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Abstract
This study investigates 120 fragmented clay horse figurines excavated from the archaeological site of Received: 2024/09/20
Koh-e Abpa, located in the Farashband intermountain plain of western Fars (near Shiraz). The site Revised: 2026/02/19
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Published: 2026,/06/30

lacks well-defined cultural stratigraphy. Recurrent breakage patterns, predominantly affecting the head,
legs, and tail, exhibit consistent features suggestive of deliberate fragmentation, most likely linked to
ritual practices (ritual fragmentation or intentional breakage). In the absence of previous
archacometric investigations, a representative subset of samples from the 2014 excavation season was
selected and subjected to a type-variety classification approach. The integrated analytical protocol
combined stereomicroscopic examination with X-ray diffraction (XRD) for mineralogical
composition, energy-dispersive X-ray spectroscopy (EDS) for elemental characterization, and

principal component analysis (PCA) for multivariate statistical grouping of the compositional data.
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firing) and the inferred ritual function, reinforcing the interpretation of the figurines as votive or

sacrificial objects employed in ritual or ceremonial contexts, likely deliberately fragmented as part of

structured depositional or termination practices.
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Introduction

The archaeological site of Koh-e Abpa, located in the
intermontane plain of Farashband County, Fars Province, Iran,
occupies a strategically significant position along an ancient
communication route connecting Shiraz to the Persian Gulf.
Situated at an elevation of 750-850 m in a hot and arid
environment, the region has long functioned as a cultural corridor
linking southwestern Iran to major historical centers, including the
prominent Sasanian center of Firuzabad. Previous surveys, notably
those conducted by Vanden Berghe in the mid-20th century,
documented several chahartaq (four-arched) structures in the
broader Farashband atea, attesting to sustained occupation and
activity during the Sasanian and eatly Islamic periods.

Within this cultural landscape, a distinctive assemblage of
composite clay figurines—particularly those depicting the horse-
and-rider motif—has been recovered from Koh-e Abpa and
adjacent areas of Farashband. These figurines, predominantly
fragmented, are hand-modeled, highly stylized, and abstract in
form, featuring exaggerated anatomical characteristics such as
elongated and curved necks, with minimal emphasis on anatomical
realism or naturalistic detail.

Comparable horse-and-rider figurines are widely attested
across various regions of Iran and Southwest Asia from the
Parthian petiod onward (and continuing into Sasanian times),
suggesting the existence of shared symbolic, votive, or ritual
traditions across these periods and areas. Ceramic artifacts,
including figurines, form a central focus of archacological and
archaecometric research owing to their abundance, durability, and
insights into technological practices. Despite the interpretive value
of clay figurines for understanding cultural, economic, and ritual
behaviors, the Koh-e Abpa assemblage had not previously
undergone systematic archacometric investigation.

To address this gap, the present study employs X-ray
Diffraction (XRD) and Energy Dispersive X-ray Spectroscopy
(EDS), supplemented by Principal Component Analysis (PCA), to
examine raw material composition, manufacturing technology, and
inter-sample compositional variability. The principal objective is to
develop a robust analytical framework for characterizing figurine
production technology in the Farashband region and to generate
empirical data that can strengthen broader archaeological
interpretations regarding the function, cultural significance, and

ritual contexts of these figurines.

Material and Methods

The study examines 15 fragmented and heavily encrusted
clay figurine fragments from Koh-e Abpa, primarily consisting
of legs, heads, necks, head—neck combinations, and one tail—
body piece. Samples were selected based on size, encrustation
degree, paste color, wall thickness, and morphology. An initial
typological classification employed the Type—Vartiety system,
focusing on visual and morphological traits to identify recurring
symbolic forms and stylistic patterns. This was supplemented by
microscopic examination, though interpretation remains limited
by the assemblage's fragmented and pootly preserved state.

All specimens were recovered broken, with no complete
figurines preserved. Potential refitting of fragments from the
same object was evaluated using criteria such as neck curvature,
leg form, surface treatment, paste color, and encrustation
patterns. While similarities support this in some cases, the lack
of physical joins and the dispersed find contexts preclude
definitive matches. To overcome these limitations, X-ray
Diffraction (XRD) and Energy Dispersive X-ray Spectroscopy
(EDS) were applied, with compositional data subjected to
Principal ~Component  Analysis (PCA). The analyses
distinguished six discrete mineralogical and chemical groups,
revealing that visually similar fragments often exhibit markedly
different paste compositions. This indicates production across
multiple workshops, chronological phases, or using varied raw
material sources, and underscores that morphological similarity
alone is unreliable for inferring shared provenance. Overall, the
results value of

emphasize the integrating  typological

classification with archaeometric data for more reliable

interpretations of fragmented figurine assemblages.
ESEM-EDS

Environmental Scanning Electron Microscopy with Energy
Dispersive X-ray Spectroscopy (ESEM-EDS) was used to
investigate microstructure and elemental composition. Given the
small size and fragility of the artifacts, a minimally invasive
powder sampling method was employed, targeting the core
fabric to minimize surface contamination. Analyses were
conducted on a Philips XI.30 ESEM equipped with an EDAX
EDS system, yielding quantitative elemental data that informed

compositional grouping and technological interpretation.

