prehistoric sites in Iran.

Skeletal Pathologies Related to Changes in Physical Activity
in Neolithic Communities

With the onset of domestication, food production, and sedentary settlement,
decreases in mobility and changes in subsistence practices introduced
new stresses on the human body. Activities such as herding, cultivation,
and animal husbandry placed new forms of strain on skeletal systems.
Archaeological evidence of joint pathologies from Neolithic sites in Iran
illustrates these consequences.

1. Osteoarthritis

Osteoarthritis is the most common form of degenerative joint disease,
affecting not only humans but also birds, whales, dolphins, dogs, cats, and
even dinosaurs dating back 200 million years. Evidence of degenerative
joint changes, especially osteoarthritis, is also observed among hunter—
gatherers. For instance, in prehistoric communities of the American
Southwest, bilateral osteoarthritis of the elbows was particularly frequent
among women, reflecting repetitive physical activities requiring bilateral
arm use, such as grinding grain with quern stones.

At Hajji Firuz Tepe, osteoarthritis represents the most common
pathology, affecting approximately 63% of adults. At Ganj Dareh, out of
34 individuals studied, nine (26.5%) exhibited vertebral osteoarthritis,
including marginal lipping, eburnation, and horizontal osteophytes, all of
which were restricted to adult individuals.

2. Ankylosing Spondylitis

Ankylosing spondylitis is a chronic inflammatory rheumatic disease
primarily affecting the axial skeleton, characterized by back pain, stiffness,
reduced mobility, and fatigue. In advanced cases, inflammation leads to
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ossification of the spinal ligaments and ankylosis of large joints. Onset
usually occurs in the late second or early third decade of life. At Ganj
Dareh, one elderly male exhibited ossification of the anterior longitudinal
ligament and ankylosis involving at least four thoracic vertebrae, likely
resulting from prolonged strenuous physical activity.

Diseases Associated with Nutritional Change in Neolithic
Populations

1. Anemia

Anemia is the most widespread nutritional disorder worldwide, affecting
particularly children and women of reproductive age. Neolithic farmers
relied heavily on cereals, which are poor in iron and contain phytates that
inhibit iron absorption. This led to iron-deficiency anemia, manifested in
skeletal lesions such as porotic hyperostosis and cribra orbitalia. At Ganj
Dareh, 85% of adults showed porotic hyperostosis, while 82.2% displayed
ectocranial porosity on cranial vaults. Similar conditions have been
documented at other Neolithic sites across Southwest Asia, including Zawi
Chemi in Iraq, where 42% of skeletons displayed anemia-related lesions.
At Hajji Firuz, cribra orbitalia was reported in one-third of the sample.

2. Dental Caries

A major health problem following the adoption of agriculture was dental
decay, due to increased carbohydrate consumption. Teeth, being directly
influenced by diet, provide excellent evidence for subsistence transitions.
Caries occurs when oral bacteria ferment carbohydrates, producing organic
acids that demineralize enamel and dentine. At Ganj Dareh, analysis of 366
juvenile and 228 adult teeth revealed no caries in individuals under 30
years of age. By contrast, the Hajji Firuz sample showed high frequencies
of carious lesions. Comparative evidence from Catalhdyiik in Turkey also
reveals significant caries prevalence, associated with cereal-based diets.

Diseases Linked to Population Growth and Animal
Domestication

1. Epidemics and Infectious Disease

Population growth following the Neolithic transition increased risks of
communicable diseases. Rathbun reported that approximately 30% of
Neolithic skeletal samples from Iran and Iraq displayed signs of infection.
While no skeletal evidence of tuberculosis was detected at Ganj Dareh
(Merrett, 2004: 212), TB has been documented in the Zagros at Zawi
Chemi. Similar findings at Catalhdyiik indicate periosteal infections but no
evidence of mycobacterial disease.

2. Zoonotic Infections
Close human—animal interaction in early villages facilitated zoonotic
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transmission. Rabies was transmitted by dogs, while measles, diphtheria,
and tuberculosis derived from cattle.

- Brucellosis (Malta Fever): Caused by Brucella bacteria, transmitted
via direct contact, inhalation, or consumption of contaminated dairy and
meat. Evidence from Ganj Dareh suggests early brucellosis: one elderly
male exhibited lytic vertebral lesions diagnostic of infection.

- Plague: Caused by Yersinia pestis, plague is one of the oldest epidemic
diseases, transmitted to humans via fleas from rodent reservoirs. Although
no direct evidence of plague has been found in Neolithic Iran, it likely
posed a significant risk to early farming communities.

Conclusion

This study has examined pathological conditions associated with plant
and animal domestication in Neolithic Iran. Skeletal evidence from Hajji
Firuz, Ganj Dareh, and other sites reveals a wide spectrum of health
consequences. Sedentism and agriculture introduced repetitive physical
strain leading to osteoarthritis and ankylosing spondylitis. Nutritional
stress, particularly iron deficiency, caused widespread anemia manifesting
as porotic hyperostosis and cribra orbitalia. The reliance on carbohydrate-
rich cereals led to significant dental caries. Population growth, combined
with the close cohabitation of humans and animals, facilitated the spread
of infectious and zoonotic diseases such as brucellosis, while raising the
potential for epidemics.

Although skeletal material from Neolithic Iran remains scarce and
unevenly analyzed, available evidence highlights the crucial role of
bioarchaeological research in reconstructing health and lifestyle in early
farming societies. The Neolithic transition, while marking a turning point
in human subsistence and social organization, also exposed populations to
novel risks, many of which continue to challenge humankind today.
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Tab. 1: Frequency of osteoarthritis by age
group in the Neolithic site of Ganjdare
(Merrett, 2004: 216).
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Fig. 2: Depression on the articular surface
of the inferior part of a thoracic vertebra,
identified from Ganjdare; specimen no. 31;
scale bar = 1 cm (Merrett, 2004: 216).
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Fig. 3: Body of a thoracic vertebra from

37,
ossification of the anterior longitudinal

Ganjdare, specimen no. showing
ligament (right) and remaining disc spaces.

Scale bar = 1 cm (Merrett, 2004: 217).
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(Walker ez al., 2009: fig. 2 ;3| 438,5y)
Fig. 4: Spongy bone tissue of the orbital
cavity in the skull of a 4-year-old child from
Egypt’s Twelfth Dynasty (1991-1802 BCE);
recovered from the village of El-Lisht, south
of Cairo (adapted from: Walker et al., 2009:
fig. 2).
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(Walker et al., 2009: fig. 1
Fig. 5: Porotic hyperostosis in the skull of

a 3-year-old child from the Pueblo Bonito
culture, northern New Mexico (adapted
from: Walker et al., 2009: fig. 1).
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<« (Merrett, 2004: 211) _gows 09y
Frequency of cranial porotic

hyperostosis by age group (Merrett, 2004:

211).
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Tab. 3: Frequency of cribra orbitalia by lesion
type and age group (Merrett, 2004: 211).
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Tab. 4. Frequency of dental caries by age
(Merrett, 2004: 208).
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Tab. 5: Location of caries, affected teeth,
and number of carious lesions per tooth in
affected individuals (Merrett, 2004: 208).
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Fig. 6: Superior surface of the lumbar

vertebrae from specimen no. 22 at Ganjdareh.
Areas of bone deposition and resorption
indicate the presence of brucellosis (Merrett,
2004: 213).
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Abstract

Petrographic analysis involves the identification of rocks and minerals
within the clay and the examination of their relationship to geological
resources compatible with archaeological evidence. This method is one of
the approaches used to study ceramic materials to identify their components,
recognize similarities and differences in composition, determine the
proportion of each component, estimate the firing temperature of the
pottery, and ultimately investigate the provenance of the raw materials used
in pottery production. Given the importance of this method in archaeology
and the strong similarity between pottery samples from the Zayanderud
watershed and those of the Sialk III tradition at Tepe Sialk, the present
research aims to investigate and analyze their characteristics. The main
objectives of this study are to examine the composition and proportion
of elements within the ceramic fabric, identify firing techniques and
temperatures, determine similarities and differences among the samples,
and explore their relationship with pottery production at Sialk. The ceramic
materials examined in this study date between 4300 and 3100 BC. In total,
43 sherds were analyzed, including 36 samples from the sites of Gorgai,
Ashna, Jamalo, Gavyaran, Maidanak 1, and Badarkhani, and 7 samples
from Tepe Sialk. The samples were first examined based on macroscopic
features, style, and surface characteristics. Petrographic analysis was then
carried out using polarized light microscopy under plane-polarized light
(PPL) and cross-polarized light (XPL). The results indicate that, despite
minor differences in some samples, the pottery assemblages are highly
similar not only in appearance and decorative motifs but also in technical
characteristics such as voids, fabric structure, mineralogy, binding material,
and firing temperature. Differences in the firing conditions of some Sialk
samples, as well as the presence of igneous rock fragments or chert in
certain cases, suggest a different origin for the production of some vessels.
Nevertheless, the pottery from the Zayanderud watershed is generally
influenced by Sialk IlI-type pottery from Tepe Sialk.

Keywords: Mineralogy, Ceramic, Chalcolithic, Sialk III, Zayanderud.
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Introduction

The Zayandehrud River originates from the northeastern side of the
Bakhtiari mountains, specifically at the foot of the Karkonan Mountain in
Chelgerd. Along its 360 km course to its mouth, numerous small and large
tributaries flow into the river. The Zayandehrud Dam has a catchment area
of approximately 4,262 square kilometers, situated within geographical
coordinates of 54°49° to 50°45’ East longitude and 32° 18’ to 33° 12’ North
latitude. This basin, located in the Zagros highlands, features a variety
of elevations and lowlands. The highest point in the basin is Karpoosh
Mountain, situated in the southwest, which rises to an elevation of 3,974
meters. In contrast, the lowest point is the riverbed at the Zayandehrud
Dam, at an elevation of 1,976 meters above sea level. The average
elevation of the basin is 2,492 meters, and over 50% of its surface area lies
at altitudes exceeding 2,400 meters. This basin is among the highest in the
country, with substantial snowfall and rainfall constituting its main climatic
characteristics. The earliest evidence of human occupation along the river
has been identified in Qaleh Bozi Cave, located southwest of Isfahan near
Dizicheh. The ancient sites within the studied basin reveal the settlement
of many populations that closely followed the Sialk tradition. One of the
most important environmental aspects in these areas is their nearness to
the Zayandehrud River, suggesting a significant reliance on agriculture by
the residents. Most of the identified locations within this basin have been
cataloged through surface surveys and are attributed to the Chalcolithic
period; these encompass Tepe Jamalo, Ashna, East Kalbali, West Kalbali
(Jahangir Khan), Khersank 1, Gorgai Tepe, Dolatabad, Maidandak 1,
Tepe Gavyaran, Tepe Nanadegan, and Badrkhani. This study examines 36
pottery sherds from the Sialk III period collected from six sites located in
the Chaharmahal and Bakhtiari and Isfahan provinces. In addition, seven
Sialk Ill-period pottery sherds from Tepe Sialk in Kashan were selected
for petrographic analysis. The primary aim of these analyses is to identify
the constituent materials of the ceramics and to assess similarities and
differences in their composition. Specifically, the study seeks to determine
the proportion of each component, estimate firing temperatures based
on mineralogical evidence, and investigate the provenance of the raw
materials used in pottery production. Petrographic analysis focuses on
identifying the rocks and minerals within the clay matrix and evaluating
their relationship to available geological resources in accordance with
archaeological evidence.

Discussion

In this section, we analyze the questions, evaluate the research hypotheses,
and draw conclusions based on the results of the experiments conducted
on the data. This approach offers a different perspective on the presented
content. The pottery of the Sialk III period is markedly more refined and
carefully manufactured than that of the preceding Sialk II phase, which
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is associated with the Cheshmeh Ali culture. It can be divided into two
main categories: coarse and fine wares. Coarse pottery is characterized by
a paste rich in calcite and iron compounds, producing a heterogeneous,
silty texture. In contrast, fine wares, which make up the majority of the
assemblage, exhibit a cleaner paste with minimal impurities. Fine pottery
is primarily composed of quartz minerals and iron compounds, with only
minor amounts of calcite, resulting in a uniform clay—carbonate fabric.
Petrographic analysis shows that the pottery from Gorgai Tepe, together
with samples from Ashna, Gavyaran, and all specimens from Maidanak
1, display a fine-grained or homogeneous silty texture. In contrast, the
samples from Gorgai Tepe (15), Ashna (5), Gavyaran (1 and 6), Badrkhani
(2, 3, and 5), Jamalo (3, 4, and 9), and Sialk (2) showcase a fine-grained
or heterogeneous silty texture, characterized by large pieces of calcite and
quartz as fillers. In addition to the clay paste, inclusions such as quartz,
calcite, iron oxides, and, in some cases, chert and siltstone are present as
tempering materials in the pottery. Quartz is consistently the dominant
component in all samples and appears to function as the principal binding
material. According to reports from Sialk, the most common ceramic
forms of the third period include bowls, jars, flat-based cups with vertical
walls, wide-mouthed cups and bowls with bases, tubular vessels, and
zoomorphic containers. Nevertheless, given the limited number of sherds
examined—most of which derive from vessel bodies and include only a
small proportion of Sialk-type pottery—it is not methodologically sound
to reconstruct vessel forms on this basis. All samples contain quartz
minerals, iron compounds, and calcite, although the relative proportions of
these constituents vary within the clay matrix. Such variation is expected
in light of the close geographic proximity of the sites and their broadly
similar geological settings. A notable exception, however, is observed in
the Gorgai samples, which contain chert inclusions, suggesting a different
raw material source. Furthermore, the presence of igneous rock fragments
within the clay paste from Sialk Hill indicates that this sample was derived
from sediments of igneous origin. The occurrence of igneous formations
in the region and the associated sedimentary deposits further support the
interpretation that this clay type is of local, indigenous origin.

