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Abstract

Illyrian helmets represent a key element of Iron Age martial culture in the western Balkans, reflecting
technological knowledge, workshop traditions, and long-distance cultural exchange. Based on the
currently available archaeological record, Illyrian helmets are first attested in contexts dating to the
8th-7th centuries BC, with finds concentrated in Greece and the central and western Balkans,
including Macedonia, Albania, Dalmatia, and the wider interior. Over time, the form developed into
several variants (Types I-1IIB). This study presents the elemental characterization of the total set of 27
Illyrian helmets excavated in Albania and currently preserved in local museum collections, a region
where the later types are particularly well attested. As the helmets are intact and exhibited in
museums, non-destructive micro-XRF analysis was employed. The main research questions
addressed how the alloy composition, including minor and trace elements, reflects local metallurgical
practices and distinguishes Illyrian helmets from similar helmets in neighboring regions. The results
indicate the consistent use of bronze alloys dominated by copper (89-95.3%) with low tin contents
(3.5-9.9%), consistent with established alloying practices for durable protective equipment. Minor
and trace elements, including iron (up to 1.5%), lead (up to 0.76%), arsenic (up to 0.09%), zinc (up to
1.17%), and antimony (up to 2.36%), likely reflect metallurgical choices, recycling practices, or
impurities linked to regional copper deposits. These elemental signatures, particularly the association
of arsenic, antimony, zinc, and iron, suggest regional metallurgical characteristics and offer
additional insight into Illyrian bronze production, while helping to distinguish these helmets from
contemporaneous finds in other parts of the Balkans and Europe.

Keywords: Illyrian helmet; bronze; Albania; in-situ XRF; elemental composition; copper ore

1. Introduction

Illyrian helmets are a distinctive type of ancient headgear, recognizable by their rectangular face
opening, the triangular or elongated cheek guards, and a protective neck guard. They often feature
two parallel ridges across the crown for attaching a crest. These helmets have drawn much scholarly
attention because of their wide geographical spread across the Balkans and beyond, their numerous
stylistic variations, and the fact that new examples continue to appear, sometimes in unexpected
regions or with unusual details. Although commonly referred to as “Illyrian,” the helmet form is
traditionally associated with Greek contexts of the 8th—7th centuries BC, particularly in the
Peloponnese, based on the distribution of surviving examples. Its development is usually divided
into three major stages. The earliest form (Type I), with a low crown and no neck guard, appears
mainly in Greece, with one notable find in Albania. The middle form (Type II), dating from the late
7th to the mid-6th century BC, became especially prominent in Macedonia, particularly around
Thessaloniki and Kozani. This type is considered the most impressive in appearance, with elaborate
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cheek pieces, ribbed decoration, and ornamental borders. The final stage (Type III), widespread from
the second half of the 6th century until the 4th century BC, is the most common and diversified. Its
subtypes include helmets with studded edges (IIIA1), those with more freely executed decoration
(IITA2), and simpler smooth-edged versions (IIIA3). Variants sometimes incorporated motifs from
other Greek helmet styles, such as the Corinthian or Chalcidian, and a number were richly decorated
with precious metals, animal motifs, or floral designs. Type IIIB, with cut-outs for the ears, represents
the latest development. [1]

Illyrian helmets were used for nearly five centuries by Greeks, Macedonians, and Illyrians alike.
Their significant presence along the Adriatic coast and in the surrounding area suggests a strong
regional demand, probably supplied by workshops in centres like Epidamnus and Apollonia.
However, production may also have extended to other regions, including Sicily. Their distribution
demonstrates the cultural- and military connections across the Balkans and the Mediterranean. The
archaeological records confirm that the Illyrian helmet was most prevalent in Greece, where the
greatest variety of finds were discovered, spanning the entire typological spectrum. The wide variety
of helmets from Olympia, representing all types, highlights the site’s importance as a place of
worship. [2] Meanwhile, the extraordinary abundance of specimens, including pieces with
exceptional decorations, such as lion iconography or ram’s-head cheekpieces, found at sites like
Sindos, Archontiko, and Trebeniste, confirms Macedonia’s role as a leading centre for production and
artistic innovation. The helmet’s prevalence across Greece, from the Peloponnese to Dodona and
Lindos, is further evidenced by its widespread discovery. [3]