X-ray Diffraction (XRD)

XRD identified crystalline mineral phases in the figurines.

Measurements were performed at the Kimiazi Laboratory using
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a PANalytical X’Pert Pro MPD diffractometer with Cu—Koa
radiation, scanning 20 from 7° to 80°. The same powders
analyzed by EDS were used for direct comparability. Phases
were identified via X’Pert HighScore Plus software against PDF-
2 and COD databases, providing complementary mineralogical

data for multivariate analysis.
Principal Component Analysis (PCA)

PCA was applied to standardized EDS elemental data using
SPSS v. 24 to classify fragments and assess affinities. Principal
components were retained based on eigenvalues >1 and Scree
Plot inspection; the first two components, capturing the majority
of variance, revealed distinct clusters. Integration with XRD
results confirmed six discrete chemical-mineralogical groups,
highlighting production variability beyond visual typology.

Results and Discussion

The EDS analyses reveal that the principal elements in the
figurine fabrics are Si, Fe, Al, K, Mg, and Ca, with Si and Fe
dominating all samples. Silicon contents range from 10.09 to
35.27 wt% (average 16.37 wt%), and iron from 5.35 to 12.49
wt%o (average 8.84 wt%), consistent with the use of iron-rich clay
raw materials. Al, K, and Mg occur in moderate concentrations,
while Mn, Ni, Cu, Zn, Cr, P, S, and Cl are minor or trace
elements. Calcium shows marked variability, enabling division
into low-Ca (< 6 wt%) and high-Ca (> 6 wt%b) fabrics.

The frequent presence of primary calcite suggests low firing
temperatures, as carbonates typically decompose above ~750—
880 °C (with onset often lowered in ceramic matrices). Partial
darkening of carbonates, grain-size effects, and hematite in some
samples indicate locally higher temperatures approaching ~800
°C. PCA of the EDS data highlights chemical heterogeneity; the
first two principal components are dominated by Ca (PC1) and
Zn (PC2), providing strong discrimination among groups.
Scatter plots and cluster analysis identify several distinct clusters,

including outliers with unique signatures, pointing to varied raw

material sources or paste recipes. This reveals a clear disconnect
between visual typology and chemical composition.

XRD identifies quartz as the dominant phase in all samples,
with variable calcite, dolomite, and diopside. The presence of a-
quartz (main peak at 20 = 26.64°) indicates firing below the o—f
quartz inversion at 573 °C. Survival of carbonate phases
(especially dolomite as the main carbonate in many samples)
supports low to moderate firing. The occurrence of diopside
(CaMgSi2Op) in several samples is significant, as this pyroxene
typically forms above ~750-850 °C through reactions involving
dolomite and quartz; these samples show harder, more compact
fabrics, consistent with elevated local temperatures. PCA on
XRD mineralogical data confirms and refines the EDS-based
groupings. The integrated EDS-XRD-PCA  approach
demonstrates production from multiple raw material sources and
firing regimes despite morphological similarities, underscoring
the limitations of macroscopic typology alone and offering a

robust basis for interpreting technological variability in the Koh-

e Abpa assemblage.
Conclusion

The sampling and analytical strategy confirmed XRD and
EDS as highly effective for these small, fragile artifacts.
Microscopic observations of surface features (porosity, coatings)
enhanced technological evaluation within the Type—Variety
framework. No diagnostic manufacturing tool marks were
observed. Integrated data classified the samples into six distinct
compositional groups, corroborated by both techniques. XRD
indicates maximum firing temperatures below 573 °C for most
samples (based on a-quartz stability and carbonate persistence),
though localized higher conditions are inferred from diopside.
Overall, the findings reveal technological variability in raw
material selection, preparation, and firing linked to ritual
practices involving figurine use and deposition, emphasizing the
need for archacometric

integration in interpreting such

assemblages.
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Table 2. XRD-identified mineral phases in samples 1-14
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