Conclusion

This research focuses on examining the composition and relative proportions
of elements within the ceramic fabrics dated to 4300-3100 B.C. A total of
43 sherds were analysed, including 36 samples from the sites of Gorgai,
Ashna, Jamalo, Gavyaran, Maidanak 1, and Badarkhani, as well as 7
samples from Tepe Sialk. The main objectives of the study are to investigate
production techniques, firing methods, and the level of heat required during
manufacture, to identify similarities and differences among the samples,
and to clarify their relationship with ceramic production at Sialk. The study
addresses the following question: what are the technical and morphological
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characteristics of Sialk III pottery from the Zayandehrud basin? This
includes an analysis of the elemental composition and its proportions within
the ceramic matrix, the firing techniques employed, and the temperatures
reached in the kiln during the production process. In addition, the research
aims to identify the principal similarities and differences between Sialk II1
pottery from the Zayandehrud basin and comparable examples from the Sialk
site itself. Comparative microscopic analysis of Sialk III pottery from the
basin indicates a high degree of similarity with samples from Tepe Sialk in
terms of surface appearance and decorative patterns. Moreover, the technical
characteristics of the ceramics, including fabric composition and firing
conditions, are largely consistent between the two assemblages. Despite minor
variations observed among certain samples, characteristics such as voids,
internal structure, mineralogical composition, binding materials, and firing
temperatures display a high degree of consistency. The kneading techniques
and overall paste quality are likewise comparable across the assemblage.
Although individual examples show slight differences, the majority share a
broadly similar fabric and structural composition. The principal constituents
of the pottery are quartz, calcite, and iron oxides, with quartz functioning as
the dominant binding material. Furthermore, in most samples—excluding
those from Tepe Sialk—the firing temperature appears to have been below
or close to 800 °C. The differences observed in the firing conditions of
the Sialk samples, along with the presence of igneous rock fragments or
chert inclusions in some cases, suggest a distinct provenance or production
context. Nevertheless, from a technical perspective, the pottery from the
Zayandehrud watershed exhibits strong similarities to Sialk III ceramics.
Based on these results and the overall consistency among the samples, the
selection of additional specimens for further analytical testing would be
beneficial in clarifying the origin of their manufacture. Such samples may be
chosen either for their close structural resemblance to ceramics from other
sites or for their distinctive compositional and technological characteristics.
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Fig. 1: The location of the region and sites
mentioned in the text (Shahbazi Tabar, 2022).
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Fig. 3: A number of samples selected for
petrography: 1, 2, 9 and 10 (8, 10, 15 and 5
from Gorgai Tepe); 3, 8, 12 and 20 (2, 4, 3
and 6 from Badrkhani); 4, 16, 24 and 25 (1,
5, 4 and 3 from Tepe Gavyaran); 5, 6, 7 and
15 (7, 4, 8 and 3 from Maidandak 1); 11, 21,
22 and 8 (7, 1, 2 and 4 from Tepe Jamalo);
13, 14, 17 and 26 (5, 3, 3 and 6 from Ashna)
(Shahbazi Tabar, 2022) and 18, 19, 27 and 28
(5, 1, 2 and 6 Samples from Tepe Sialk; this
samples are available at Kashan University,
provided to the authors by: Mohammad
Javad Hosseinzad Sadati).
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Fig. 4: Circular-elliptical void, 1) 2 from
Gorgai Tepe; 2), 5 from Ashna; 3) 4 from
Jamalo; 4) 6 from Sialk; elongated 5), 6
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Tabar, 2022)
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Fig. 5: Structure of samples. Composition
of clay-carbonate and homogeneous clay-
paste, 1) 5 Gorgai Tepe; 2) 3 Ashna; 3) 5
Tepe Gavyaran; 4) 7 Maidandak 1; 5) 5
Badrkhani; 6) 4 Jamalo; 7) 2 Sialk; non-
carbonate paste, 8) 11 Gorgai Tepe; 9) 5
Ashna; 10) Tepe Gavyaran; 11) 6 Badrkhani;
12) 3 Jamalo; heterogeneous silty texture,
13) 6 Tepe Gavyaran; 14) 6 Ashna (Shahbazi
Tabar, 2022).
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Table 2: Results of the petrographic study of
Sialk III pottery in the studied area. (Authors,
2022).
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Fig. 6: Mineralogy, 1) 6 Tepe Gavyaran; 2) 6
Tepe Ashna; 3) 9 Tepe Jamalo; 4) 5 Gorgai
Tepe; 5) 6 Tepe Jamalo; 6) 4 Tepe Jamalo;
7) 5 Tepe Badrkhani; 8) 13 Tepe Jamalo; 9)
2 Tepe Sialk; 10) 6 Maidandak 1; 11) 2 Tepe
Badrkhani; 12) 11 Gorgai Tepe; 13) 6 Tepe
Jamalo; 14) 15 Gorgai Tepe; 15) 1 Tepe Sialk;
16) 7 Tepe Maidandak; 17) 1 Tepe Badrkhani;
18) 1 Tepe Jamalo. (Authors, 2022).
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Abstract

The ancient site of Mosasir, located in Rabat in Sardasht county, is one of
the most important historical-cultural centers, and is exposed to natural and
anthropogenic dangers according to field surveys and studies. Therefore,
this research addresses the problem of preventing its destruction and
ensuring its preservation. The implementation of protection programmes
is contingent upon prior assessment of the vulnerability of ancient sites.
Accordingly, the main goal of the research is to investigate and analyze
the role of effective natural factors (slope, land use, geology, rainfall,
elevation and distance from the fault line) in the process of protecting
versus destroying the ancient site of Mosasir. ArcGIS software was used
to prepare the data for these factors, and the TOPSIS model was used to
rank them. Weights and the relative importance of each criterion were
determined through pairwise comparisons by eight academic experts using
the AHP model in Expert Choice. According to the results, the ancient
site of Mosasir falls into the low-vulnerability category, and the factors
of elevation, slope and distance from the fault line had the greatest effect
on its potential destruction. Owing to the region’s exposure to rainfall and
the proximity of the Zab River to the site, precipitation, and consequently
an increased likelihood of flooding, can further exacerbate destructive
processes. Considering the concordance of the TOPSIS and AHP results
with field reality in the study area and a consistency index value of 0.09,
it can be concluded that the zoning map of geographical factors produced
with these models constitute a scientifically sound tool suitable for local
authorities.

Keywords: ArcGIS Software, TOPSIS Model, Mosasir Ancient Site.
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Introduction

An increasing number of ancient sites and structures are in danger of
being lost. Once destroyed, these resources are lost forever, together
with irreplaceable cultural heritage and scientific data. In addition
to misguided tourism practices, historical monuments and places
can also be affected by natural phenomena. The principal concern
addressed by the present study is the protection of ancient sites and
the identification of factors responsible for their destruction. One
such site shown by investigation and field studies to be exposed to
both natural and anthropogenic threats is the Mosasir site, located in
Rabat, Sardasht. To date, more than 13,000 historical objects have
been recorded in this area. Historic monuments and sites in cold-
and temperate-mountainous regions, such as Sardasht, are at risk
owing to heavy rainfall, vegetation growth, sediment compaction
and removal, road construction, and similar processes. Therefore,
it is necessary to identify environmental factors to reduce or arrest
degradation, while quantifying the impact of each factor. Thus, the
main goal of this study is to investigate the role of natural factors
and processes in the protection or destruction of ancient sites,
with an emphasis on the Mosasir ancient site. The central research
question is: which geographical factors are effective in destroying
the ancient site of Mosasir? We hypothesised that, among the natural
factors, rainfall and flood events play the most important role in the
destruction of ancient sites in the Sardasht region. ArcGIS software
was used to prepare the datasets for these factors and the TOPSIS
model was employed to prioritise them. Weights and relative
importance for each criterion were obtained from eight academic
experts via pairwise comparison in the AHP model using Expert
Choice.

Identified Traces

According to the TOPSIS model results, height, slope, and distance
from the fault line (in that order) exert the greatest influence on the
destruction of ancient sites. An inspection of the fault-line boundary

map for the study area indicates that most locations lie at very short
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distances fromthe fault. Sardasht city likewise occupies amountainous
setting, with the elevation of the majority of its sectors at or above
1000 meters. This topographic situation renders the region one of the
areas particularly prone to natural hazards. Conversely, rainfall and
flooding are also among the principal agents driving the deterioration
of ancient sites. River sediment load depends on topography, climatic
parameters such as precipitation, and basin erodibility, all of which
control the quantity of sediment delivered to terminal basins. Erosion
and sediment accumulation are manifested directly as reductions in
soil fertility and land loss, the infilling of dam reservoirs, increased
turbidity of river waters, and broader environmental degradation.
Consequently, given these points and considering that the study area
occupies a position relatively favorable to rainfall and that the Zab
River runs close to the historical site of Mosasir, precipitation can
amplify destructive and damaging processes. Thus, the research
hypothesis is corroborated. Furthermore, owing to Harb’s strategic
siting on the eastern bank of the Zab Koch River, it is plausible that
Sargon passed through this region during military movements; Harb
Hill and its environs constitute one of the most important historical-
cultural centers, particularly in the first millennium B.C. Situated
between the Urartian and Assyrian polities, some site destruction in
the area may derive from such conflicts. Therefore, we recommend
further investigation into the destructive effects of human factors on

these related ancient sites.

Conclusion

The erosion of ancient monuments and buildings has been the subject
of many studies, but in our country relatively few measures are taken
to preserve and maintain them. Given the agreement between the
TOPSIS and AHP outputs and field observations in the study area,
and the consistency index of 0.09, we conclude that the zoning
map of geographical factors produced by these models provides a
scientifically robust solution suitable for authorities. Furthermore,
the use of modern satellite imagery and high-spatial-resolution aerial

photographs for the detection of ancient artifacts and the retrieval of
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archaeological information can substantially assist future research

and enhance knowledge of the past.
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and 5 (Authors, 2024).
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Fig. 3: Land-use and geological roles
of Sardasht County and the Musasir
archaeological site  (Authors, 2024).
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of Sardasht County and the Musasir

archaeological site (Authors, 2024).
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Musasir archaeological site (Authors, 2024).
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Tab. 2: Initial matrix of factors influencing
the degradation of the Musasir historical site
(Authors, 2024).
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Tab. 3: Positive and negative ideals of factors
affecting the degradation of the Musasir
historical site (Authors, 2024).
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Tab. 4: Vulnerability and degradation

of historical sites based on influential
geographical factors (Authors, 2024).
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Abstract

The relief of Khan Takhti, located near Salmas, is one of the most significant
works of the historical period in northwestern Iran. However, due to
the current condition of the monument and the absence of a discovered
inscription, as well as the fact that it belongs to a historically uncertain
period, diverse interpretations have emerged regarding its characteristics
and historical context, particularly concerning the identity of the pedestrian
figures. In this research, an attempt is made to propose a new hypothesis and
perspective on the creation of this relief and the identity of its pedestrian
characters. To this end, the views of previous scholars are first reviewed,
followed by an analysis of the historical, political, and cultural conditions
of Iran and ancient Armenia during the presumed period of its construction,
which coincides with the Parthian rule of Armenia under the Arshakuni
dynasty, as well as the historical geography of the region. According to
the results of this study, the relief dates to the final years of Ardashir I’s
reign, at a time when his son, Shapur I, had begun to share power. The
pedestrian figures are likely identifiable as two local Armenian elders or
nakharars, and the relief most probably commemorates an alliance and
peace agreement between the Armenians of the region and the Iranian king
and crown prince. During this period, Ardashir succeeded in conquering
parts of southern Armenia, annexing them to the territory of Iranshahr
and gradually weakening the sovereignty of the Parthians of Armenia—
developments that later played a significant role in the full conquest of
the region under Shapur I. This political and historical context explains
the distinctive nature of the Khan Takhti relief in comparison with similar
reliefs in the province of Pars, including both its execution outside that
region and the emphasis placed on the full-face depiction of the figures,
with particular attention given to their facial features.

Keywords: The Relief of Salmas, Sasanian, Ardashir I, Shapur [, Arshakuni
Dynasty, Iran and Ancient Rome.
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Introduction

The Khan Takhti relief is one of the few yet significant works dating to
the Sassanid period in northwestern Iran. It is located approximately 12
kilometers southeast of Salmas, near the village of Khan Takhti and along
the road connecting Selmas to Urmia and has suffered extensive damage as a
result of long-term environmental erosion. Reliefs from the Sassanid period
constitute valuable sources for the study of the history and archaeology of
this era. Many Sassanid royal reliefs were created in the province of Pars,
which functioned as the dynasty’s place of origin and ancestral homeland;
the reasons for this concentration require further investigation and the
support of additional archaeological evidence. Nevertheless, except for the
reliefs at Tag-e Bostan in Kermanshah, the Khan Takhti relief represents
one of the few examples executed outside the province of Pars, in the
northwest of Iran. Unfortunately, a substantial portion of this relief has
been lost due to erosion, rendering many of its details difficult to recognise.
However, certain features can still be identified through drawings produced
by European orientalists during the past three centuries following their
visits to the region in which the monument is located. Despite this, the
absence of an inscription—presumably lost over time, if one originally
existed—and the lack of a clear reference to a specific historical event raise
important questions concerning the identity of the figures depicted.

The relief appears to have been created contemporaneously with the
event it commemorates, yet differing interpretations have been proposed
regarding its subject and meaning. One of the major developments of
Ardashir’s reign was the beginning of a new phase of conflict between
the Iranians and the Romans, and some scholars have associated the
Khan Takhti relief with this historical context. At the same time, Western
historical accounts have tended to record cultural and political conditions
in the East primarily during periods of conflict between East and West, a
tendency that has contributed to gaps and ambiguities in certain phases of
Iran’s historical record. One such ambiguity concerns the situation of the
Armenian region during the reign of Ardashir. Furthermore, insufficient
attention to the historical geography of the period in which the relief was
created, as well as to the political and cultural conditions of Armenia at
that time, has led some researchers to propose interpretations that remain
unclear or inconclusive. Within this framework, the present study examines
the conditions of Iran and Armenia during the final years of Parthian rule
and the early years of Sassanid rule, critically reviews previous scholarly
interpretations of the Khan Takhti monument, and ultimately analyses the
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hypotheses proposed here concerning the circumstances surrounding the
creation of this relief.

Discussion

The Khan Takhti bas-relief is one of the significant works of the Sassanid
period when compared with similar examples from the same era. Its most
distinctive feature is the considerable distance between its location and the
primary concentration of Sassanid bas-reliefs in the province of Pars, a
circumstance that raises important questions regarding the reasons for its
creation at this site. Several researchers have offered interpretations of this
monument, most of which are strongly influenced by, or directly derived
from, earlier studies, leading to the repetition of similar assumptions and
conclusions. In the present research, an effort has been made to re-examine
the ambiguities present in previous studies, with particular emphasis on the
political and cultural conditions of Iran and Armenia, their geographical
proximity, and the historical geography of these regions during the early
Sassanid period. From approximately 50 CE until the reign of Shapur I,
Armenia was ruled by a branch of Iranian Parthians known as the Arsacids,
or Arshakunis.