Numerous helmets have been recovered in Dalmatia, Herzegovina, and along the Cetina river
valley, often associated with burials. Many belong to Types IIIA1 and IIIA2, with a smaller number
of earlier Type Il examples. Sites such as Budva, Kaptol, Donja Dolina, and Grude produced multiple
finds. Ohrid yielded several, including a unique example with ram’s head cheek pieces. Other finds
come from Kosovo, Bosnia’s Glasinac necropolises, and sites in Serbia (Razana, Pecka Banja, Sremska
Mitrovica). These show that Illyrian helmets were widely adopted inland, not only along the coast.
Several helmets have been found to the north of the Danube, for example at Gavojdia, Gostavat, Ocna
Muresului, and Jidovin. Most of them belong to the later types (IIIA and IIIB), and some are richly
decorated, including one featuring a figural ornament. These finds suggest strong cultural and trade
connections between the Balkans and the lower Danube region. [4,5] Italy has produced a handful of
finds, mostly of Type I1IB, including examples in Abruzzo. Sicily has yielded a helmet with distinctive
wing-like forehead decorations, likely influenced by Corinthian styles. These discoveries suggest the
occasional export of helmets across the Adriatic, possibly connected to mercenary service or direct
trade. A single remodelled helmet was reported from Kerch, demonstrating how far these helmets
could travel, probably via contacts in the Black Sea region. [6]

Albania has produced a rich variety of helmets, particularly of the later variants (Types IIIA and
IIIB). Finds come from sites such as Skadar (Shkodra), Tirana, Draj-Rec, Drac, Kukés, and Apollonia.
[7,8] While a few early- or transitional pieces exist, such as those of Borove (Type I) and Ungrej (Type
II), most of the helmets date to the 5th—4th centuries BC, showing that the Adriatic coast was an
important trade region. It is thought that workshops in Epidamnus (modern-day Durrés) and
Apollonia produced them locally to supply the demand in the “Illyrian” hinterland. [9-11]

Our study examines the technological features of ancient copper artefacts and alloys that were
excavated in Albania, situating them within the broader metallurgical tradition of the Balkans and
the Mediterranean. Copper ores exploited in antiquity derive primarily from deposits of sulphide
(chalcocite CuzS, covellite CuS, chalcopyrite CuFeS:, bornite CusFeSs, tennantite Cui2AsiSis,
tetrahedrite (Cu,Fe)125bsS13) and carbonate (malachite Cu2COs3(OH)2, azurite Cus(COs)2(OH)z), with
the Mirdita, Rubik (north), and Korgé (southeast) regions of Albania representing key sources of such
ores. These deposits are often associated with zinc (sphalerite (Zn,Fe)S) and trace elements such as
Ag, Au, Cd, Sb, Sn, Te, As, and Bi, highlighting the complexity of local ore mineralization and its
potential role in shaping alloy composition. [12-16] Other comparable early mining centres in the
Balkans, such as Rudna Glava (Serbia) and Ai Bunar (Bulgaria), containing mainly carbonate ores,
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while Cypriot and Greek deposits provided both carbonates and sulphides, which contributed to
long-distance trade and technological exchange. [17,18]

