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Abstract

The emergence of iron production in Iran reflects both cultural development and chronological
transitions from the Stone to Iron Ages. Beheshtabad Hill Chaharmahal and Bakhtiati, registered
as a national heritage site in 2006, contains archaeological remains dating from the 4th—1st centu-
ries BC and the Ilkhanid period. Excavated iron objects provide valuable historical information
but face rapid deterioration due to corrosion. The aim of this study is to identify the nature of
corrosion, the microstructural characteristics of the excavated artifacts from this site, and the nec-
essary measures for their conservation and maintenance in accordance with the condition of the
objects. The research methodology includes microscopic observations, (SEM), (XRD), radiog-
raphy, and metallographic analysis. The results indicate that the artifacts are made of iron-based
alloys with a heterogeneous structure, most likely low-carbon iron with carburized zones. Irregular
lamellar ferrite and acicular microstructures were observed, which may result from secondary al-
teration, localized carbon enrichment, or pseudo-phase corrosion products; additionally, in some
areas, a pseudo-Widmanstitten structure was identified. XRD identified goethite, reflecting an
alkaline, oxygen-rich burial environment with low humidity, and lepidocrocite, which accelerated
corrosion. Sediments contained silica and quartz, with corrosion penetrating deep layers and caus-

ing cracking. Conservation and restoration treatments were subsequently applied.
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Introduction

Metalworking represents one of the most significant technological
and cultural achievements in human history. From as eatly as 4000
BC, communities in the Near East began extracting and smelting
minerals to produce metals, marking a decisive shift in material

culture and technological sophistication. Eatly experimentation

was often limited by impurities in ores, yet over time, mastery of
smelting techniques led to the development of tools, weapons,
and ornaments that reshaped societies. During the Iranian Iron
Age, approximately 1500-550 BC, the use of metals such as

bronze, silver, and gold continued, but iron became the defining
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element of the period. Its strength, availability, and adaptability
distinguished it from earlier materials and enabled new technolog-
ical and cultural practices. Archaeological discoveries across the
Near East highlight this transition. For example, the iron dagger
with a gold hilt from Alaca Héytk (2400-2300 BC) and the series
of iron weapons excavated at Karagindiz (1200-1100 BC)
demonstrate both the early experimentation with iron and its
eventual mass production for warfare and daily life. These finds
also underline the exchange of technological knowledge across re-
gions, including Anatolia, Mesopotamia, and the Iranian plateau.
Despite the cultural importance of iron, discovered iron artifacts
present serious challenges to restorers. Iron is inherently unstable
in buried environments and after excavation. After excavation,
stable corrosion layers that have formed underground are exposed
to new environmental conditions and often transform into more
aggressive corrosion products. This process accelerates decay and
leads to the loss of the integrity of matter and the disintegration
of the object. Consequently, understanding the microstructure,
corrosion mechanisms, and conservation strategies of iron arti-
facts is crucial for archaeological conservation.This site, with evi-
dence spanning from the 4th—1st millennia BC to the Ilkhanid pe-
riod, provides a valuable case for exploring ancient technologies
and the long-term preservation of metal objects.

The present study focuses on artifacts excavated and seeks to an-

swer three research questions:

1. What are the manufacturing techniques and microstruc-
tures of the objects?

2. What is the composition and morphology of their cor-
rosion products?
3. What is the rate of corrosion, and which conservation

strategies are most suitable?

Methodology

To address these questions, the study employed a combination of
macroscopic observation, microscopy, SEM-EDS, XRD, radiog-
raphy, and metallography. The results not only shed light on the
production and use of iron at Beheshtabad but also provide in-
sights into effective conservation practices for similarly vulnerable
artifacts. Beheshtabad Hill is located in Ardal city, within Chahar-
mahal and Bakhtiari province in southwestern Iran. Archacologi-
cal surveys and excavations have revealed cultural deposits from
multiple periods, including evidence of occupation in the 4th—1st
millennia BC and renewed activity during the Ilkhanid era. Due to
its significance, the site was registered as a national heritage prop-
erty in 2006 (No. 19799). Rescue excavations were initiated prior

to the construction of a dam in the area, during which several

metal artifacts, including iron objects associated with burial con-
texts, were unearthed. The present research focuses on two iron
artifacts, both resembling daggers. Object 1 preserves rivet traces,
suggesting attachment to an organic handle, though the blade is
fragmented and heavily corroded. Object 2 retains part of its han-
dle, though corrosion has severely affected the blade. Both objects

were covered with layers of corrosion mixed with soil deposits.

Conservation Procedures

Conservation treatment followed standard protocols aimed
at stabilizing iron attifacts. Mechanical cleaning was used to re-
move loose soil and corrosion deposits while preserving the patina.
For hard encrustations, selective chemical poultices with 10% so-
dium hexametaphosphate were applied. After thorough rinsing
and drying, stabilization was achieved with a 2% solution of Pa-
raloid B-72. Finally, the artifacts were placed in custom-made ar-
chival storage boxes with buffered supports, designed to minimize

mechanical stress and regulate micro-environmental conditions.