Conclusion

Historical sources and archaeological evidence demonstrate that during this
period Armenian religious, political, and cultural structures were strongly
influenced by the Parthians of Iran. The close cultural and social affinities
between the populations of these two regions led the Armenians to support
the Iranians in their conflicts with Rome until the end of Parthian rule in
Armenia. The Khan Takhti reliefis located near the relative frontier between
Iran and southern Armenia in antiquity. Considering historical accounts that
indicate the gradual support of the nakharars, or major Armenian nobles,
for Ardashir, and taking into account that Ardashir Babakan was unable
to fully control Armenia during his reign and succeeded only in capturing
parts of southern Armenia—apparently without large-scale military
conflict—the pedestrian figures depicted in the relief, who display attire and
physiognomic features similar to those of Parthian subjects, gain particular
significance. As noted, there were few substantial differences between the
Parthians of Iran and the Armenians of this period in terms of religion
and culture. If the two figures represented in the relief are understood as
local Armenian nobles from the region in which the monument was carved,

the petroglyph can most plausibly be interpreted as a commemorative
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monument symbolizing the alliance and loyalty of the Armenians of the
area to Ardashir Sassanian and his crown prince, Shapur 1. The specific
reasons and details of this political agreement remain historically unclear
and may originally have been recorded in an inscription that has since
been lost. Furthermore, the fact that this petroglyph—unlike other reliefs
of Ardashir and Shapur I carved in the province of Pars—was created in
northwestern Iran can be attributed to its thematic emphasis on peace and
alliance, as well as its strategic placement overlooking an ancient route and
passage. Future fieldwork and archaeological excavations in the area of the
monument are expected to yield new and valuable information regarding
the circumstances of its creation. Nevertheless, as with all archaeological
interpretations, the discovery of new archaeological or historical evidence

may refine, supplement, or revise the hypothesis proposed in this study.
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Fig. 1: Location of the Khan-Takhti relief in
the Salmas (Author, 2023).
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Fig. 2: General view and current condition of
the relief (Author, 2023).
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Fig. 3: Location of the relief on the

mountainside (Author,  2023).
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Fig. 4: View of the relief facing it (Author,
2023).
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Fig. 5: Details of the body of the horse and
sword of Ardashir Papakan (Author, 2023).
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Fig. 6: Tail and decorations of Ardashir’s
horse (Author, 2023).
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Fig. 7: A figure on foot next to Shapur’s horse
(Author, 2023).
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Fig. 8: Front part of Ardashir Papakan’s
horse (Author, 2023).
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Fig. 9: A figure on foot next to Ardashir’s
horse (Author, 2023).
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Fig. 10: Statue and horse of Ardashir
Papakan  (Author, 2023).
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Tab. 1: Chronology of the kings of Armenia
from 180 to 33 AD. (Author, 2023).
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Fig. 11: A) Bust of a Shami man, B) Parthian
man’s clothing discovered from Palmyra,
C) Statue of a decorated nobleman from the
city of Hatra, D) Statue of a military man
discovered from the city of Hatra (Safar &
Mostafa, 1998).
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Abstract

Fire worship stands as one of the most ancient beliefs in the early
civilizations of the world. This practice likely originated in prehistoric
societies and subsequently became integral to Zoroastrianism, evolving
into a fundamental aspect of the faith. Archaeological evidence and
linguistic analyses suggest that the roots of Zoroastrianism can be traced
back to the second millennium B.C. in Central Asia. While precise details
regarding the design of early Zoroastrian fire altars remain elusive, the
emergence of fire temples and altars took on a more defined structure during
the historical period, which coincided with the expansion of Zoroastrian
beliefs. This research delves into the typology of fire-altars in Central Asia,
with a particular emphasis on the formal developments of Zoroastrian fire-
altars spanning the 5th to the 8th century A.D. The investigation raises two
pertinent questions: What types of fire-altars were utilized in Central Asia
during the period under consideration? Moreover, what formal changes
did these fire-altars undergo from the 5th century A.D. to the onset of the
Islamic era? To explore these questions, a descriptive-analytical approach
has been adopted. The study further integrates archaeological evidence and
comparative methodologies to effectively address the research inquiries.
The findings of this study indicate that the fire-altars in Central Asia
exhibited four distinct yet concurrent formal designs during the period
from the 5th to the 8th centuries A.D.:
Columned fire-altars, 3) Hourglass-shaped fire-altars, and 4) Schematized

1) Parasol-shaped fire-altars, 2)

fire-altars. These structures typically featured a base, column, capital,
and brazier, and were constructed in two varieties: portable and fixed.
Furthermore, the embellishment of the fire-altars with a range of geometric,
floral, and symbolic motifs not only highlights their aesthetic qualities but
also suggests the presence of a spiritual environment, imparting a sense of
vibrancy and life to the worshippers.

Keywords: Fire-altar, Central Asia, Zoroastrianism, The Historical Period,
Early Islamic Centuries.
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Introduction

Zoroastrianism ranks among one of the most ancient and enduring religions
of the ancient world. While scholars specializing in Iranian studies have not
reached a consensus on the origins of this Iranian faith, various dates have
been suggested for its inception, ranging from the seventh millennium B.C.
to the Achaemenid Period. Notably, evidence of Zoroastrian practices has
been identified in Central Asia dating back to at least the first millennium
B.C. Indicators such as Zoroastrian burial customs and the veneration of
fire suggest the presence of this religion during that era in Central Asia.
Initially, the sanctity of early Zoroastrian fire temples was determined by
the presence of burning fire and vessels containing ashes; however, over
time, fire-altars evolved into more structured forms, manifesting in diverse
configurations throughout the historical period. The fire-altars in question
were either unearthed through archaeological digs or illustrated on various
artifacts such as containers, murals, sotodans, and funerary beds. The
examined fire-altars exhibit a range of formal characteristics. In certain
examples, the fire-altar features a conical base topped with a convex plate
designed to hold the fire. Conversely, other fire-altars are characterized
by columns and stepped plates at their lower levels. Additionally, another
category of fire-altars comprises two conical structures stacked atop one
another. Notably, some instances present unique designs, with their surfaces
adorned with decorative motifs representing floral, faunal, and mythological
themes. This research endeavors to analyze the morphology, typology, and
development of Central Asian fire-altars from the late historical period
through the early Islamic centuries, utilizing archaeological evidence as a

foundation.

Typology of Central Asian Fire-Altars

An analysis of fire-altars in Central Asia, spanning the 5th to the 8th
century A.D., has led to the identification of four distinct types. These
fire-altars can be assessed through various criteria, including their form,
discovery location, materials used, components, decorative elements, and
whether they are designed to be fixed or portable. Based on their shapes,
the fire-altars are categorized into four groups: 1) parasol-shaped, 2)
columned, 3) hourglass-shaped, and 4) schematized. Some of these altars
were uncovered during archaeological digs, while others are represented
in artistic forms such as containers, murals, sotodans, and funerary beds.

Although definitive conclusions regarding the medium of the depicted fire-
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altars cannot be drawn, it is evident that the fire-altar found at Ak-depe is

constructed from clay, as confirmed by archaeological findings.

Conclusion

The veneration of fire represents one of the most ancient religious practices
known in the ancient world. This tradition, originating in prehistoric times,
later became a fundamental aspect of Zoroastrianism. While precise
details regarding the inception of Zoroastrianism and the establishment
of its initial fire temples and altars remain elusive, the advent of the
historical era and the subsequent proliferation of Zoroastrianism led to
the formalization and structuring of fire temples and altars. An analysis
of fire altars from the 5th to the 8th century A.D. in Central Asia reveals
that they can be categorized into four primary types: parasol-shaped,
columned, hourglass-shaped, and schematized. This classification is based
on the essential elements that constitute the fire altars, which include the
base, column, capital, orb, horizontal plate, and brazier, all of which are
critical components of Central Asian fire altars. Historically, these altars
were utilized concurrently. This study illustrates the formal diversity of
fire-altars in Central Asia during the period under examination. In terms
of materials, the fire-altar at Ak-depe, which is made of clay, is the only
example that can be definitively analyzed. Nevertheless, it is reasonable
to hypothesize that some of the fire-altars in Central Asia, particularly the
portable types, may have been constructed from either clay or metal. It is
noteworthy that certain fire-altars in the region are stationary, like the one
at Ak-depe, while others are mobile, as evidenced by the representation
of a fire-altar on a silver vessel from Khwarezm, mural no. 7 in room
no. 1 of Panjikent, and the funerary bed of Anyang. The ability to carry
fire in portable fire-altars indicates the existence of mobile fire temples,
which is a crucial element of Zoroastrianism in Central Asia. The fire-
altar serves as a functional component within Zoroastrian fire temples;
however, the intricate decorations adorning its surface highlight its
aesthetic significance. These embellishments, which encompass a variety
of geometric, floral, and symbolic designs, are meticulously carved into
the base, column, capital, and brazier of the fire-altars, contributing to a
spiritually enriching and vibrant atmosphere for both the sanctuary and its
worshippers. A comprehensive analysis of the fire-altars in Central Asia
reveals a diverse array of forms that were utilized concurrently over a

span of at least four centuries. Despite variations in materials, structural
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characteristics, portability, and decorative elements, these fire-altars
collectively underscore the enduring influence of Zoroastrianism and its
religious manifestations in the region. When considered within a broader
geographical framework that includes Iran and Central Asia, the extent
and nature of cultural exchanges between these areas during the historical

period become evident.
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S5 a5 olsS )l Aol S L)olSCas s o0 gl 32 it (5] o
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(Skoda, 1985: 85) duid,g (US| &1S
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Gaibov &) ag @l olaidl dob (> .(1985: 84
<« .(Koshelenko, 2014: 128
Fig. 1: a. Drawing of the fire altar in mural
No. VII, room No. 1 of Panjikent (Belenitski
& Marshak, 1971: 30); b. Drawing of the fire
altar in mural No. I, room No. 10 of Panjikent
(Kstrov, 1954: Pl. VII); c. Drawing of the
fire altar in mural No. III, room No. 7 of
Panjikent (Ibid: Pl. XXVI); d. Image of a fire
altar in a mural, section XXV, room No. 28 of
Panjikent (Marshak, 1990: 303); e. Drawing
of a fire altar in the mural of the eastern hall
of the Bukhar-khudat Palace, Varakhsha
(Skoda, 1985: 85); f. Figure of a fire altar in
a side engraving of the small sarcophagus
of Lidan, (Riboud, 2007: 17); g. Drawing of
the image of a fire altar on the frontal part
of a terracotta ossuary near Shahr-i Sabz,
Kashka-darya Province (Grenet, 1996: 385);
h. Drawing of a fire altar on a silver vessel
(Skoda, 1985: 84); i. Drawing of a fire altar
on a silver vessel from Khwarezm (Skoda,
1985: 84); i. The base of the Ak-Tepe fire altar
(Gaibov & Koshelenko, 2014: 128).
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Goryacheva, 2017:) (2 5o Ao 45 Sy
5 gl 59y el yindls (Y 9 9) & (112
%) & (Shenkar, 2017: 200) X8 pomu )5S0
Ol 32 o 3y 9 (g il (A (Y
QIGST s (Y 9 V) & .(Riboud, 2007: 4)
i U (glad (A el b sy
.(Shishkin, 1963: 162) duudyg Jis|, o &5
GolpnSE B (9 @l St b (&
c).b (z 9 & <& -Miiller, 2008: 133) &.’lg‘j
Wl gLasSw oy 45 olaidl i

.(Naymark, 1995: 42)
Fig. 2: a. Image of a fire altar on the terracotta
ossuary of Novak in the Samirachi region
(Goryacheva, 2017: 112); b. (1 & 2). Figure of
a fire altar on an ossuary from Molla-kurgan
in Samarkand (Shenkar, 2017: 200); c. (1
& 2). Image of a fire altar on the lord Shi’s
sarcophagus in Xi’an (Riboud, 2007: 4); d. (1
& 2). Image of a fire altar on the base of a
fire altar depicted in the mural of the eastern
hall of the Bukhar-khudat Palace, Varakhsha
(Shishkin, 1963: 162); e. Drawing of a fire
altar on the Anyang funerary bed (Miiller,
2008: 133); f.,, g. & h. Drawing of the fire
altar imagery on the reverse of the coinage of
Bukhara (Naymark, 1995: 42).
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Fig. 3: a (1 & 2). Image of a fire altar on a
relief kept at the Miho Museum (Marshak,
2001: 236).
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(Miller, 2008: 133) s dow Gt ot (3t
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ot s 7 b (& (Riboud, 2007: 6) Jsf
Marshak,) «(Yu Hong) &,.m o= sﬁia S9)
CBT 59y o] S (@ .(2001: 253
(& (Riboud, 2007: 6) 093 (K (5ylamS1S
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ol (i (z .(Riboud, 2007: 8) SSb g9
Qb5 jyles dilaio 13 (25 fsgim] (59

.(Grenet, 2002: 92) Y5-Sg
Fig. 4: a. Image of a fire altar on the backs of
three camels at The Tomb of An Jia (Miiller,
2008: 133); b. Figure of a fire altar on the
first stone funerary bed (Riboud, 2007: 6);
¢. Drawing of the image of a fire altar on
Yu Hong’s tomb (Marshak, 2001: 253); d.
Drawing of the fire altar on the second stone
funerary bed (Riboud, 2007: 6); e. The base
of a funerary bed in the tomb of An Bei in
the vicinity of Luoyang (Riboud, 2007: 8); f.
Image of a fire altar on a plaster ossuary from
the Tok-Kala cemetery, Khorezm Region
(Grenet, 2002: 92).
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Abstract

The architecture of the Sassanid period gave shape to monuments dedicated
to different activities, such as royal ceremonies and rituals. Significant
works from this era include palaces, fire temples, and Anahita temples,
which often feature the sacred elements of water and fire. Although studies
have addressed architectural elements related to water and fire in Sassanid
fire and Anahita temples, less attention has been given to the spatial
organization of Sassanid ceremonial and ritual complexes in relation to
water. This research aims to analyze the architectural model of Sassanid
ritual and ceremonial spaces with a focus on water. Specifically, it seeks
to answer two important questions: Is there a consistent architectural
framework associated with water sources—such as sacred springs and
rivers—within Sassanid complexes? Additionally, have key components of
Sassanid architecture been influenced by water sources within the overall
spatial composition? To address these questions, the research employs a
historical-interpretive approach, combined with documentary and field
studies, to examine notable Sassanid ritual and ceremonial buildings. These
include fire temples, palaces, and hybrid structures (such as the Sassanid
complexes at Firouzabad and Takht-e Soleyman), as well as palaces,
cities, and associated reliefs. The interpretation of reliefs as readable
spaces is based on the concept of human experience through symbolic
elements in architecture. The arrangement of various building components
is then analyzed in relation to the organization of water resources. The
findings reveal that the complexes studied are situated near water sources,
with spatial and settlement organization structured around a central axis
focused on water. This centrality influences the orientation and placement
of key architectural elements, such as iwans, in relation to other important
elements such as domed halls, secondary iwans, and main portals. The
research presents details of recurring patterns that emphasize the role of
water as a central feature in Sassanid buildings, drawing from historical,
structural, and spatial analyses.