In antiquity, the most widespread copper alloys were tin bronzes (Cu-Sn), with low-tin alloys
(1-18% Sn) employed for functional tools and weapons due to their balance of hardness and ductility,
while high-tin bronzes (18-30% Sn) were harder but more brittle, often linked to decorative or
symbolic applications. Arsenical bronzes (Cu-As) were widespread in the Early and Middle Bronze
Age but declined in favour of tin bronzes during the Late Bronze Age. One of the main reasons was
the toxicity of arsenic. Leaded bronzes (Cu-Sn-Pb) reflect the use of small Pb additions (<0.5%) to
enhance casting, though higher Pb contents reduced the workability. The addition of lead results in
an immiscible system in which this element segregates as discrete globules within the copper matrix
or along grain boundaries. The observed variation in alloy compositions over time, for instance the
more frequent use of lead than tin during the Iron Age, reflects changes in resource availability and
recycling practices. The addition of iron (Fe), usually at low levels, leads to limited solid solubility in
copper (even in alloys containing up to 3% Fe), excess iron separates as iron-rich globules or
dendrites. At higher iron contents (around 6% Fe), phase separation becomes pronounced, producing
a heterogeneous microstructure that may slightly increase hardness but adversely affects ductility
and results in copper alloys that can exhibit ferromagnetic behavior due to residual iron phases. Brass
(Cu-Zn), which is produced by co-smelting ores rather than by extracting metallic zinc, appears in
later contexts, particularly in Roman coinage, with alloys containing 10-20% Zn valued for their
golden colour. [19-21] The manufacturing techniques involved casting molten alloys into stone, clay,
or bronze moulds to produce dendritic microstructures, whose shape was determined by the cooling
rate. These microstructures could be modified using thermal treatments such as annealing to adjust
mechanical properties. [22,23]

The 27 helmets included in this study constitute all known Illyrian helmets excavated in Albania.
[7,8,24,25] By studying their chemical composition, archaeologists can gain an understanding of
ancient production techniques, including alloying practices, ore sources, and metalworking
traditions. It also provides insight into trade networks, resource availability, and possible recycling
practices, shedding light on the technological and economic aspects of Iron Age societies in the
western Balkans. Additionally, chemical analyses inform restoration and conservation strategies by
identifying the materials used, thereby ensuring that preservation methods are compatible with the
original metal. Finally, our aim is to shed light on the possible copper ores used to produce these
helmets and to establish whether they may have originated from regional deposits. Table 1 shows
the list of the Illyrian helmets included in this study, along with their excavation site, condition,
inventory number, place of exhibition, dimensions, masses, dating, typology, and front and side
photographs.

2. Materials and Methods

Due to numerous factors, portable XRF devices can only provide semi-quantitative results when
analysing archaeological samples. Such factors include matrix effects, which are known to
significantly impact X-ray interactions. Additionally, surface irregularities, such as rough or uneven
textures, can cause X-rays to scatter unpredictably, resulting in variations in signal intensity. The
limited penetration depth of x-rays (typically 10-100 um) means that only the uppermost layers are
analysed, which may result in the underlying elements being overlooked. Furthermore, elemental
interferences occur when elements with overlapping emission lines make precise differentiation
challenging. The occurrence of corrosion products further complicates the quantitative analysis due
to the presence of oxygen and hydrogen. Similarly, instrument settings, sample heterogeneity, and
environmental conditions, such as humidity and temperature, can all affect the measurements. [26,27]
Although portable XRF is a valuable, non-destructive tool for rapid elemental analysis and
comparative studies, with the advantage of allowing multiple spots to be analysed and either selected
individually or averaged, its results often require validation with complementary techniques such as
micro-XRF, SEM-EDS, or Raman spectroscopy to achieve precise quantification. [28] Since sample
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removal was not possible for this study, the complementary techniques mentioned above were not
an option.

Measurements of the Illyrian helmets with the portable Explorer 5000 XRF (Figure 1) were
conducted using a voltage of 45 kV, a current of 30 HA, a testing time of 20 s and analytical area 12.56
mm? (2 mm spot diameter). The device used in this study was calibrated using factory-defined
parameters based on the Fundamental Parameters (FP) method, which converts measured X-ray
fluorescence intensities into elemental concentrations. Calibration accuracy was verified by
measuring certified steel reference samples (55-304 and SS5-316) before each measurement session,
ensuring instrument stability, correct energy calibration, and reliable quantitative results. The
validated calibration was then applied automatically during routine measurements. [29]

All helmets were manufactured from a single piece. For each of them, two to four measurement
points were analysed, as permitted by the archaeologists and museum conservators. Prior to XRF
analysis, corrosion layers were mechanically removed using a scalpel until the metal surface became
visible, resulting in localized destructive sampling. However, all measurement points were
deliberately selected on pre-damaged surfaces or on inner areas of the 27 helmets examined, so that
the intervention did not affect the visual integrity of the objects. The assurance that corrosion
products were removed relied only on visual confirmation, without further analytical control.

