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Abstract

One of the most important characteristics of Iran's Iron Age is the existence of cemeteries without a
connection with the settlement. The reason for not finding settlements near most of these cemeteries can be
explained in connection with the nomadic nature of the Iron Age societies or the existence of temporary
settlements whose traces have not been discovered so far. The important feature of these cemeteries is the
abundance of burial pottery that is not known how and where they were made. Pottery from relatively close
cemeteries are very similar. Since the time of Ghirshman, important questions have been raised in this regard;
Were very similar pottery produced in a specific workshop and then distributed among the communities, or
did each community produce its own pottery, considering that no pottery production sites and kilns have
been found in its vicinity? In this research, to answer the questions mentioned above, a total of 22 random
samples of Iron Age pottery from the three cemeteries of Estark-Joshaghan and Sialk in Kashan and Sarm
in Qom were subjected to PIXE elemental analysis, and the resulting data were analyzed by PCA statistical
method. According to the results, no correlation was observed between the pottery. Further, despite the
overlap in some of the main elements, the amount of magnesium oxide was significantly different in the
ceramics of all three areas. This archacometric analysis shows that the Iron Age pottery samples of Estark-
Joshaghan, Sialk, and Sarm cemeteries were made from separate soil sources. However, the ceramics of the
sites are very similar in form, which most likely indicates the existence of cultural relations, demographic
displacement, ot stylistic imitation, not due to concentrated production in one or more limited places and
their distribution through trade. Therefore, the results support the nomadic or semi-sedentary hypothesis of
Iron Age societies in the cultural region of North Central Iran.
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Introduction

The Iron Age (ca. 1500-550 BC) in Iran's Central Plateau is marked by distinctive cultural transformations
often attributed to the migration of Indo-European tribes. These tribes, believed to be nomadic herders and
hunters, introduced significant changes to the region’s subsistence systems, material culture, and burial
practices. The decline of the traditional patterned pottery and the emergence of gray polished pottery, as well
as the shift from intra-residential burials to designated cemeteries, reflect this transformation. One intriguing
phenomenon is the presence of richly equipped cemeteries with no associated settlement remains, prompting
debates over the nature of these communities—whether they were pastoral nomads or settled populations
whose sites have yet to be identified. Scholars propose various causes for the widespread movement of tribes
into Iran during this period, such as ecological pressures, droughts, and intertribal conflict. These migrations
appear to have been gradual and largely non-violent. However, archaecogenetic and stratigraphic evidence
challenges the idea of large-scale migrations, suggesting cultural continuity instead. Despite this, many
cemeteries in semi-arid areas lack evidence of permanent settlements, reinforcing the hypothesis of a nomadic
or semi-sedentary lifestyle. Notably, the abundance and quality of burial pottery raise further questions.
Nomadic communities are not typically associated with such skilled ceramic production, nor with
transporting fragile vessels. This paradox has led researchers to investigate the provenance of these ceramics.
This study focuses on the Iron Age cemeteries of Estark-Joshaghan, Sialk, and Sarm, applying PIXE
elemental analysis and PCA statistical tools to determine the origin of the pottery and, by extension, infer the
nature of these societies. Identifying distinct clay sources can support the idea of decentralized pottery
production by mobile groups, offering insights into economic and cultural dynamics of Iron Age
communities in North Central Iran.

Materials and Methods

To examine the origin of Iron Age pottery, 22 potsherds from the cemeteries of Estark-Joshaghan, Sialk, and
Sarm were analyzed using Particle-Induced X-ray Emission (PIXE). This technique involves bombarding a
sample with high-energy protons generated by a Vandograph accelerator, causing inner-shell electrons to be
ejected. When electrons from higher shells fill these vacancies, they emit characteristic X-rays that identify
the elements present. The experimental setup allowed for the simultaneous analysis of 10 samples under
controlled conditions. The resulting elemental data were processed with GUPIX software to determine
concentrations, detecting elements down to parts per million. Subsequently, the results were subjected to
Principal Component Analysis (PCA) using SPSS. PCA helps identify patterns in data by reducing
dimensionality and revealing correlations among multiple variables. It groups elements based on covariation,
allowing researchers to determine similarities or distinctions among pottery samples. If the results indicate a
single elemental composition group, centralized production is implied. Conversely, multiple groups suggest
diverse production sources, possibly local or mobile potters. This approach allows for a systematic
investigation into whether Iron Age pottery was produced locally or distributed from centralized workshops,
thereby shedding light on the socio-economic structures of the associated communities.