Keywords: Ritual and Ceremonial Spaces, Sassanid Collections, Sacred
Element of Water, Palaces and Cities, Bas-Reliefs.
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Introduction
Sassanids developed architectural complexes that, beyond accommodating
the king’s presence in governmental and ceremonial contexts, were deeply
connected to the sacred elements of water and fire, which were central to
Zoroastrian beliefs. Within these complexes, water not only symbolized
the ritual significance of the goddess Anahita but also served as a primary
organizing feature for surrounding spaces. This study explores various
Sassanid complexes, including palaces, fire temples, and cities with their
associated palaces, emphasizing the organizing role of water in these
structures. To guide this investigation, two main questions were posed:
How did water influence the spatial organization and layout of structures
(such as palaces, fire temples, and reliefs) and cities during the Sassanid
period? What architectural patterns in these spaces (palaces, fire temples,
and reliefs) reveal their classification as ritual and ceremonial structures,
and how do Sassanid cities align in relation to importance of water?
Method: This study employed a qualitative and inductive approach with
an interpretive-historical strategy. Information was primarily gathered from
library sources, complemented by field visits to relevant structures. During
these visits, data were collected through videos, photos, and sketches of
either intact buildings or their remnants. The research findings were based
on a comparative analysis of data from library research, archival studies,
and field observations.

Background

Noteworthy scholars have touched upon the significance of water in
Sassanid history. For instance, Naser Nowruzzadeh Chegini, Ahmad
Salehi Kakhki, and Hossamuddin Ahmadi highlighted the reliance of the
Firozabad plain’s social life on water flow, with the Sassanids strategically
constructing their buildings in this area based on this knowledge. Milad
Vandai studied the connection between Anahita and reliefs from that
period, concluding that sculpting reliefs alongside rivers or lakes aimed
to honor and worship the deity Anahita alongside Ahura Mazda. Hamed
Mohammadpour, Elham Androodi, and Mohammad Hasan Talebian noted
the Takht-Neshin building in Ardeshir Khoreh, designed as a continual
hearth and linked to a water basin, as a prime example showcasing a
typical pattern in the formation of ritual complexes during the Sassanid
era. Through its association with water and fire, Sassanid architecture
could serve as a site for venerating the goddess Anahita in a ceremonial
ritual complex by being adjacent to a water basin and fire pit. Foreign
researchers have also examined the role of water in the Sassanid era. Sofya
Montakhab focused on water management in irrigation policies during
that time, emphasizing structures related to water management and water
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rights while exploring the connection between water and the Zoroastrian
religion. Remy Boucharlat and colleagues extensively discussed Iran’s
ancient irrigation system, highlighting its emphasis on irrigation practices
over ritualistic functions.

Discussion

Within Sassanid ritual and ceremonial complexes, gardens that included
water were likely pivotal elements, yet the specific layout and design of
these gardens require more archaeological exploration. Generally, after the
garden, water features that symbolized the goddess Anahita were followed
by an intermediary space that directed towards the main structure. The
elevation then ascended through steps and platforms, culminating in the
primary entrance (iwan) to the edifice. Finally, a fire altar or a domed,
cruciform space was positioned beyond the porch. This arrangement was
observed across the selected study sites:

City of Gur: At the heart of Gur, a complex featuring a throne hall and
a cruciform hall with a quadrangular layout, alongside a man-made water
pond, was constructed to support water and fire rituals. Two additional
water basins were located on the eastern side. Remnants of these structures
are still identifiable, with a staircase leading from the water feature to the
cruciform building entrance. Additionally, large gardens extended from the
city center along radial axes up to 5.7 km beyond the city walls.

Firouzabad Complex: This Sassanid complex was positioned within a
garden of willow and plane trees. A pond on the northeast side preceded the
stairs leading to an iwan at the building’s entrance. Behind the iwan stood a
square building crowned by a dome supported by four columns.

Bishapur: The layout of Bishapur diverged slightly, incorporating water
within two areas of the complex. A temple dedicated to Anahita featured
water within its design, and a spring on the eastern side flowed between the
ccropolis fortress and the cruciform palace, feeding a large pool. Uniquely,
Bishapur’s mosaic iwan was aligned parallel to the cruciform building
rather than serving as its entrance. The courtyards and royal enclosure
occupied the central garden area.

Takht-e Soleyman: A lake, positioned to the south, was historically
around four meters lower than its current level, with sacred structures
built directly in front of it. The fire temple’s axis passed through the lake’s
center, with the main porch facing the lake and the fire altar beyond it. The
garden surrounded both the lake and fire temple.

Khosrow Palace: On the eastern side of this complex, a pool preceded
the entrance gate and a domed space in front of the building. The entire
structure was situated within an expansive garden.

Spatial Pattern of the Taq-e Bostan Bas-Relief: Tag-¢ Bostan consists
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of a single arched recess bas-relief with a pond situated in front of it. While
this arrangement may not form a traditional enclosed architectural space,
some architectural experts argue that spatial experience is not always
defined by walls alone. Here, the Bostan arch, its recess, symbolic relief
motifs, and the pond combine to form a striking ritual space. This spatial
arrangement aligns closely with other Sassanid complexes, where the
water garden—symbolizing Anahita—Ileads through an intermediate space
and ascends to the primary area, where the bas-relief is carved.

Conclusion

Orientation: Water significantly influenced the orientation of Sassanid
ritual complexes. In each case, the main entrance (iwan) faces northeast,
east, or south, which is notable since Zoroastrian texts like Vandidad
highlight these directions as respected and auspicious.

Axis and Hierarchy: Water also established a central axis and hierarchy,
shaping the spatial organization of the complex’s main elements—such
as the garden, water features (spring, river, or pond), porch, and fire altar.
These features align along this axis, creating a coherent spatial flow.

Elevation and Visual Dominance: The elevation of palaces, fire temples,
and reliefs above the water level not only provides a commanding view
but also integrates the water landscape prominently within the overall
environment.

In conclusion, water serves not only as a ritual symbol of Anahita in
these complexes but also as a defining axis that organizes the entire space.
This water-centered design underscores the vision of Sassanid architects
and urban planners in structuring complexes around the sacred element
of water, creating landscapes that are water-dominant in both form and
symbolism.
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Fig. 1: Panoramic image of the Sassanid
complex of Firuzabad and the pond in front
of it, above (source: the first Author). The
position of the throne and the minaret of the
city of Gur and the fountain pit in front of it,
below (source: the first Author, 2024).
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Fig. 2: The pool located in the east of the
cruciform building (Ghirshman, 2000: 48).
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Table 2. Adjacency of Sassanid reliefs and
water (Authors, 2023).
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Table 2: Investigation of Sassanid complexes
based on the water related characteristics

(Authors, 2023).
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Table 3: Analysis of the orientation and spatial hierarchy in Sassanid ritual and ceremonial complexes (description on the maps by:
Authors, 2023).
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Abstract

In this article, an effort is made to identify the actual functions of copal
and to establish its approximate chronology while addressing the range of
proposed functional interpretations. In addition, the spatial distribution of
this cultural material within the study area and its corresponding distribution
map are presented. The geographical scope of this research includes
the historical sites of Dilam and Ganaveh counties in western Bushehr
Province, as well as the more eastern localities of the province, such as
the historical port of Najiram, the Bardo site (Bardestan), and the recently
identified Konari fire temple (Kaki) in Deir city. The present study is based
on library research and systematic archaeological investigations conducted
along the northern shores of the Persian Gulf in Bushehr Province. As
a result of this research, in addition to introducing the various types of
copal and their distribution, examples dating from the Sassanid through
the Islamic periods are examined, and their practical functions, including
use as platform (bench) foundations around fire temples, local fire pits,
and architectural elements, are discussed. The principal research questions
concern the distribution range, production location, typological variation,
function, and chronology of copal. Based on the research hypotheses, both
the distribution area and production location of copal are situated along the
shores of the Persian Gulf. Copal exhibits considerable variation in form
and dimensions, indicating a diversity of functional applications. Among
the documented uses of copal are its role as a decorative architectural
element, as the base of domestic or local fire pits, and as the foundation
of platforms (benches) surrounding fire pits within fire temples. From a
chronological perspective, copal dates to the Sassanid period and the early
centuries following Islam, with continued use extending into the middle
Islamic periods.

Keywords: Persian Gulf, Copal, Sasanian Period, Islamic Period.
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Introduction
Throughout history the Persian Gulf has functioned as the trade artery
connecting East and West and as a focal point for cultural and commercial
exchange in antiquity. The northern shores of the Persian Gulf provided
favorable conditions for the establishment and prosperity of historic
ports because of their distinctive natural features and coastal setting.
Archaeological survey along these northern shores has identified sites
spanning prehistoric, historical, and Islamic periods. Among recovered
cultural materials, a distinct clay and stone object conventionally termed
‘copal’ demands attention. Although numerous copal examples have
been recorded at northern Persian Gulf sites, no thorough and systematic
study has yet been undertaken. The present research aims to establish
the chronology of copal while examining its spatial distribution and
morphological diversity and proposing refined functional interpretations.
This study combines library research with targeted archaeological surveys
and identification. First, data from published archaeological reports and
other sources were collated. Then, findings from the author’s archaeological
investigations along the northern Persian Gulf coasts in Bushehr Province
— including western localities (Dilam and Ganaveh) and eastern localities
(Deir) — carried out over the past two decades were assessed. Particular
attention was given to contextual associations, stratigraphic occurrence,
and evidence indicative of local manufacture or in-situ use. The study also
evaluates associated ceramic assemblages and stratigraphic indicators to
support chronological assignments and functional interpretations.
Research questions: 1- What is the distribution range of copal and
where was it produced? 2- What typological classes of copal exist and what
were their functions? 3- To which historical period(s) does copal belong?
Research assumptions: 1- Copal is restricted to the northern shores of
the Persian Gulf and pertains to this archaeological region. 2- Copal dates
to the Sassanid period but continued to be used architecturally from the
early Islamic centuries. 3- Copal exhibits substantial variation in material
and form, indicating diversity in production and use. and regional evidence

also.

Discussion

The results of the conducted studies indicate that the highest concentration
of copal is located in the western parts of Bushehr Province, particularly
in the cities of Dilam and Ganaveh, followed by the more eastern areas of

the province, including the historical ports of Najiram, Berdo, Siraf, and
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nearby offshore zones. During the archaeological survey and identification
programme carried out in Ganaveh in the summer of 2013, a total of 37
sites containing remains of terracotta copals were documented. Among
the sites yielding copal, one site contained prehistoric, historical, and
Islamic materials, seven sites were attributed to the Sassanid period, and
twenty-nine sites produced cultural materials dating to the onset of Islam
or the early centuries following Islam. Copals recovered from seven sites
associated with the Sassanid period and the early Islamic centuries were
recorded either intact or thermally deformed, a condition suggesting local
production of this cultural material at these locations. With regard to
chronology, based on the analysis of pottery collected from the surface of
these sites, the examined copals can be attributed to the Sassanid period
through the early centuries after Islam. On copals from eighteen locations,
traces and residues of plaster and sediment were observed, indicating the
probable use of these objects as architectural elements.

In the archaeological survey of Dilam conducted in the winter of 2013,
remains of complete or fragmented copals were identified at thirty-two
ancient sites. Among these, six sites date to the Sassanid period, seventeen
sites to the early Islamic centuries, and eight sites to the middle Islamic
period. At the historic port of Najiram, situated ten kilometres west of
Deir port, two terracotta copal specimens were identified that differ from
the Ganaveh and Dilam examples in terms of size and morphological
characteristics.

In illicit excavations at an area known as Chartaghi Castle, located
four kilometers southeast of Kaki city and eleven kilometers northwest of
Konari village in the Bardkhon district of Deir city, two terracotta copals
are visible as platform foundations within the disturbed archaeological
deposits. The paired copals, positioned one meter apart from one another,
measure 56 cm in length, with two bands 44 cm long and 8 cm high at the
upper end and 40 cm long and 8 cm wide at the base.

Conclusion

The analysis of copals recovered from the ports of Ganaveh and Dilam
demonstrates that these objects date from the Sassanid period to the
middle centuries following Islam (ninth century AH). Furthermore, the
identification of copal remains deformed by intense furnace heat in nine
locations suggests the local production of these copals along the northern
coasts of the Persian Gulf. Among the recorded examples, more than

twenty copals preserve traces of plaster and sediment, indicating their



/

. M :. :‘ :.
Tofighian; Copal and Its Applications along the Northern Shores... ﬁg&dt ‘,/'
e . .‘0

probable use as architectural elements. Copal remains were documented
and examined at three key sites in Deir city. A substantial number of
stone copals were identified at the ancient site of Bardistan. Based on the
recognition of comparable examples within the Konari fire temple, it is
possible to propose the use of copals as platform or bench foundations
within fire temple architecture in the Persian Gulf region. In the historic
port of Najiram, two terracotta copal specimens were recorded that differ
from the Ganaveh and Dilam examples and were likely employed as
architectural elements. In the central area of the fire temple, the remains
of a platform (bench) constructed around the fire pit are visible. This
platform consists of two supports and a single slab placed upon them. The
foundations of this platform comprise two terracotta copals positioned
beneath the stone slab. A copal specimen identified at Tell Sabz, Bandar
Deir, differs in form from other examples. This copal is fashioned from
black stone, fully polished, with a smooth basal surface and a plate-like
upper surface bearing a short rim. A pronounced ridge is present on the
body of the copal, and the two bands above and below it are executed with
exceptional precision and quality.
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Fig. 1: Map of the distribution of Kopal on
the eastern and western coasts of Bushehr
province, northern coasts of Persian Gulf
(Google Earth, 2024).
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Fig. 2: Two specimens of Kopal discovered
from Tell Salem Kashteh, Genaveh County,
Central District (Author, 2014).
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Fig. 3: Three deformed Kopals discovered

from Tel Gargi, Genaveh County, Central

District (Author, 2014). These deformed

Kopals indicate the existence of a copal
production furnace in this area.