Figure 1. Explorer 5000 handheld XRF device (Skyray Instruments, Inc.) while conducting measurements at the
Institute of Archaeology. (photo taken by the authors).

3. Results

The mean value of elemental composition was calculated from analyzed points on each helmet
(the variation between points on the same helmet was within the standard deviation range; see XRF
spectra in Figure 2). The results of the measurements performed on these helmets are shown in Table
2, including the detected chemical elements along with the respective standard deviations (for
nonzero concentrations, a standard deviation of 0 means the value is below 0.01%).

Figure 2 shows some of the XRF spectra obtained during measurements and the corresponding
points analysed on various helmets.
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(b)

(D

Figure 2. Helmets excavated from: (a) Mborje (inv. no. 17124), (b) Belsh (inv. no. 11717), (c) Bitincké (inv. no.
714), and (c) Maliq (inv. no. 3727), together with the examined points selected on damaged surfaces or inner

areas. The same procedure was applied to all 27 helmets included in this study. (photos taken by the authors).

Table 2. Percentages of the chemical elements along with their standard deviations for the XRF analysis
performed on the Illyrian helmets (the absence of the standard deviation in some cases indicates that it is lower
than 0.01).

No Site (findspot) Cu(%) Sn(%) Fe(%) Pb(%) Zn(%) Sb(%) As(%)

1 Borové 92+3 6.8+0.80.62+0.020.37 +0.010.15+0.010.22+£0.01 0.05
2 Mborje 915+3 76+1 046001 0.03 0.27+0.010.15+0.01 0.06
3 Perlat 91+3 73+1 0.53+0.020.28£0.010.29 +£0.010.15+0.01 0.04
4 Rajcé 95+3 35+050.36+0.010.14+0.0103+0.010.28+0.01 0.09
5 Qukeés 95+3 3.7+050.32+£0.010.17+0.010.27 £ 0.010.27 + 0.01  0.02
6 Belsh 94+3 4.8+0.60.36+0.010.61+0.020.33+0.010.22+0.01 0.03
7 Qyteza e Shénlliut 91+3 74+1 048+0.010.18+0.010.17+0.010.31+£0.01 0.01
8 Bastar nr. 1 90+3 9.0x1 0.71+£0.03 0.2+0.01 0.3+0.010.22+0.01 0.02
9 Bastar nr. 2 95+3 39+04032+0.01 0.05 034+0.010.26+0.01 0.01
10 Sofragan nr. 1 91+3 86+1 054+0.02 0.01 0.26+0.010.17+0.01 0.01
11 Sofracan nr. 2 92+3 38+06 1.5+0.1 0.69+0.04041+0.021.71+0.1 0.04
12 Dushk 924+3 56+0.7 04+0.02 0.16+0.011.17+£0.10.24+0.01 0.04
13 Apolloni 92+3 6+0.7 0.65+0.03 0.04 033001 1.2+0.1 0.01
14 Petrusha 90+3 85%1 0.67+0.03 0.3+0.010.22+0.01 . -