Results

From each site, 7-8 potsherds were selected for PIXE analysis, identifying 20 elements in total. Elements
with low frequency or high error margins were excluded, and 13 elements remained for PCA. Five principal
component groups were identified, each dominated by distinct elements (e.g., CaO, K20, MgO, etc.). PCA
scatterplots revealed multiple pottery clusters, suggesting the existence of distinct compositional groups.
Notably, a handmade clay cap from Estark-Joshaghan (EJ 2018-8) stood out for its stark chemical
composition, suggesting a unique production source. This item likely reflects influence from steppe pottery
traditions, hinting at cultural diffusion or migration from northern regions in the early second millennium
BC.The PCA revealed no uniform elemental pattern across the three sites, with distinct differences
particularly in MgO concentrations. This supports the hypothesis that the pottery was produced locally, using
diverse clay sources rather than being manufactured at a centralized workshop and traded widely.
Interestingly, some Stark-Joshaghan samples share similarities with both Sialk and Sarm, likely due to their
geographic position between these two sites, which may have facilitated interaction.

Discussion

The three cemeteries analyzed—Estark-Joshaghan, Sialk, and Sarm—are significant Iron Age sites in North
Central Iran. Estark-Joshaghan, near Kashan, was excavated across multiple seasons and yielded pottery
indicative of both Iron Age I and II. Sialk, one of Iran’s most studied archaeological sites, contains two
cemeteries (A and B) corresponding to Iron Age IT and III, respectively. Sarm, near Qom, features over 190
identifiable graves and no settlement remains, suggesting use solely as a burial ground during the Iron Age
I1-I11.

These findings align with archaeological interpretations that most Iron Age communities in this region were
nomadic or semi-sedentary. They relied on seasonal mobility and localized production, yet maintained
cultural ties across regions. Despite their mobility, the quality and stylistic consistency of the pottery suggest
shared cultural aesthetics or mutual influence rather than centralized economic systems.
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This study adds to the growing body of archacometric evidence in Iranian archaeology, demonstrating that
PIXE analysis, combined with PCA, can offer valuable insights into prehistoric production systems and social
organization. While the sample size is relatively limited, the results robustly challenge assumptions of
centralized production and reinforce the interpretation of mobility, diversity in resource use, and regional
interaction among Iron Age groups in the Central Plateau of Iran.

Conclusion

This research aimed to investigate the subsistence patterns of Iron Age societies in North Central Iran by
analyzing pottery from Estark-Joshaghan, Sialk, and Sarm cemeteries. Using PIXE elemental analysis and
PCA statistical evaluation, it was found that the ceramics were made from chemically distinct clay sources,
supporting the idea that pottery production was localized rather than centralized. These findings substantiate
the theory that Iron Age communities in this region were predominantly pastoral nomads or semi-sedentary
groups.Although similarities in ceramic forms indicate cultural connections and interactions, the elemental
diversity points to decentralized production and independent clay procurement. The presence of distinctive
ceramic types, such as the handmade red clay cap, suggests cultural influence from steppe populations and
highlights the region’s dynamic intercultural exchanges. This study demonstrates how combining
archacometric methods with archaeological context can clarify long-standing questions about prehistoric
lifeways. For more definitive conclusions, broader sample sizes and further regional studies are needed.
Nonetheless, this research provides crucial support for the interpretation of Iron Age societies in Iran as
mobile yet culturally interconnected communities.
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Figure 2. Geographical location of the studied sites. The distance between Sarm and Estark-Joshaghan is 57 km; The
distance between Estark-Joshaghan and Sialk is 17 km; The distance between Sarm and Sialk is 71 km
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Figure 3. Potsherds selected from Estark-Joshaghan, Sarm, and Sialk for PIXE analysis
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Table 2. Group matrix; Output of SPSS software based on Principal Components Analysis (PCA)

Component (%o)

1 2 3 4 5
ALOs -0.639 -0.437 0.466 -0.103 0.143
SiO, -0.969 0.159
KO -0.278 -0.673 0.510 -0.224 0.246
CaO 0.861 -0.314 -0.258 0.266
TiO, -0.774 0.221 0.175 0432
MnO 0.252 0.105 0415 -0.693
Fe;O3 0.123 0.799 0.267 -0.297 -0.158
SrO 0.486 -0.211 0.320 0.159 0.286
MgO 0.378 0.317 0.285 -0.638 0.278
Cl 0.612 -0.443 0432 -0.220
Cr0O3 0.376 0.583 0.233 -0.118 0.351
ZnO 0.181 0.237 0.535 0461
V203 0.386 0.569 0.604
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Figure 4. PCA of factor 1 and factot 2
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Scatterplot of Factor 4 against Factor 3; categorized by Site
Factor coordinates of cases, based on correlations (Sara Benmaran) 14v*22¢

Figure 5. PCA of factor 3 and factor 4
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Figure 6. A fragment of a clay cap found in the Estark-Joshaghan cemetery, EJ 2018-8
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