AdgiiSio B doydd JLgS dus Yl :F yigads
G5Sye g 0gLS Gl (5395 I

€YY 005, K)
Fig. 4: Four deformed Kopals discovered
from Tel Gori, Genaveh County, Central
District (Author, 2014).
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Fig. 5: Kupals of the Shahr-e Viraneh,
Daylam city, Imam Hassan district (Author,

2014).
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Fig. 6: Row of Kopals between layers of
architecture, ruined city area, Daylam
(Khalifezadeh,  2004).
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Fig. 7: The Hoore-espel Kopals, Daylam
County, Imam Hassan District (Author,
2014).
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Fig. 8: Kopals of Qala-e-Khedri, Daylam city,
Imam Hassan district (Author, 2014).
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Fig. 19: Kopals of Qala-e-Khedri, Daylam
city, Imam Hassan district (Author, 2014).



IFof (23550 8y93 F5 Byla—it

o U5 9 (93) Olawdy? 0 (B0 53Uy Sl JgS ddlhae (&
(g2 b (B Jo1gu) 23
ol JLsS dde 93 500 )i @ (5ytagliS Ve p3a8lg oy (S0l ya 5
@S g Rl yad e BLWO/A Cons b leiS) g Blo plais aS b e
a1y cdls yo eolsdl a (ol ol sui slogl Clas Els ISaas ol
sro Blw¥ J8las 4 JLgS SuL doas g5y w03, Sulas slsul JLsS
Siis soils (St duw 058 o0 Juate JLigS S ds ais car L g 310 ylad
L aslaails ool )3 0525 (il YL 5l ety elileS Sy ds g
s 51 JLosS k> )5 (2555 dui o Sl ygue oty Slis Lt
8oL b 0 0325 (63955 0l Byrad 5 sl A gy 5 by (§3950 Sy
el a3 S ey g cs b o ol e85 el Same @3 bl
Jsbe Lol o 109 L;’x.'a.w ey )0 O L;’Lwl.wu J.deu e U"‘ J)Slo.c
(W j ) il (g)lome yd (555 yuate Wlg o wbid 5 05LS sladiges
s iz 31 s digas wislon (65500 JsS prazs (Sl yuo 50
Lyl o luds hld JLsS ol .l (1L dnliio Jo18 )8 4 Las 51 g ol
u.<§.m.'.>).3 dow ,_ji_adu S99 Gl 040 u_:_aL» :LJ &_”, ‘_gl)‘.) u‘9_'> &l)_ﬁ- Al
JLsS ol Sy 258 g0 032 (S g0y pT0lisS (S yy a9 ;555

0 s

OUmipls i s SLOJLSS Vo yrgua
C.OYAY 0.5)K) s plol ey (ol
Fig. 10: Kopals of Siniz city, Daylam county,
Imam Hassan district (Author, 2014).
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Fig. 11: The first example of a pottery Kupal

discovered in the historical port of Najirom
(Author, 2014).
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Fig. 12: The second pottery Kupal discovered
in the historical port of Najirom (Author,
2014).
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Fig. 13: A specimen of stone Kupal discovered

from the area of the historic port of Bordu,
Bardastan (Author, 2021).
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Fig. 14: The great variety of stone and clay
cupolas in terms of form and dimensions
collected by the inhabitants of the historic
port of Bardo (Bardastan), (Author, 2021).
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Fig. 15: Kopal stone made of chloride stone,

discovered from Tell Sabz, Bandar Deir, with
a proposed use as a fire pit base (Author,
2021).
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Fig. 16: The platforms surrounding the
hearth consist of monolithic stone slabs on
three sides with clay Kopal bases (west side)
and the fourth side (north side) is a short
wall. (The circular part in the middle of the
image is the stone foundation where one of
the copals supporting the platform around
the hearth is located (Author, 2021).
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Abstract
In this study, the focus is on the luster tiles from the Shah Yalman Shrine
in Kashan. In the autumn of 2015, a fire broke out inside the shrine, after
which the tiles under study were largely damaged. For their protection,
these tiles were transferred to the Cultural Heritage Department of Kashan
and later in 2015 moved to the National Museum of Bagh-e Fin, Kashan.
To date, no information about these tiles has been published, nor have
they been exhibited. Because of their high cultural and material value, we
examined them with respect to decoration and the techniques employed.
Since the tiles bear no maker’s signature, we compared them with signed
works of similar style and technique. This research addresses the following
questions: 1) Do the recovered luster tiles belong originally to this building,
or were they brought here from elsewhere? 2) From a stylistic perspective,
to which workshop, family, or master can the luster tiles be attributed? The
authors examined the shrine tiles using a descriptive-comparative method.
Eleven tiles were studied in total; each was documented in detail, including
photography and pattern drawings, and relevant archival information was
gathered in a specialized library. In appearance, the tiles closely resemble
those from other sacred sites, including tiles associated with the shrine
of Imam Reza. The findings indicate that the tiles most likely did not
originally belong to the Shah Yalman Shrine and appear to have had a
use other than as tombstones before subsequently being installed in that
function within this building. The study further suggests that the luster tiles
examined share the same designer or group of designers as works found in
other buildings. The research also comprehensively documents the tiles’
conservation history and reviews archival records that inform contextual
interpretation and provenance assessment.
Keywords: Kashan, Shah Yalman, Shrine, Luster Tile, Decorations,
Ilkhanid.
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Introduction

Numerous religious buildings, including mosques, madrasas, shrines, and
tombs, were constructed in Kashan from the Ilkhanid period through to
the Qajar era. The tomb of Shah Yalman, located in the Kashan Bazaar,
is one such structure. Following a fire that occurred at this shrine in
2015, a number of tiles were discovered. After their recovery, these tiles
were transferred to the Kashan Cultural Heritage Organisation. In 2016,
the second author cleaned the smoke residue caused by the fire from the
surface of several samples, after which the tiles were moved to the National
Museum of Kashan, located in Bagh-e Fin. During this time, the tiles were
stored in the museum repository and remained unstudied. A total of 17
luster tiles were recovered from this building. These tiles are square and
rectangular in shape; however, the present study focuses exclusively on the
eleven square examples. Several of the square luster tiles are damaged, and
one is completely fragmented. This particular tile differs from the others
in terms of decorative composition. The studied tiles lack the maker’s
signature, and the inscriptions are incomplete, with verses that are only
partially preserved. As a result, the available evidence provides limited
information regarding their precise attribution and production context.
The primary aim of this research is to introduce the luster tiles from the
Shah Yalman tomb and to examine their decorative motifs and epigraphic
content. The tiles are analysed with regard to their technical characteristics
and ornamental features and are compared with similar examples from
other sites in order to identify stylistic parallels. In addition, the study seeks
to address two main questions: 1) to which stylistic family do the studied
luster tiles belong, and 2) whether these tiles were originally produced for
this building or were transferred there from another context. Given the
nature of the material, a descriptive—comparative method has been adopted.
All tiles have been fully documented through photography and graphic
recording, and relevant published sources, including articles and books,
have been consulted. The results of this study suggest that the tiles were
likely produced by a designer or workshop comparable to those associated
with the Abu Taher family, known from signed lusterware examples.
Furthermore, based on the number of tiles and the thematic content of the
inscriptions, it appears that these luster tiles originally served a function
other than tombstones. It is therefore plausible that they were first installed
in another architectural setting and were later reused as tomb markers for
reasons that remain unknown.
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Identified Traces

By comparing the luster tiles from the Shah Yalman shrine with other
luster tiles associated with shrines and tombstones, it becomes evident
that the Shah Yalman examples differ from typical tombstone tiles in
both dimensions and decorative programme. A further distinction can be
observed in the type of script and the content of the inscriptions. Tombstone
tiles are generally executed in Naskh script and commonly include verses
related to the Day of Judgment, as well as themes of Heaven and Hell.
In contrast, luster tiles used in mihrabs and on architectural walls often
feature different scripts and inscriptions focusing on moral conduct,
encouragement of good deeds, avoidance of wrongdoing, and calls to
prayer. The number and arrangement of the studied tiles also support
this distinction. The assemblage consists of eleven tiles, which together
would complete a total of forty-seven verses. This number is considerably
greater than what is typically observed in mihrabs. Mihrab compositions
usually include no more than three verses, whereas the Shah Yalman tiles
preserve seven distinct verses. On this basis, it is highly unlikely that the
tiles originally belonged to a mihrab. Instead, they were most probably
produced as wall tiles and were later installed on the grave. If the studied
tiles are interpreted as wall tiles, it can be concluded that the shrine of
Shah Yalman itself lacked sufficient architectural space to accommodate
such an extensive tile programme. This strongly suggests that the tiles were
transferred from another location where they originally functioned as wall
decorations. In order to protect them from theft or damage, the tiles were
subsequently concealed beneath a layer of plaster. According to available
evidence, they were later removed and stored under supervision, placed
inside a wooden box and guarded. Comparable practices can be observed
elsewhere. As illustrated in the available photographic documentation, wall
tiles at the Dar al-Hafez complex of the Imam Reza Shrine in Mashhad
were originally installed around the entrance doorway. At a later stage,
these tiles were removed from their original position and relocated to
higher sections of the entrance in order to ensure greater protection. This
parallel supports the interpretation that the Shah Yalman tiles underwent a

similar process of relocation and reuse.

Conclusion

In response to the first research question concerning the authenticity and
original context of the studied tiles, the available evidence suggests that the
luster tiles did not originally belong to the Shah Yalman tomb. The number
of'tiles, the thematic content of the inscriptions, and the overall shape of the
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tiles are inconsistent with those typically used for tombstones. Moreover,
due to the limited wall space within the shrine, the tiles could not have
functioned as wall decorations in their present location. Tombstone tiles
generally employ a single script type, most commonly Naskh, whereas
wall tiles and mihrabs characteristically display a greater variety of scripts.
In the studied assemblage, three distinct types of writing are observed,
further supporting the conclusion that these tiles were not intended for
funerary use.

With regard to the second research question, a comparative analysis
with the luster tiles from the mihrab of the Imam Reza Shrine and the
Mir Emad Mosque reveals a high degree of stylistic similarity. These
similarities suggest the involvement of a common designer or workshop.
The diversity of decorative motifs observed in the studied tiles closely
parallels those used in the Imam Reza mihrab. In both cases, comparable
ornamental elements appear in the central fields and marginal zones, and
the inscriptions are executed with elongated letterforms, accompanied by
Kufic script in the lower margins. These stylistic features are commonly
attributed to the Abu Taher workshop. It is therefore plausible that the
same designer was responsible for all of these works, and that they were
produced within a similar chronological framework, most likely around
594 AH.
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conflagration (Soleymani, 2001).
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Fig. 8: Placement of the shrine tiles and two
similar tiles in Surah Al-Imran (Authors,
2023).
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installation of irregular tiles on it (Javeri,
2016).
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Razavi Archive).
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Abstract

Luster tiles, as one of the most beautiful types of tiles in terms of production
technique, design, and form, have always been a focal point in Islamic
art. One of the places where these types of tiles have been found is the
mausoleum of Imamzadeh Aziz in the village of Dinejerd in Tafresh County,
Markazi Province. Based on architectural characteristics, the foundation of
the structure was constructed in the Ilkhanid period, but during the Islamic
periods -especially in the Safavid era- significant restoration was carried
out. Thus, the current building belongs to the Safavid period according
to its architectural features, the wooden box, and the stucco mihrab, but
the tilework of its casket is attributed to the Ilkhanid period. The aim of
this research is to introduce the mausoleum of Imamzadeh Aziz and to
examine the artistic features of the stucco and tilework decorations of the
mausoleum’s casket, as well as to investigate whether luster tiles were used
as secondary elements in the casket. In this context, both the stucco mihrab
and the tiles mentioned above will undergo examination, with a focus on
analyzing the inscriptions found on each. There are two main questions
in this study: 1. Considering the dating of the structure and some of its
decorations to the Safavid era, what is the connection between Ilkhanid
luster tiles and the casket? 2. What artistic features and characteristics
do the tiles of the casket reveal? The hypothesis is that the luster tiles
were secondarily used in the structure and demonstrate new features of
the period of application, as well as variation in calligraphy and motifs.
The method of this research is descriptive—analytical, and the data were
collected through library studies and field surveys. Based on the conducted
studies, there is a possibility that these tiles were brought from another
building and then reused in the structure, and, in terms of the period of use
and diversity in calligraphy, they provide new information about the dating
of these types of decorations.

Keywords: Dingjerd Village, Imamzadeh Aziz, Luster Tile, Ilkhanid
Period, Safavid Period.
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Introduction

Luster tiles were first discovered during excavations in Iraq and have
been widely used as decorative elements in architecture. They are readily
distinguishable from other types of architectural decoration because of
the specialized technology used in their manufacture. From the 6th to
the 8th century AH, luster tiles became a common decorative feature in
religious and governmental buildings throughout Iran. Their prominent use
in Shia contexts, particularly in mausoleums and shrines such as Hazrat
Masoumeh and Imam Reza, and sites including Imamzadeh Ali ibn Jafar in
Qom, Imamzadeh Fazl ibn Sahl in Aveh, Masjid Ali in Qahrod, Imamzadeh
Habib ibn Musa in Kashan, Imamzadeh Yahya in Varamin, and Imamzadeh
Jafar in Damghan is especially notable. The Imamzadeh Aziz mausoleum
in the village of Dinejerd (Tafresh County) is an important Safavid-period
monument that preserves fine examples of luster tilework on the exterior of
its casket. These tiles -both complete and fragmentary- occur alongside a
Safavid-period mihrab facade and simple turquoise cross-shaped tiles that
ornament the casket body. The irregular placement of these tiles suggests
a deliberate effort by those who incorporated them onto the tomb box to
highlight their aesthetic and visual appeal, thereby emphasizing the sanctity
of the final resting place of one of the descendants of Imam Jafar al-Sadiq.
Historical sources indicate that Tafresh County had a Shia population in the
8th century AH, as recorded by the historian and geographer Hamdallah
Mustawfi; this supports our hypothesis regarding the presence of luster
tiles in Shia mausoleums.

Two questions guide this study: were these tiles originally part of the
monument or were they relocated from somewhere else and reused as
secondary elements; and what do the tiles and fragments reveal in terms
of design, motifs, inscriptions, and chronological attribution? Our working
hypothesis is that many of the tile pieces were brought from other locations
and repurposed on the tomb box. The research adopts a descriptive—
analytical method based on field survey and library research. Tiles were
recovered, cleaned, and recorded during documentation of the wooden
tomb box and other elements of the Imamzadeh Aziz complex; inscriptions
on intact tiles and fragments were read, and motifs were compared with

luster tiles from other monuments and museum collections.