15 Starova 89+3 94+12 12=+0.1 0.07 0.14+0.010.2+0.01 -

16 Bitinckeé 91+3 7.8+1 0.53+0.03 0.1+0.01024+0.0102+0.01 0.01
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17 Maliq 90+3 93+1.20.71+0.03 - 0.21 +£0.010.13 £ 0.01 -
18 Kryegjaté 93+3 53+0.70.76 £0.030.14 £ 0.010.29 + 0.010.13 + 0.01  0.01
19 Nénshat nr. 1 91+3 7+1 0.67+0.030.76 + 0.040.26 + 0.01 0.2 + 0.01 -
20 Zgérdheshnr. 1 89+3 99+130.51+£0.03 0.02 0.23+0.010.13+0.01 -
21 Zgérdhesh nr. 2 89+3 9.3+1.20.94+0.080.11+0.010.16 £ 0.010.17 £ 0.01 -
22 Sofragan nr. 3 92+3 75+1 051+0.03 0.04 030+£0.01 0.07 -
23 Krumé 92+3 7+1 090+0.04 0.01 0.03 0.27+0.01 -
24 Nénshat nr. 2 90+3 86=+1 0.72+£0.030.26+0.01 0.06 047+0.03 0.01
25 Draj-Reg 91+3 5.7+0.71.23+£0.060.38 +0.020.13+0.01 1.2+0.1 -
26 Karicé Mat, 89+3 6.7+0.81.17+£0.090.31+£0.010.02+0.01 24+0.2  0.02
(pérkrenare)
27 Kosové, Lushnje 95+3 39+0.6 0.08+0.01 0.1+0.01 0.05 09+0.08 0.07

4. Discussions

Based on the data obtained from XRF analysis, the following graphs and variation were

generated. In Figure 3, we show the correlation between Cu-Sn (panel a) and between Cu-Sn-Pb

(panel b).
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Figure 3. Variations of the elemental percentages of Cu-5Sn (a), Cu-Sn-Pb (b), and Fe-Zn-Sb-As (c) in the various
helmets investigated via XRF.

The chemical composition of the helmets shows consistently copper-rich alloys, with
percentages ranging from 89% to 95.3%, confirming the use of bronze across all pieces. Tin varies
from about 3.5% to 9.9%, indicating the presence of low-tin bronzes within the helmets’ set. Small
amounts of lead (<0.76%) are present in Cu-Sn alloys, likely as an unintentional impurity rather than
an alloying component. Even these low levels, as seen in Belsh (0.61%), Sofracan nr. 2 (0.69%), and
Nénshat nr. 1 (0.76%), can slightly reduce ductility. Iron, zinc, antimony, and arsenic mostly appear
in low concentrations (generally below 1%), though several helmets show notable peaks, such as iron
values above 1% in Sofragan no. 2 (1.5%), Starova (1.2%), Draj-Reg (1.23%) and Karicé (Mat) (1.17%),
and antimony values exceeding 1% in Sofragan no. 2 (1.71%), Apolloni (1.15%), Draj-Re¢ (1.2%), and
Karicé (Mat) (2.36%). Zinc and arsenic remain very low (<0.41%) throughout the dataset, except in
the helmet of Dushk, containing 1.17% Zn. Similar chemical element concentrations were observed
in both undamaged and damaged or fragmented helmets, suggesting that the preservation state does
not affect the elemental composition. Overall, the results demonstrate a predominantly homogeneous
bronze technology, with the occasional chemical outlier reflecting variations in alloying or raw
material sources.

Pb and Fe contents above 1% typically indicate limited refining control, the use of recycled
copper or deliberately added. Lead segregates as discrete Pb-rich phases, enhancing castability but
reducing strength and ductility, while iron forms hard, brittle inclusions that increase heterogeneity
and lower toughness. Together elevated Pb and Fe generally result in a less homogeneous bronze
suitable mainly for low-stress cast alloys with improved workability.

Nevertheless, several helmets in the dataset show chemical patterns that might be consistent
with the exploitation of sulphide copper ores, abundant in Albania and the Balkan region. Elevated
concentrations of elements typical of polymetallic sulphides, such as Sb, As, Fe, and Zn are visible in
specific examples: Sofragan no. 2 contains 1.5% Fe and 1.71% Sb, Starova is composed of 1.2% Fe,
Draj-Reg has 1.23% Fe and 1.20% Sb, Apolloni shows 1.15% Sb, Dushk contains 1.17% Zn and Karicé
(Mat) reaches 1.17% Fe and 2.36% Sb. These values might reflect the geochemistry of regional
sulphide ores, where antimony, arsenic, iron, and zinc-bearing minerals often accompany copper.
Another possible source of these elements could be recycling, i.e., the remelting of older bronze
objects to produce new ones. Other helmets show lower trace-element levels, suggesting the use of
purer ores, more refined copper extraction techniques, or more selective metal processing. Together,
these patterns reveal a metallurgical practice that combined exploitation of sulphide-rich regional
ores with occasional remelting (recycling), embedded within a generally consistent bronze-working
tradition.