Results and Discussion

Macroscopic and Microscopic Observations

Both artifacts displayed substantial corrosion, with thick, stratified
layers incorporating soil particles. Common pathologies included
pitting, surface cracks, and microcracks penetrating into deeper
layers. Microscopic analysis revealed a tripartite stratigraphy: ex-
ternal sediments, corrosion phases, and remnants of the metallic

core.

Fabrication Techniques

SEM-EDS: SEM was used at the Razi Metallography Research
Center to examine the microstructure and semi-quantitative
chemical composition of the samples. EDS analysis identified iron
as the main component, with localized carbon enrichment (3.8—
5.9%), and minor elements including copper, silicon, calcium,
phosphorus, and potassium. Microstructural observations showed
dark corrosion spots, bright and gray regions, and carbon-rich ar-
eas. Oxygen detected corresponded to corrosion processes. SEM—
EDS provided qualitative elemental and corrosion-phase data;
carbon measurements reflect secondatry or corroded areas rather
than the base metal composition (Scott, 1991).

XRD: XRD analysis identified goethite (a-FeOOH) and lepido-
crocite (y-FeOOH) as the dominant corrosion products, with

magnetite (Fe3Oy) also present. Quartz and calcite were found,
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originating from burial sediments. The prevalence of goethite sug-
gests that the artifacts were buried in an alkaline, oxygen-rich en-
vironment with relatively low humidity and low chloride content.
However, the presence of lepidocrocite indicates localized condi-
tions of higher humidity or acidity, which are more aggressive and
accelerate deterioration. This duality underscores the complexity
of corrosion processes, both in burial and post-excavation envi-

ronments.

Radiography: Radiographic imaging revealed dense corrosion
crusts but confirmed that metallic cores survive in both objects.
This finding is significant, as it allows for ongoing conservation
and demonstrates that, despite extensive degradation, the artifacts

retain structural integrity beneath corrosion layers.

Conservation and Storage

The conservation process emphasized minimal intervention while
stabilizing the artifacts for long-term preservation. Mechanical
cleaning successfully removed loose debris and unstable corrosion,
while poultices softened and detached hard sediments. Paraloid B-
72 provided a reversible and protective coating, stabilizing fragile
surfaces.For storage, custom archival boxes with buffered sup-
ports were constructed. These limit physical stress and provide a
controlled microenvitonment. Long-term preservation tequires
stable conditions, particularly relative humidity below 40%, mod-
erate temperatures, and adequate ventilation to prevent reactiva-

tion of corrosion processes.

Conclusion
The study of two iron artifacts from Beheshtabad Hill provides

valuable insights into both ancient ironworking technology and
contemporary conservation challenges. The artifacts are com-
posed of iron and display surface deposits enriched in elements
such as phosphorus and calcium. Their archaeological context
suggests that they were likely deposited in graves alongside the de-
ceased as part of ritual or funerary practices. Phase identification
of the corrosion products revealed the presence of quartz, calcite,
goethite, and lepidocrocite. These mineral phases indicate that the
burial environment was calcareous, slightly alkaline, and charac-
terized by low salinity. The occurrence of goethite suggests burial
conditions with relatively high oxygen availability and low mois-
ture, whereas the presence of lepidocrocite in crust-like layers re-

flects the formation of lepidocrocite—goethite corrosion products

under mildly acidic to neutral micro-environmental conditions.
Although goethite generally indicates a relatively stable corrosion
state, its presence alone is insufficient for an exact reconstruction
of the burial chemistry. The artifacts exhibit numerous cracks, pit-
ting, and carbonate-type corrosion. However, considering the
non-acidic pH conditions and the absence of chloride-bearing
corrosion phases, the corrosion can be classified as largely inactive.
Despite extensive corrosion, portions of the metallic core remain
preserved, further supporting the interpretation of a relatively sta-
ble post-burial environment. From a pathological perspective, the
observed deterioration includes cracking, localized pitting, and
carbonate encrustations, most of which are currently inactive and
directly related to the burial chemistry. Conservation operations
were carried out on the stabilization of the antiquities through me-
chanical cleaning, selective chemical treatments and the applica-
tion of protective coatings in order to preserve the longevity of
the antiquities and for the vital role of preventive conservation
strategies in maintaining sustainable stability. Ultimately, this re-
search demonstrates the importance of combining archacometal-
lurgical analysis with conservation science. By understanding the
fabrication techniques, corrosion mechanisms, and burial environ-
ments of iron artifacts, restorers can design more effective strate-

gies for preserving these vulnerable objects..
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Table 2. General characteristics of the tested samples
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Figure. 3. Object 1 from the Figure. 2. Object 1 from the
back view before restoration front facade before restoration
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Figure. 9. Presence of environmental sediments

)25 5 BN 65 Sligusy ¢SS
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Figure. 11. Iron stuck to the surface
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Figure. 6. Relatively sharp tip with corrosion products

Figure. 7. Rivet connection
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Figure. 8. Corrosion in the form of cavities
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Figure. 15. Grooves on the surface
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Figure. 14. Layered orange sediments
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Figure. 13. Orange, yellow, and white
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Figure. 18. Crack parallel to the surface
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Figure. 17. Microcracks on the surface
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Figure. 16. Cracks in the surface
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Table 3. Distribution of elements in samples 1 and 2 based on weight percentage
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Figure 26. Results from XRD analysis spectroscopy
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Formula
Color

Number Name
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