Discussion
Beneath the dome of the monument stands a wooden coffin (box) whose
inscriptions indicate it was made in the reign of Shah Tahmasb Safavi
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in 957 AH. According to the inscription, the wooden box was made by
Ostad Ali Kasvaei with the collaboration of Ostad Rostam and Hession
Kasvaein for the shrine of Imamzadeh Aziz. Within this wooden case
rests a rectangular cuboid tomb whose upper facade is decorated with
carved stucco panels filled with red-colored stucco, forming a mihrab-like
composition with red floral motifs. This stucco decoration belongs to the
early Safavid period and based on current evidence, does not appear in the
middle or late Safavid phases. Both the long and short sides of the casket
are ornamented with whole tiles, half tiles, and fragments executed in
the luster technique; among these are cross-shaped turquoise tiles similar
to those embedded among luster tiles at other monuments. Two square
(quadrangular) tiles appear on the margin of the stucco design, together
with a piece of moulded turquoise tile. Traces of turquoise cross-tiles and
star luster tiles on the casket walls clearly indicate the original order of their
arrangement. One tile fragment recovered from the burial box bears a date
of 757 AH, which suggests continued production or use of star (eight-point)
luster tiles, despite the observation by scholars such as Watson and Mason
that production of star luster tiles had ceased by 714-740 AH. Analysis
of the tile decoration shows a mixture of faunal, floral and geometric
motifs. Although the context is religious, animal motifs predominate, and
inscriptions are mostly Persian romantic poetry, with only one inscription
in Arabic. The calligraphic execution is diverse: we identified nearly ten
distinct styles of script among the tiles and fragments. Comparative study
allows us to date many of these tiles to the 7th—8th centuries AH. In total,
the tomb box contained four complete luster tiles, sixteen halves, eighteen
quarters, and thirty-eight small fragments of luster tiles, in addition to the
turquoise cross tiles and pieces of plain blue and turquoise tiles.

Conclusion

The Imamzadeh Aziz monument in Dinejerd (Tafresh County) preserves
luster tiles that are consistent with those found in other Shiite architectural
contexts; the assemblage includes star-shaped and square luster tiles
alongside turquoise cross tiles. The tile motifs are mainly animal figures
(leopard, lion, fox, rabbit, deer, birds, etc.) often associated with Persian
inscriptions. Architectural features of the monument, the inscriptions
on the wooden box, and the stucco decoration of the casket indicate
that the present structure largely reflects Safavid-period restoration.
However, the tiles themselves are attributable to the Ilkhanid period
based on a dated fragment and comparative analysis; this suggests that
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the building underwent restoration during the Safavid era and incorporated
earlier tilework. Although the tiles display a variety of themes, styles
and inscriptions and were applied irregularly on the casket walls, their
arrangement and characteristics point to secondary reuse within this
structure. The techniques, forms, and diversity of Ilkhanid motifs are
significant because they demonstrate the continuity and quality of luster-
tile production into the latter half of the 8th century AH, a period marked
by political and social upheaval. Finally, the Safavid-era restoration and
reuse of these tiles testify both to the sanctity attributed to the burial and to
Safavid appreciation of the aesthetic value of Ilkhanid tilework, as reflected
in their deliberate application on the casket.
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Fig. 1: General view of Imamzadeh Aziz
monument (right) and the technic of creating
the first dome by the combination of squinch
and Karbandi (left) (Authors, 2023).
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monument (right) the drawing from one side
of the wooden box (Authors, 2022).
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Fig. 3: Inscription related to the endowment,
Owner of burial and construction time of the
wooden box (Authors, 2022).
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Fig. 4: General view of Imamzadeh Aziz
burial box (Authors, 2022).
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Fig. 5: Drawing of burial box surface with
stucco mosaics (Authors, 2023).
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Fig. 6 & 7: General view of burial box

longitudinal walls (Authors, 2023).
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Figs. 8 & 9: Drawing from burial box walls
(Authors, 2023).
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Fig. 10: Piece of a tile dated Shaban 757 AH

(August 1356) (Authors, 2022).
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Fig. 11: Fragments of square tile used on the

margins of a stucco (Authors, 2022).



N\

Sl 15 ‘ s e alel
:{,ﬁ.{ = U’z 57 w2 03030kl U0 55 (Gl S )3 gy 1ol b g L il e
/

LS b 33 gind (S Axlad VY gl P>
) B15,55) Js0 29! (seS

Fig. 12: Fragments of square tile used on the

margins of a stucco (Authors, 2022).
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Fig. 13: Piece of a tile with red color motifs
and inscription (Authors, 2023).
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Tab. 1: Fragments of square tile used on the margins of a stucco (Authors, 2022).
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Abstract

Water resource management in arid and semi-arid regions has been a
paramount goal for humanity in shaping and sustaining urban and rural
communities. Qanats, in these regions, are among the most significant
systems for water supply and distribution. These underground systems
are typically identifiable only by their shafts, which appear as circular
depressions on the ground surface and in aerial and satellite imagery,
revealing the path of the qanat. To save time, automated methods can be
employed to identify these shafts and the qanat network, often involving
neural networks and machine learning techniques. This paper provides
empirical evidence for the application of deep learning techniques to
automatically extract archaeological information from historical aerial
images. The specific goal of this research is to accurately detect qanats in
the historical landscape of the city of Zuzan using convolutional neural
networks and the YOLO object detection algorithm, with aerial images
from the 1940s and 1970s serving as input data. This study, employing a
computational analysis of neural networks, aims to identify qanats in Zuzan
to investigate the city’s formation and answer the following questions: 1)
What is the process and accuracy of the convolutional network with the
YOLO algorithm in detecting qanats in aerial images? 2) How have the
ganats of the Zuzan plain, as the sole source of water supply and distribution,
influenced the formation of the city of Zuzan. The proposed model was
trained with 80% of the data for training and 20% for validation, with
200 epochs and a learning rate of 0.01. The results obtained from training
the convolutional network with aerial images from the 1940s and 1970s
and the YOLOVS algorithm demonstrate the effectiveness of aerial data in
deep learning for the automatic extraction and identification of four qanats
leading to the city of Zuzan in different directions simultaneously, with an
accuracy of 94%. In this region, these qanats were the primary factor in the
formation and survival of the city of Zuzan during historical and Islamic
periods, and they continue to operate today.

Keywords: Zuzan City, Qanat, Convolutional Neural Network (CNN),
YOLO.
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Introduction

Artificial intelligence has garnered increased attention in various scientific
fields in recent years. Specifically, for archaeologists, Al enables them
to access a vast array of archaeological data, thereby aiding in informed
decision-making regarding field activities such as excavation, survey,
and conservation. The identification of targets (objects) in satellite and
aerial imagery using image processing techniques is a primary goal in the
development of computer systems. In computational archaeology, machine
learning-based methods for the automatic detection of archaeological
evidence on remote sensing data have been a consistent focus in recent
years. Image processing using machine learning has become one of the
most widely used applications for archaeologists in recent years. One
archaeological feature that has received significant attention is the ganat.
This paper investigates the role of CNN? with the YOLO? algorithm in
identifying archaeological evidence, such as qanat channels, in the
historical city of Zuzan. YOLO is a type of algorithm used to detect and
classify objects within images and videos. This algorithm is renowned
for its speed in object detection, making it particularly valuable in field
archaeology where time is of the essence. The objective of this study is to
identify ganat channels within the city of Zuzan by creating a database of
historical aerial images, all of which feature qanat channels. Following this
identification, the study will delve into the influence of these ganats on the
formation of Zuzan city.

Research questions and Hypotheses: 1. How precise is the
convolutional neural network employing the YOLO algorithm in
identifying qanats and digitally extracting them from aerial imagery? 2.
What role have the ganats of the Zuzan Plain, as the sole source and system
of water distribution, played in the development of the city of Zuzan? By
creating a database of ganats in old aerial images and implementing the
YOLO version § algorithm in a convolutional neural network, the accuracy
of detecting archaeological evidence will undoubtedly increase. Moreover,
as the sole source of water distribution in a dry region lacking surface
water, ganats were the primary factor in the formation of settlements in the

Zuzan plain, including the city of Zuzan, during the Islamic period.

Identified Traces
Aerial images from the 40s and 70s with dimensions of 5315x5377 pixels
were selected and homogenized. This was necessary to ensure consistent

input dimensions for the convolutional neural network. For instance, all

\Archaeological Research of Iran




N\

ﬁg&'ﬁdﬁg Vol. 15, No. 46, 2025

Archaeological Research of Iran/

selected images from the National Cartographic Center were originally
53775315 pixels, but they were all downscaled to 800x800 pixels for
standardization. If images were selected at their original pixel resolution,
the image size would become excessively large, significantly increasing the
algorithm’s execution time and rendering it computationally impractical.
The archaeological evidence in these 800-pixel images remains unaltered.
At this stage, the images were not cropped; instead, the Snagit software
was used to preserve the original image quality.

The selected historical aerial images were labeled in the YOLO Label
environment. The data was divided into training and testing sets. 80% of
the data (57 images) was used for training, and 20% (15 images) was used
for testing. In both the training and testing sets, no images of Zuzan were
labeled. In this study, the features of interest were solely the shafts and
channels of qanats, which were classified into a single class in the YOLO
LABEL environment. 72 aerial images from various regions of Greater
Khorasan, each with a resolution of 800x800 pixels, were trained on the
YOLOVS5 model with 200 epochs and a learning rate of 0.01 using Python
3.9. The optimal values for the number of epochs and the learning rate
were determined experimentally based on the convergence of the error
curve The Ultralytics library, built on PyTorch, was employed for this
research. The processing system used was a CPU with five cores and 12GB
of RAM on Google Colab. Data augmentation was also utilized to increase
the training dataset.

Conclusion

Experimental results and metrics obtained from an 80% training set and
20% test set, with 200 epochs and a learning rate of 0.01 in a convolutional
neural network, indicate a 94% accuracy in detecting qanats surrounding the
city of Zuzan, the sole source of water for the city. Given the form of Zuzan
city (despite leveling and intermingling of deposits) and its geographical
location, it can be asserted that factors such as the sustainability of water
resources have contributed to urban life and agricultural activities until
now. The creation of a central axis in shaping the city, the formation of
open spaces within the city, and most importantly, the lack of surface
water are the main impacts of the identified qanats on the formation and
transformations of Zuzan city during the Islamic period. In a study of Zuzan
city, adopting a novel approach in the field of automated archaeology and
neural networks, four ganat channels were identified. With the help of

information obtained from local people, these qanats are named Zuzan,
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Qasem Abad, Khargardak, and Chub Deraz, which have been considered
as the city’s water sources during different periods.
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Fig. 3: Samples of old aerial photos that were
labeled as train data (Authors, 2024).
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Fig. 5: Training data including shafts and
ganat strings were selected from the eastern
and central plateau regions, then labeled
and trained in the yolo label software. The
number zero in the image represents the
shafts and qanat strings (Authors, 2024).
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Tab. 1: Different criterion values from each
epoch of the yolo algorithm (Authors, 2024).
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Fig. 10: Identification of 4 qanats entering the
city of Zuzan (Authors, 2024).

w3595 R (638 SIS 53 ) il g s lulis 1oy Ko 4 ab)&)Si

lbaries yde gadoplian g gl 0925k S o B oolituly)ge
38 b el 0,5 (plulisr ]y olie 551 ol sod 3485 h5boas gy ot
SelBas) 395 5 ol 438 )1)5 b 550 )3 Loyis 45 dyde doxame 5 S|
Laelid ygloe 53 5 5L slaliad ol ctloeledl olys oo cppis ds Sdxio
sl s slsg

Ao oyl 5o O ajsi g ol gy Lais o 50l (sLavoyga 55 Lala
ol A i yg Blo s Lol L;Lbeli;:.’,jfuu 9 Cawl 009y wlid  Sblo 9 Sis
Jolss Jdoas (s 5 ol 488 ISt LB by 1o g 0,555 «Sogls
9 u.‘:lﬁ ‘\)l_,bf'd._lo&} ‘Lg)Lx’S L;L:bcl)bLJ:: 999 sdlazsl 9 wul.w: i
OloSso (219 ym9bial oy b Bdns) dagi g ) 4o (el glygo o wlpa
2SS sl yo ien Lakad 5 pes dnsi g (5SSt o501 48 0 o
9 i 3ol 50 g9 Ll 1 gyl oy tel 039 59 s @l 8
S Bl g yolie (iSOl 195 dbgore ;o 4 (glatun wleb 5l g)bun
oy Bl (Jae )b 48 ol Kgi o ()Ll s (ol L sus
obp a8 s gblie ) (gped (2BSw sla)lis Lo oyl a8 el oLl
ol Jde LAY YV YL Jae) 0,Sedl a5 s 53 o Lo O xujsi o ool
(0995 e (§ykaghS S )0) olww 45 )3 (39 Csd (5003 )l gl sl y5Lo
5 ribuseslyeys (slatolesl olas sl (S8l 5 (tielsen olyg 4o bsye
(RF g lon) 48 o Ll ool iy _lie olellas

Jalodi g S
).Q‘_m Lﬁ_’jﬁ'm )_,9.\4:) dd o ‘u—“’)ﬁ*‘Jﬁ u_wuln)i aald vy U9_Lb.o E_,Lu )‘ Ry
5 sloil g (iygel saoold ay an gL s asd Sy lasys oLl (gl o595
4 639y wldariy) ez olwlis (lid adesjl (Wl SO Gyss i o

(Vo JSiv) dool oy 05 yoguad y3 it

qanat 0.17

qonot 0.24

Loty eyt 3] 5 e (52590 Laad glias 15 Slaal yasess 1y
Gl snlod g La Sy Wil oo e (5280b St gas .l pol> a5
a5k g ol O e 0oy 50 (> dpo sl ol il § 3580 Sl (e