The elemental composition of the helmets was then analysed using the Principal Component
Analysis (PCA). This is a dimensionality-reduction technique that transforms a set of potentially

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0732.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 March 2026 d0i:10.20944/preprints202603.0732.v1

8 of 14

correlated variables into a smaller number of orthogonal components, thereby highlighting the
dominant sources of variance within the dataset. The commands used in GNU Octave to perform the
PCA are shown in Figure 4. Here, X is a 27x7 matrix, with 27 being the ordinal number of the helmet
and 7 being the detected element percentage, as listed in Table 2.

2 T T T
®H20 o
OH17 ® ®H22
1 oH16 H2 oo H12
OH1aH8 OH7
0I-|15.'-I21 ®H23 H3, 118 ®H5 -
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Figure 4. PCA plot of the analyzed helmets based on the concentrations of Cu, Sn, Pb, Fe, As, Ag, and Ni. The
first two principal components explain 65.7% of the total variance (PC1: 39.0%; PC2: 26.8%). Colors represent the
different helmet typologies. (com. stands for combinative).

Principal Component Analysis (PCA) was performed on the standardized concentrations of
seven chemical elements (Cu, Sn, Pb, Fe, Zn, Sb, As) measured in 27 helmets. The first two principal
components account for 65.7% of the total variance (PC1: 39.0%; PC2: 26.8%; Table 3), thus capturing
a substantial proportion of the compositional variability within the dataset. The eigenvalues decline
sharply after the second component, with each subsequent component explaining less than 14% of
the variance individually (Table 3). Accordingly, interpretation was restricted to PC1 and PC2, as the
remaining components primarily represent minor residual variability.

Table 3. Eigenvalues, percentage of variance, and cumulative variance explained by the principal components.

PC Eigenvalue % of Variance Cumulative %

1 2.73 39 39

2 1.88 26.8 65.8
3 0.93 134 79.1
4 0.66 9.4 88.5
5 0.55 7.8 96.3
6 0.25 3.6 99.8
7 0.01 0.2 100

The loading structure (Table 4) elucidates the compositional significance of the principal axes.
PC1 shows positive associations with Cu (0.57), As (0.45), Zn (0.25) and Pb (0.06), and negative
associations with Sn (-0.52), Fe (-0.37) and Sb (-0.02) , indicating that higher PC1 scores correspond to
alloys enriched in Cu, As, Zn and Pb and relatively depleted in Sn, Fe and Sb. PC2 is dominated by
negative loadings for Sb (-0.63), Pb (-0.51), Fe (-0.49), and As (-0.09), together with a positive loading
for Sn (0.31), Zn (0.11) and Cu (0.01) suggesting that variation along this axis reflects contrasting Sb-
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Pb-Fe-As rich versus Sn-Zn-Cu rich compositional tendencies. Projection of the typological groups
onto the PC1-PC2 compositional space (Figure 4) reveals a non-linear distribution. The Ib and
combinative types exhibit positive mean PC1 values, whereas the Corinthian type and several III
subtypes display negative PC1 centroids. In contrast, subtype III/B2 occupies strongly positive PC1
values, indicating marked compositional differentiation within the later typological horizon. The
numerical centroids (Table 5) quantify these relationships and demonstrate that the observed
variability does not follow a simple early-late dichotomy but instead reflects distinct compositional
clusters among specific typological categories.

Table 4. Principal component loadings for the analyzed elements (PC1 and PC2).

Element PC1 PC2
Cu 0.57 0.01
Sn -0.52 0.31
Fe -0.37 -0.49
Pb 0.06 -0.51
Zn 0.25 0.11
Sb -0.02 -0.63
As 0.45 -0.09

Table 5. Centroids of helmet typologies in the PCA analysis (PC1 and PC2).