VFof . p_ha,_:b 0,95 FF D)Lo_w @ /(u

00l Al S 51y a8 il il dls s _olwlis ds gngs b3
Ultralytics 5ol 31 asduaS d Sjob bt idgis (ol 53 .08 o o0lat !
o0, yidlaxel BB 5 5Ll 80l dois .l 0duis o5lisw] Pytorche 4oLy
ALy ¢ 3l Sl sl Lagias | bl 45 ol iz (slaodls bkt
b2 bl (o g le plas o o 5 a0 o a3 (Simpdlne (ol
00lail L o509 ¢ guos (55uS0b (ol s 0,08 . (Bickler, 2021) 5,5 Laas
olid gl lindos )3 (4255 LB cdy b (o) 2 laclB jl canid
(Li8) ol gl 30t a3l dnly s by cpal dmd o ai]l ]y aldlato )
Wi o S asliie e clmabgme g 595 0 45 Slalibelinls (lps
S S DR py EYCTRIRIC VO S FENEL PE SV PURPESCEINE SR
\))_g oalawl P9 u_:|)| u|9_"5a u_o‘)du o8 d_L)L.A)SJ\) )9 ] u‘)_a]
eladis; L, 800 g blio 1 4l o dnlllas oyl ;3 00 SLoesl wliis s,
Yo slaand 5l olsn yuglad 5l oolaw! L aaleds ol 0gd Jlasl dline Su,ls
(Al 00,8 yts (gypid 31l et Loy 38 b 10wl 1 San 4S) . o Vo g
gl 055 cyguoty Jiiigdgls nas s SaS ds up g (2Ll
Lacslid 8045 zlyseiwl jo oui sl Juo  blgs (Jlio loteds t055i oo
3190 50 oyt b d Lo AL S o dli ) waly s sl 3gm g Leasas
V0 gl ol 53) (2l rupal (3L Al )3 (pwlidilinl Salsd Sl
942575 Ol8el 9809y ol -l Al 5l (68 53 (95 rmslas oo 4o g
rhd ) ol oot sl etuns s lo |y e Ly @l s 51 Sl Judos
iypods sliBasy Lo b plool Juco 5l oolitl Ly dallas sl 53 .S o
sl 130 0 35550 9 (5SSt o La B ol s (Lol 055
Ao 090 3 romw (slaodls L b 0y Shgy ol pleol el ysogdle canals
S5ty |y panseis (Sla el aslys oo gy oSl b sloylgale joglas

Ao Sl Slwl (et sla e 5l 6,588 (g5Lwb g Ly

S doms
9 (baiad (S0 5 0A-b gl 99-25L) 09y R-D P8 4o 425 Lo
lgolie ol Gsapn (Holss cslopled) plss o (oldlyan coxdse
clacdld g opas ol ccel yols yae Uicawl olid o Lol Jole 45
slalad slogl s ob g i (BIpy8 50 Cyygmme Mool il o (g5l
356 odas 31— daw cla ol lacad— 1 5ae dead 3l g byl 51 5550
LSADLMJ‘ C)|)9‘> 3O (139 S uy5_>u 9 (_s)j‘ﬁM) 90 04 u_,l_wLu.u L;l_bul.d
ol bl 80> 53 55 (63,505 3L Lo 0 e dalllas 55 by o
SeoS dan i (lwlis oldacs) )l sluss ( was bS5 K045

tnu




N\

.a
C ok : . o
’/’g = U,t ", w85 3065 S IS o o il g el Ll 1y o g 513,831
”» . D.‘

/

9y slapbay Lacld ol s Jolb dihie Loy 3l 45 Sledlb)
colie 5l Cilisto claoygd (o o aS aiisb o 3ho g 9 3,855 bl wls
g o oo o
sas 88 by A d5eus YOLO w8l (gl o doess ol o
Lst(_u.:‘) ).) &9) O_"’| .CA_é) )lsd\_) .Jb._b\/o 9 ¥o i.b.) Ls_"’b.b Hjh&.}}‘ o las ! l_)
LSLQL;’L’))‘ .,\_wl;L;o Laoals )KJ9_> C‘)M| 9 u_,|9n> )_’9La.) ud_w‘;lu:u.)
ol sgba (@LB) (Sinyd slaosls | (S parsess jplaieds Jliagdpls
alols Sopte 5 (220 g2ls -l (j9) ymglat hen s (iolejl yglas ;o
30 oo\ bigel &y g Voo )y S5 Lo o minlojl 8015 7Ye g  —ibjgel (cLavosls ZAe ;]
s Bl bl clacslid asas ;o B 7AF Joli ( Jlesglgls uac 4
5 ateionl 55 (ST sla gl 3 23,5 0 dladtug aslal ) il e gy
e o oy o £35S ool gy (claodld 5l las o e Bd dgpy gl
GRS (o) pSawl b (s ol e oo sz gl 5l (6099 ymglias s 5o
S olas oo Laools olass 1olidl cags 10 i o €35 0 yiiion B (gl
38 ool 30y  obesls udgi (gl oo Wge &St GAN 12 b,

&)/l

5 oLl ¢ oleinl) cpe pysme olygl sl aS a sl o pi¥ 055 1 By
JLeS ccwl 009 allie glysme 5 pyd (50902 (Sliwly o 45355 clasleiing
wiplod sl S5 g poais

OB Ny C& i Joyd

155)91_&.0 9,90 Ewy u_,lm&,‘) 4o J9‘ éu\a_u.a)sé :\JLM:) )‘ CM o U—’I
9 ‘_J9| é.}..\_uusa k_wy u_llb.o LS)9‘Q)—§Q“’L”"| Cyaod ) ‘ol 039_3 P o EM}J
ol 03¢ Pgw § P9 u\fdu_“uy u)LE.) s u‘ uu)lﬁ_)

&8l Sl
515 e p3el ly pblis olias 295 calio (sl

et ¥4
51 i sl gy 5l (S0 aS 595 L cdluns s 9 (oluwlis) Lidar :lighting detection and ranging .\

(el 9 b (Sl 93
399 5y8) 5 iadydd _uac &t S (CNN) (-iglgilS  wac & :Convolutional neural network .Y

gy 84 poglas diile (cuad 93 slaosly 3lsis (gl 48 ol Buae (5800
(1S o0 055 4L 5 Lo L) You only look once . ¥



/
VPO o353 bygd F5 byl @ gg&d! :';2
\

4. Airborne Laser Scanning (ALS).
JhidglS wac & £45.0
6. Connecticut.
Jsy Jles 5o (sladlats .Y
.(),Ss)Epoch .A
(3Slas s daseine Hlages) (ROC) Receiver Operating Characteristic .4
10. True Positive Rate (TPR).
11. False Positives Rate (FPR).
(Generative Models) (satse slaJas GAN _uac ¢lbaSi :Generative Adversarial Network .\Y
S, o g 5&59@7 laosly aus uus laosls 48 s

Lwlols

el cop s B8 Bled VAR (eoSllae (gl -
.fl_} o P‘)Lwﬁ”a.w)

il u::o_a.")) .(\\NVQ) c‘_er.:.'?) c&t&du 9 fMM ‘(.SJ}—.’LSl.f‘L,’ -
'C)l)T" 1()‘)-?‘3 FUART) u_\kl\

5 1 Ble s Ly By Ny g gy L(OYAY) com il ¢ gLl s BASS; -
oybls

Anwgd 9 (S S 5o ol Lits 9 o8 Sy LY Ve) el sl S ¢ 6y Uj -
Ro=AV:(YA) Vo Sy 5500\ oyl yml (slo ol 68 4l

g el )_" Ler.w)Ln) COVAY) ¢ g o g 9 f(gIpe ch._\.o?uL;»Ua.Lw -
((u_ul.a 4o dore L;L’I_ws) HELIT =) :l_z.ma.o) U')—" LS)S).O :l.o.‘a.uo dl.&:bl.{.usg.w
IV =Y :\5’\‘) YV ‘\Zi_ws)\a_gu 9 M

OBl claddy 5 becsly 4o a5 (VYY) Gbps (Joe -
VRN eeanyS ol bl dpllans 5 55 00 (yel)Si 9 (o)
=https://journal.richt.ir/athar/article-1-167-fa.html&sw  .\Yo—%o :Yo

(s le.tadsv_w J)_g)ls» LOFY) (domo ‘Lrwl.:& 9 E‘_ré.‘a.«a.o coal)'Lrlng—
SeNo\ (659 wdins (&)l B slojlsnlo yuslas jl s slaols al
https://doi.org/10.61186/jgit.11.3.85 VoY —Ad :(¥) V) ( \Sw

eslylaasl : lad oolilio) yaol dan 5. g (>gs LOYVF) gyl ()51 -

References

- Adl, Sh., (1998). “Digital and photogrammetric surveys of Zuzan and
Bastam” (Adapted by A. Karimi). Athar, 29(3): 90-120. https://journal.
richt.ir/athar/article-1-167-fa.html&sw (In Persian).

- Ahrari Roudi, A., (2005). Khaf through the passage of history. Torbat-e

Jam, Iran: Sheikh al-Islam Ahmad Jam. (In Persian).



N\

u‘j' ¢ & 4
f/(‘:)&d ; 5/ @ w0353 e 6 U 3 o] g el ol 2] Ko g 212 55 )3
- . o

/

- Arefian, F. F. & Moeini, S. 1., (2016). Urban change in Iran. Heidelberg,
Germany: Springer.https://doi.org/10.1007/978-3-319-26115-7

- Bickler, S. H., (2021). “Machine learning arrives in archaeology”.
Advances in Archaeological Practice, 9(2): 186-191. https://doi.
org/10.1017/aap.2021.6

- Bonhage, A., Eltaher, M., Raab, T., Breul}, M., Raab, A. & Schneider,
A., (2021). “A modified Mask region-based convolutional neural network
approach for the automated detection of archaeological sites on high-
resolution light detection and ranging-derived digital elevation models in
the North German Lowland”. Archaeological Prospection, 28(2): 177-186.
https://doi.org/10.1002/arp.1806

- Canedo, D., Fonte, J., Seco, L. G., Vazquez, M., Dias, R., Do Pereiro,
T., ... & Neves, A. J., (2023). Uncovering archaeological sites in airborne
LiDAR data with data-centric artificial intelligence. IEEE Access. https://
doi.org/10.1109/ACCESS.2023.3290305

- Carter, H., (1995). Urban regions (A. Rezazadeh, Trans.). Tehran, Iran:
Haq Publishing (In Persian).

- Caspari, G. & Crespo, P., (2019). “Convolutional neural networks
for archaeological site detection—Finding “princely” tombs”. Journal
of Archaeological Science., 110: 104998. https://doi.org/10.1016/].
jas.2019.104998

- Dahl, G. E. Yu, D., L. & Deng A., (2012). “Context-dependent pre-
trained deep neural networks for large-vocabulary”. Speech recognitionl,
IEEE Transactions on Audio, Speech, and Language Processing, 20 (1):
30-42. https://doi.org/10.1109/TASL.2011.2134090

- Davis, D. S., Caspari, G., Lipo, C.P. & Sanger, M. C., (2021). “Deep
learning reveals extent of Archaic Native American shell-ring building
practices”. Journal of archaeological science, 132: 105433. https://doi.
org/10.1016/j.jas.2021.105433

- der Vaart, W. V., Bonhage, A., Schneider, A., Ouimet, W. & Raab, T,
(2023). “Automated large-scale mapping and analysis of relict charcoal
hearths in Connecticut (USA) using a Deep Learning YOLOV4 framework”.
Archaeological Prospection, 30(3): 251-266. https://doi.org/10.1002/
arp.1889.

- Drucke, H., Burges, C. J., Kauffma, L., Smola, N, A. & Vapnik, V.,
(1997). “Support vector regression machines. Neural information processing
systems”. Eds Mozer MC. Jordan JI & Petsche T.: 155 —161.

- Estaji, H. & Raith, K., (2016). “The role of Qanat and irrigation networks



/
VPO (o 2335L bygd 5 bylaib
\

in the process of city formation and evolution in the central Plateau of Iran,
the Case of Sabzevar”. Urban Change in Iran: Stories of Rooted Histories
and Ever-accelerating Developments: 9-18. https://doi.org/10.1007/978-3-
319-26115-7 2

- Filipe, S. & Alexandre, L. A., (2014). “A comparative evaluation of
3D keypoint detectors in a RGB-D object dataset”. In: 2014 international
conference on computer vision theory and applications (VISAPP) (Vol. 1,
pp. 476-483). IEEE.

- Fiorucci, M., Verschoof-van der Vaart, W.B., Soleni, P., Le Saux, B. &
Traviglia, A., (2022). “Deep learning for archaeological object detection on
LiDAR: New evaluation measures and insights”. Remote Sensing, 14(7):
1694. https://doi.org/10.3390/rs14071694

- Forsyth, D. A. & Ponce, J., (2002). Computer vision: a modern
approach. Prentice hall professional technical reference.

- Garcia-Molsosa, A., Orengo, H. A., Lawrence, D., Philip, G., Hopper,
K. & Petrie, C. A., (2021). “Potential of deep learning segmentation for
the extraction of archaeological features from historical map series”.
Archaeological Prospection, 28(2): 187-199. https://doi.org/10.1002/
arp.1807

- Girshick. R., Donahue. J., Darrell, T. & Malik, J., (2015). Region-
based convolutional networks for accurate object detection and semantic

segmentation. The IEEE Transactions on Pattern Analysis and Machine
Intelligence.  https://doi.org/10.1109/TPAMI.2015.2437384

- Guo, Y., Liu, Y., Oerlemans, A., Lao, S., Wu, S. & Lew, M.S., (2016).”
Deep learning for visual understanding: A review”. Neurocomputing, 187:
27-48. https://doi.org/10.1016/j.neucom.2015.09.116

- Ibn Hawqal, M., (1966). The travelogue of Ibn Hawqal (J. Shoar,
Trans.), Tehran, Iran: Foundation of Culture. (In Persian).

- Kabolizadeh, M. & Abbasi, M., (2023). “Application of convolutional
neural networks single-shot multibox detector (SSD) in automatic detection
and extraction of Qanat from Google Earth satellite images”. JGIT, 11 (3):
85-102. https://doi.org/10.61186/jgit.11.3.85 (In Persian).

- Lambers, K., Verschoof-van der Vaart, W. B. & Bourgeois, Q. P. J.,
(2019). “Integrating Remote Sensing, Machine Learning, and Citizen
Science in Dutch Archaeological Prospection”. Remote Sensing, 11(7): 794.
https://doi.org/10.3390/rs11070794

-Mu, W., Zheng, R. & Zhang, W., (2023). “Research on optical detection

technology for underwater archaeology”. In: Third International Conference

7

FOEA,




N\

. N :‘ :. :.
ﬁg&df Y w85 3065 S IS o o il g el Ll 1y o g 513,831
g . T

/

on Image Processing and Intelligent Control (IPIC 2023) (Vol. 12782, pp.
42-50). SPIE. https://doi.org/10.1117/12.3002208

- Orengo, H. A., Conesa, F. C., Garcia-Molsosa, A., Lobo, A., Green,
A. S., Madella, M. & Petrie, C. A., (2020). “Automated detection of
archaeological mounds using machine-learning classification of multisensor
and multitemporal satellite data”. Proceedings of the National Academy of
Sciences, 117: 18240-18250. https://doi.org/10.1073/pnas.2005583117

- Papoli Yazdi, M. H. & Labaf Khaniki, R., (2000). “The role of ganats in
the formation of civilizations and the sustainability of qanat-based culture
and civilization”. In: Proceedings of the International Qanat Conference
(Vol. 2). Tehran, Iran. (In Persian).