Helmets’ typology PC1 PC2
Ib 0.65 -0.26
combinative 0.5 0.69
ITTIA/1a 1.39 0.28
ITTIA/2a -0.12 -0.08
Corinthian -2.61 0.18
ITTIA/2b -1.85 1.54
ITIA/3a -1.13 0.68
IT1/B1 -1.23 -1.18
I11/B2b -1.65 -3.37
IT1/B2 3.07 -0.11

Along PC2, increased dispersion is observed particularly among certain III/A and II1/B subtypes,
suggesting greater internal compositional variability during later production phases. Although
partial overlap between groups is present, the combined evidence from score distribution, loading
structure, and centroid positioning supports the interpretation of shifts in alloying practices across
typological categories. These patterns likely reflect variations in metallurgical choices, raw material
procurement, or workshop traditions rather than a strictly linear technological progression.

Unfortunately, there are very few studies providing analytical database that specifically address
the chemical composition of Illyrian helmets. However, other publications show that Illyrian helmets
(8th-4th centuries BC) were technologically sophisticated bronze artefacts whose form and
composition reflect both regional Balkan traditions and strong Greek influence. Metallurgical
analyses demonstrate that these helmets were primarily produced from copper-tin alloys: the
Albanian samples from Nénshat and Krumé contain approximately 88.5-92 wt.% Cu and 7.1-11.1
wt.% Sn, with minor elements such as Fe (0.3-0.7 wt.%), As (0.09-0.13 wt.%), and trace Cr (~0.06 wt.%),
likely derived from copper sulphide ores [30] Comparable data from the Harvard open-faced Illyrian
helmet indicate a similar alloy, with about 90.7-91.6 wt.% Cu, 7.9-8.0 wt.% Sn, very low Pb (0.05-0.09
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wt.%), and traces of Fe, Ni, As, Sb, and Ag (generally <0.3 wt.%), confirming a consistent metallurgical
tradition. (https://harvardartmuseums.org/collections/object/304207) Microstructural evidence from
both studies indicates casting followed by repeated annealing and cold working, underscoring a
shared technological knowledge across workshops and regions. It appears that Illyrian helmets had
a relatively standardized composition, consisting of approximately 88-95% Cu and 4-11% Sn, with
trace elements that suggest the use of copper derived from sulphide minerals.

5. Conclusions

The 27 helmets included in this study constitute the full collection of Illyrian helmets that have
been excavated in Albania to date. Their elemental analysis confirms the consistent use of copper-
rich alloys, with low tin content and only minor concentrations of other elements such as lead, zinc,
and antimony that may have influenced casting and working properties. In most samples, trace
elements such as iron, antimony, zinc, and arsenic generally occur in low concentrations, reflecting
the geochemistry of regional sulphide copper ores or the possible recycling of older bronze objects.
Overall, the chemical composition is remarkably homogeneous, indicating a broadly standardized
bronze-working tradition. However, occasional outliers reveal variations in raw material sources or
metallurgical choices.

The PCA results indicate two main compositional trends within the helmets. PC1 primarily
reflects variations in the Cu-Sn alloy balance, distinguishing copper-richer compositions from
relatively more tin-enriched bronzes. PC2 is mainly controlled by trace elements, particularly Sb, Pb,
and Fe in contrast to Sn and Zn, highlighting differences in minor and impurity elements among the
samples.

Together, these results suggest that Illyrian bronze production might have combined the
exploitation of sulphide-rich regional ores, selective alloying, and occasional recycling, all of which
were part of a largely consistent metallurgical practice across different workshops in Albania. At the
same time, the PCA indicates subtle compositional variability among typological groups, which may
reflect differences in metallurgical choices, raw material procurement, or workshop traditions rather
than a strictly uniform technological practice.