- Phung. S. L. & Bouzerdoum, A., (2009). MATLAB Library for
Convolutional Neural Networks. Technical Report, Visual and Audio Signal
Processing Lab, University of Wollongong.

- Soltani Mohammadi, M. & Yousefi, Y., (2018). “Reassessing the im-
pact of ganats on settlements in central Iran (Case study: Mohammadieh
village, Naein)”. HARE, 37(164): 101-114. (In Persian).

- Somrak, M., DZeroski, S. & Kokalj, Z., (2020). “Learning to classify
structures in ALS-derived visualizations of ancient Maya settlements with
CNN”. Remote Sensing, 12(14): 2215. https://doi.org/10.3390/rs12142215

- Soroush, M., Mehrtash, A., Khazraee, E. & Ur, J.A., (2020). “Deep
learning in archaeological remote sensing: Automated qanat detection in
the Kurdistan region of Iraq”. Remote Sensing, 12(3): 500. https://doi.
org/10.3390/rs12030500

- Watanabe. S., K. Sumi & Ise, T., (2020). “Identifying the vegetation
type in Google Earth images using a convolutional neural network: a
case study for Japanese bamboo forests”. BMC Ecol, 20: 65. https://doi.
org/10.1186/s12898-020-00331-5

- Zanganeh Ghasemabadi, E., (2003). History and notable figures of
eastern Khorasan. Khaf, Iran: Khaterah Publishing. (In Persian).

- Ziyari, K., (1991). “Qanat techniques and their role in the formation
and early development of Iranian settlements”. DPJ, 7(28): 81-90. (In Per-

sian).






2025

s

46

Archaeological Research of Iran

P. ISSN: 2345-5225 & E. ISSN: 2345-5500
Homepage: https://nbsh.basu.ac.ir/
N

Bu-Ali Sin
University
3
L 4 -
w
-
D

Iranian Scientific o\ = —_
Archaeological \ z e
Association ~ >

1. Ph.D. student in Archaeology, Department
of Archaeology, Faculty of Literature and
Humanities, University of Tehran, Tehran, Iran.
2. Professor, Department of Archaeology,
Faculty of Literature and Humanities,
University of Tehran, Tehran, Iran
(Corresponding Author).

Email: Kniknami@ut.ac.ir

Citations: Mosalla, M. & Niknami, K., (2025).
“An Investigation into the Nature of Stucco
Motifs at the Sasanian Complex of Tepe
Hissar, Damghan: Insights into Functional
Implications”. Archaeological Research of
Iran, 15(46),293-321. https://doi.org/10.22084/
nb.2026.32143.2835

Journal of Department of Archaeology, Faculty of Art and
Architecture, Bu-Ali Sina University, Hamadan, Iran.

€ Copyright © 2025 The Authors. Published
by Bu-Ali Sina University.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International
license (https://creativecommons.org/
licenses/by-nc/4.0/). Non-commercial uses of
the work are permitted, provided the original
work is properly cited.

© The Author(s)

An Investigation into the Nature of Stucco
Motifs at the Sasanian Complex of Tepe Hissar,
Damghan: Insights into Functional Implications

Masoumeh Mosalla!, Kamal-Aldin Niknami’*®

4 https://doi.org/10.22084/nb.2026.32143.2835
Received: 2025/05/18; Reivsed: 2025/07/04; Accepted: 2025/07/17
Type of Article: Research
Pp: 293-321

Abstract

Stucco decoration represents a refined and prolific art form of the Sasanian
period, with the discoveries from the Sasanian structure at Tepe Hissar,
Damghan, standing as a distinctive example within this corpus. While
diverse methodological approaches exist for the examination of stucco
assemblages, this study employs a typological classification based on
specific motifs and motif groups. The primary research inquiry addresses
whether an analysis of the stucco recovered from the Damghan structure
can elucidate the building’s function beyond merely establishing its
chronological horizon. The working hypotheses posit that the decorative
program at Hissar embodies a dual character: adherence to the formal canon
of Sasanian art alongside the articulation of indigenous traditions. This
synthesis underscores the dynamism of Sasanian art, serving as a medium
that both projects central authority and integrates regional vernaculars.
The superior craftsmanship of these artifacts suggests a courtly or ritual
function for the structure, underscoring its pivotal role in the transmission of
artistic traditions to Islamic architecture. The iconographic repertoire of the
Sasanian stucco at Tepe Hissar encompasses geometric, floral, faunal, and
anthropomorphic designs. By correlating specific decorative elements with
distinct architectural elements of the building, and by evaluating the shared
attributes and divergences among contemporaneous Sasanian sites, a more
comprehensive understanding of the stucco assemblage recovered from
Tepe Hissar can be achieved. The pronounced symbolic nature of the stucco
motifs was a primary determinant in their selection for study. Consequently,
this research aims to establish a foundational understanding of the stucco
assemblage at the Tepe Hissar structure, utilizing a descriptive-analytical
method grounded in the thematic interpretation of the material. Additionally,
this study proposes a typological framework for the recovered artifacts,
prioritizing relative over absolute chronology. The findings demonstrate
that the stucco corpus can be categorized into distinct groups, notably
plaques, anthropomorphic motifs, and faunal representations. Furthermore,
a comparative analysis of the anthropomorphic designs unveils a religious
function for the complex, a hypothesis substantiated by the presence of
symbolic iconography such as lions, boars, and female figures.
Keywords: Stucco Decoration, Sasanian Period, Palace, Fire Temple,
Tepe Hissar, Damghan.
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Introduction

The Sasanian structure at Tepe Hissar is located approximately 200
meters from its prehistoric mound (the famous Tepe Hissar) and to the
southeast of the Tarikhaneh Mosque in Damghan. During his excavations
at the prehistoric site, Schmidt observed a low mound whose surface was
strewn with stucco fragments, as well as Islamic glazed pottery and red
and gray wares. Based on this evidence, and after making the necessary
arrangements, the team was prompted to open a test trench, which led to the
discovery of architectural remains and stucco decorations—findings that
initiated later extensive excavations at the site. One of the most significant
discoveries during these excavations is a structure that, according to the
excavator, is a palace dating to the Sasanian Period.

By focusing on the architectural evidence and surviving stucco
fragments at Tepe Hissar, this study seeks to elucidate the site’s position
within the Sasanian artistic tradition and its role in the historical continuity
of Iranian architecture, particularly in subsequent periods. To date,
research has predominantly been concentrated on the prehistoric deposits
of Hissar, with the Sasanian phase receiving comparatively little attention.
The examination of the structure’s stucco work transcends a purely art-
historical study; given that the modern Damghan region lies at the heart
of the east-west civilizational corridor, these finds reflect the political
and cultural standing of Damghan during the Sasanian era. Beyond their
decorative function, these stucco elements convey ritual and political
messages, serving as a bridge between court art and local traditions, while
also playing a pivotal role in the transmission of Sasanian art into Islamic
architecture.

Key objectives of this research include identifying the formal and technical
characteristics of the stucco fragments, analyzing the potential relationship
between the functions of architectural structures and its ornamentation,
and elucidating the sociopolitical status of the Damghan region during
the Sasanian Period. These objectives aim to facilitate a comprehensive
reconstruction of the building’s aesthetic and symbolic functions. The
stucco decorations at Tepe Hissar are regarded not merely as architectural
embellishments but as artistic and ideological statements. The central issue
addressed by the present study is whether an analysis of the iconographic
nature of the stucco motifs found in the Sasanian palace at Tepe Hissar in
Damghan can yield proposals regarding the building’s function.

Research Questions and Hypotheses: The primary research question
asks whether, through the study of stucco fragments excavated from the
Sasanian structure at Tepe Hissar in Damghan, it is possible to determine the
building’s function in addition to establishing its chronology. The research
hypotheses posit that the stucco decorations at Tepe Hissar possess a dual
nature: adherence to official Sasanian artistic canon alongside the reflection
of local traditions. This synthesis illustrates the dynamism of Sasanian
art, which simultaneously projected central authority while assimilating
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regional contexts. The superior quality of the artifacts suggests a courtly
or ritual function for the structure and underscores its pivotal role in the
transmission of artistic traditions to Islamic architecture.

Research Methods: This study is fundamental in nature and employs
a descriptive-comparative approach. Data collection methods comprise
fieldwork, including the examination of stucco panels housed in the National
Museum of Iran and on-site surveys of Tepe Hissar, and library research.
The archival component involves a review of documents related to Erich
Schmidt’s excavations, which contain extensive reports featuring maps,
plans, original photographs, and detailed descriptions of the architecture
and ornamentation. Furthermore, stucco panels held at the University of
Pennsylvania Museum in Philadelphia have been examined to facilitate
comparative analyses between the decorations of the Tepe Hissar structure
and those of other Sasanian monuments.

Stucco Techniques

From a technical standpoint, the stucco work at Hissar was executed using
four primary techniques: 1. Molding: Designs were incised in negative
relief onto wooden or clay matrices, after which liquid plaster was poured
into the molds. This technique facilitated the production of repetitive and
standardized motifs, and a significant portion of the architectural elements
in the structure under discussion was manufactured using this technique.
2. Carving: Representing the most ancient stucco technique, this involved
carving the plaster with metal tools while it was still in a semi-desiccated
state. This approach was employed for intricate details and zoomorphic
motifs; examples of this technique are evident at the Hissar building
(specifically the boar and deer designs referenced in the main text), as
well as at Bandian-e Darreh Gaz, Ctesiphon, and Chal Tarkhan. 3. Applied
Relief: In this technique, a plaster element was fashioned separately and
subsequently affixed to another structural component. The renowned frame
discovered at Tepe Hissar, depicting a female figure—though partially
deteriorated—serves as a quintessential example of this technique.
4. Composite: This entails the simultaneous application of multiple
techniques to achieve optimal results, a practice observed in numerous
artifacts recovered from Tepe Hissar.

In summary, characterized by their technical diversity and visual
richness, the stucco decorations at this site underscore the prominent
position of the Sasanian structure at Tepe Hissar within Sasanian art,
highlighting its significance in manifesting political and ritual grandeur.

Conclusion

An examination of the architectural decorations at Tepe Hissar in Damghan
suggests that the site served not just as a residential settlement, but as a ritual
and religious sanctuary, as well. The stucco reliefs and wall paintings share
a common lineage with prominent Sasanian counterparts at Umm al-Za“atar,



/

. M :. :‘ 2
Mosalla & Niknami; An Investigation into the Nature of Stucco... ﬁg& ! ’}
3 . d ¢ [

Ctesiphon, as well as Chal Tarkhan and al-Ma‘arid, reflecting a unified artistic
tradition spanning the Sasanian Empire. From an aesthetic perspective,
these motifs convey ritual and symbolic concepts beyond their decorative
function: the boar and ram allude to the deity Bahram, the deer to Khvarnah
and the rising sun, the lion to Mithra and Anahita, and the lotus flower to
Anahita and divine glory. The undulating bands symbolize Khvarnah and the
union of religion and state. A defining characteristic of these motifs is their
emphasis on serenity and naturalism; animals and humans are depicted with
tranquility and dignity, devoid of violence or hunting scenes. Architecturally,
the structure adheres to a pattern observed in other fire temples, comprising
a courtyard, a columned hall, a domed chamber (the place of worship),
corridors, and ancillary rooms. Architectural ornamentation is extensively
applied throughout the magnificent columned hall, while the worship
space remains austere and unadorned. The primary construction materials
consist of mudbrick, chineh (pis¢), and gypsum, with gypsum utilized not
only in structural elements but also for plastering and decoration. Although
fragmentary and scarce, the wall paintings suggest that the formal areas of
the building were designed to impress viewers. Equestrian scenes, whether
depicting hunting or coronation rituals, reflect the display of royal authority
and religious legitimacy. In summary, the stucco decorations at Tepe Hissar
represent a synthesis of aesthetics and symbolism; while aligning with
Sasanian courtly canons, they also exhibit local and innovative attributes. The
structure can be identified as a sanctuary dating to the Sasanian period, likely
constructed between the reigns of Kavad I and Khosrow 1. It is a site where
Sasanian art crystallized, showcasing the interconnection of Zoroastrianism,
political power, and artistic grandeur. Furthermore, the complex remained
extant into the early Islamic period, and its legacy endured in the architecture
of Islamic Iran, with the art of stucco work playing a particularly instrumental
role in shaping the post-Islamic Iranian architectural identity.
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Fig. 1: Aerial photograph of the Hissar
excavations; the Sasanian site is located
within the red zone, 1937 AD. (Schmidt, 1940:
Plate 44).
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Fig. 2: Plan of the main section of the
Sasanian structure at Hissar: 1) Columned
Hall, 2) Square room with a domed ceiling
and corridors on either side, 3) Room behind
the domed chamber with the continuation
of the corridor, 4) Elongated room featuring
polychrome decorations and wall paintings)
Rooms with survived flooring. (Schmidt,
1937: 329).
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Fig. 3: Schmidt’s reconstruction of the
exterior facade of the Sasanian structure at
Tepe Hissar. (Schmidt, 1933: Plate CLXVII).
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Fig. 4: Schmidt’s reconstruction of the section
of the Sasanian structure at Tepe Hissar.
(Schmidt, 1933: Plate CLXVIII).
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Tab. 1: Comparative analysis of one of the
stucco plaques recovered from the Sasanian
structure in Damghan (Authors, 2024).
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Tab. 2: Comparative analysis of one of the

stucco plaques recovered from the Sasanian
structure in Damghan (Authors, 2024).
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Tab. 3: Comparative analysis of one of the
stucco plaques recovered from the Sasanian
structure in Damghan (Authors, 2024).
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Tab. 4: Comparative analysis of one of the
stucco plaques recovered from the Sasanian
structure in Damghan. (Authors, 2024).
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Tab. 5: One of the plaster sculptures
uncovered from the Sasanian building at
Tepe Hessar, Damghan, depicting a lion
(Authors, 2024).
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Tab. 6: Comparison of one of the plaster busts
uncovered from the Sasanian structure at
Tepe Hessar, Damghan (Authors, 2024).
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Tab. 8: Comparison of the plaster columns
uncovered from the Sasanian structure at
Tepe Hessar, Damghan (Authors, 2024).
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Tab. 9: Elaborate vegetal and geometric
decorations from the Sasanian structure at
Tepe Hessar, Damghan (Authors, 2024).
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Tab. 10: Comparative analysis of one of the

stucco plaques recovered from the Sasanian

structure in Hessar of Damghan (Authors,

2024).
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