Table 1. The Illyrian helmets examined in this study, along with their excavation site and condition, inventory
number, dimensions, masses, dating, typology and place of exhibition . [7,8,24,25,31] Table code: Institute of
Archaeology, Tirané —IA, T; Archaeological Museum of Kor¢ca—AMK, The Historical Museum of Shkodra—
HMSh; Historical Museum of Peshkopia—HMP; Museum of Weapons in Gjirokastér —MWG;j; “Gjergj Kastrioti
Skanderbeg” National Historical Museum Kruja—“GjKS” NHMK; National Historical Museum in Tirana—
NHMT; Archaeological Museum of Pogradec—AMP; Archaeological Museum of Apolonia—AMA; Sizes—
height x length x width; Type combinative —com.

N Site Excavati Object Invento Sizes (cm) Mass Exhibite  Dating Type
° (findspot) on year excavated ry no (gr) din
condition

1 Borové 1980 Undamaged 11592 21.7x215x173 1282 IA, T VII-VI Ib
BC

2 Bitincké 1983 Damaged 714 26 x21.5x20.5 931 AMK VII-VI com.
BC

3 Apolloni 1983 Damaged 17136 18x18x 14 318 IA, T VII-VI com.
BC

4 Nénshat nr. 1920 Fragment 117 15x16.5 237 HMSh VI-V IITA/1a

1 BC

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0732.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 March 2026 d0i:10.20944/preprints202603.0732.v1

11 of 14
5  Nénshat nr. 1963 Fragment 4064 22 x 26 (larger 586 IA, T VII-VI [ILNE
2 piece) BC
6 Karicé 1955 Fragment 4144 255x12 370 IA, T VI-V 1ITA/1a
BC
7 Mborje 1979 Undamaged 17124 26 x24x18.5 1638 IA, T VI-V 1ITA/1a
BC
8 Kosové 1960 Undamaged 2255 232x21.5x17 1170 IA, T VI-V 1ITA/1a
(Lushnje) BC
9  Sofragannr. 2008 Undamaged 17125 28.5x23.8x15.7 1536 IA, T VI-V 1IIA/1a
1 BC
10  Sofragannr. 2008 Undamaged 17126 28.5x19x15 1233 IA, T VI-V 1A /2a
2 BC
11  Sofragan nr. 2008 Fragment 17127 12x4.5 19 IA, T VI-V IITA/2a
3 BC
12 Draj-Reg 1970 Undamaged 134 23x22x18 1232 HMP VI-V 1ITA/2a
BC
13 Krumé 1967 Fragment 6269 9 x 11 (larger 193 IA, T VI-V 1IIA/a2
piece) BC
14 Bastarnr. 1 1955 Undamaged 2254 28.5x21.5x19 1362 IA, T IV BC IIIA/2a
15 Bastarnr.2 1966 Undamaged 1477 28 x25x22 1265 IA, T VI-V Corithi
BC an
(import
) IIIA/2
a
16 Qukés 2002 Undamaged 17054 27 x22x19 1164 IA, T VBC 1ITA/2a
17 Maliq 1970 Undamaged 3727 26x23x 18 1240 MWG]j VBC IIIA/2a
18  Zgérdhesh 1971 Damaged 102 28x21.5x18 1258  “GjKS” VBC 1ITA/2a
nr.1 NHMK
19  Zgérdhesh 1971 Fragment 4061 17.5x 23 314 IA, T VI-V 1ITA/2a
nr. 2 BC
20 Perlat 1956 Undamaged 1303 27.x24 x 19 1324  NHMT VBC 1ITA/2b
21 Belsh 1975 Undamaged 11717 28x22.5x18 905 IA, T IVBC IIIA/3a
22 Qytezae 1966 Damaged 1-2 27x19.5x 18 1046 IA, T IVBC 1IIA/3a
Shénlliut
23 Rajcé 1980 Damaged 17454 28.5x23x 18 1498 IA, T VI-V 1IIA/3a
BC
24 Starové 1967 Damaged 189 26 x20x18.5 798 AMP IVBC 111/B1
25 Petrushé 1971 Damaged 188 874 874 AMP IVBC 111/B1
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26  Kryegjaté 1975 Damaged 1337 25x24x17 852 AMA IVBC 111/B2b
27 Dushk 1959 Undamaged 2029 23x21.9x17 1028 IA, T IV BC 111/B2
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