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Archaeometric analyses on conical and decorated cap helmets from the Bronze Age are
presented. The helmets are dated to the 14–12th century BC according to associated finds in
hoards. Alloy composition, material structure andmanufacturing processes are determined
and shed light on the earliest development of weaponry production in Central and Eastern
Europe. Analyses were carried out using light and dark field microscopy, SEM–EDXS, PIXE,
TOF-ND and PGAA. The results allowed reconstructing the manufacturing process, the
differences between the cap of the helmets and their knobs (i.e. alloy composition) and the
joining technique of the two parts.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Bronze Age European metal defensive armour, as opposed to
weapons, is scarce. With a few exceptions such as the armour
from Biecz, Dendra or Knossos, the first armour appears in
Central and Eastern Europe in the beginning of the Urnfield
culture (ca. 1300 BC). Today, we know of approximately 120
helmets, 95 shields, 55 greaves and 30 cuirasses from the
European Bronze Age. The distribution area of each type of

armour is different; only in the Carpathian basin and a bit
further to the north we find all types of armour. Indeed, we do
not knowany finds of shields in France or the Iberian Peninsula,
though depictions are known. In the United Kingdom, finds of
metal helmets or greaves are unknown, while shield finds are
common [25, pl. 166–167].

European Bronze Age helmets are distinguished in two main
groups: inWestern Europe, the conical cap is usuallymade of two
halves, resulting in a central crest where the halves are joined

M A T E R I A L S C H A R A C T E R I Z A T I O N 7 9 ( 2 0 1 3 ) 2 2 – 3 6

⁎ Corresponding author. Tel.: +39 010 353 6145 (lab.), +39 340 1388 506.
E-mail addresses: Marianne.moedlinger@univie.ac.at (M. Mödlinger), paolo.piccardo@unige.it (P. Piccardo),

kasztovszky.zsolt@energia.mta.hu (Z. Kasztovszky), kovacs.imre@wigner.mta.hu (I. Kovács), szokefalvi-nagy.zoltan@wigner.mta.hu
(Z. Szőkefalvi-Nagy), kali.gyorgy@wigner.mta.hu (G. Káli), szilagyi.vera@gmail.com (V. Szilágyi).

1044-5803/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.matchar.2013.02.007

Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

www.e l sev i e r . com/ loca te /matcha r

http://dx.doi.org/10.1016/j.matchar.2013.02.007
mailto:Marianne.moedlinger@univie.ac.at
mailto:paolo.piccardo@unige.it
mailto:kasztovszky.zsolt@energia.mta.hu
mailto:kovacs.imre@wigner.mta.hu
mailto:szokefalvi-nagy.zoltan@wigner.mta.hu
mailto:kali.gyorgy@wigner.mta.hu
mailto:szilagyi.vera@gmail.com
Unlabelled image
http://dx.doi.org/10.1016/j.matchar.2013.02.007
Unlabelled image


together. In Austria, three cap helmets with different crests are
known. Their chronological classification is still a matter of
discussion (most recent: LIPPERT 2011). In Central and Eastern
Europe, conical helmets, cap helmets and bell helmets dominate:
all three types consist of a capmade of one singlemetal sheet. In
most cases, the cap bears a central, knob or socket. In the
following, we focus on the manufacture of conical helmets, the
oldest European helmets, and their successor, the decorated cap
helmet. Of the conical helmets and decorated cap helmets
(including fragments) discussed, two thirds could be studied in
detail, since someare in private collections or simply couldnot be
found in the museums concerned (Table 1).

Two conical helmets areunder analyses at other facilities. The
Hungarian helmets could be studied non-invasively only, with-
out being brought outside the country. The EuropeanCHARISMA-
project enabledanalyseswithPrompt-gammaactivationanalysis
(PGAA), particle induced X-ray emission spectroscopy (PIXE) and
Time of Flight-Neutron Diffraction (TOF-ND) at the Budapest
Neutron Centre. The effectiveness of neutron-based methods in
provenance, authenticity and conservation studies has been
demonstrated earlier [2,7,14]. The micro-fragments of the
helmets that museums allowed to be sampled were analysed
with bright and dark field light microscopy and SEM–EDXS at
the metallurgical lab of the DCCI, Universitá degli Studi di
Genova.

2. The Helmets

So far, ten conical helmets are known; another close related
find with boar tusk decoration is noted as well [5]. They are
distributed from Knossos, Crete in the southeast of Europe to
Biecz, Poland, in the northwest. The distribution centre, with
the highest number of finds, is the Carpathian basin (Fig. 1).
The helmets are dated to the 14–13th century BC; only the
helmet from Knossos derives from the middle of the 15th
century BC. Chronological aspects as well as development and
distribution were recently discussed in detail [16]. Four helmets
are complete or missing only small parts: Biecz, Dunaföldvár,
Lúčky and Oranienburg. From the two Slovakian finds from
Spišská Belá and Žaškov only the sockets are preserved. The
helmet from Keresztéte consists today of one fragment only;
however, an older photograph still shows an almost complete
helmet [27, pl. 150:9]. The knobs are missing on the unfortu-
nately not completely preservedhelmets fromDunaföldvár and
Keresztéte. The caps from the helmets from Knossos, Nadap
and Sîg are not completely preserved either; however,
typological and chronological classification as well as sam-
pling in two cases was possible. All conical helmets (Fig. 2)
have a very thin cap, which is also indicated by their light
weight, ranging from 353 g (Biecz) to 638 g (Oranienburg) and
almost 700 g (Knossos) for complete pieces with a total
height of 17 cm (Biecz) to 21 cm (Oranienburg). On top of
the conical cap, a small, spool-shaped socket with hole in the
centre was applied (Fig. 3). Only the helmet from Knossos has
a riveted-on knob. The closely related helmet with the boar
tusk decoration instead bears a knob, which was made out of
the same bronze sheet as the cap and thus is a direct part of
the cap. The socket or knob served to support an organic
plume. According to the rivet holes all along the edge of the

helmets, usually an inner organic padding was riveted to the
helmets.

Decorated cap helmets are more numerous than conical
helmets. So far, seven complete helmets and nine fragments
most likely belonging to decorated cap helmets are known
(Fig. 4). The helmets are dated to the 12th century BC, maybe
even up to the early 11th century BC [15]. Themain distribution
area of complete decorated cap helmets, though poorly
provenanced, is the Carpathian basin. So far, the helmet from
Paks represents the only known complete helmet with a firm
provenance and more detailed find circumstances. Fragments
of the same type of helmets are all part of large Late Bronze Age
hoards and show a much wider distribution than the complete
helmets (Fig. 1). The distribution area spreads from Elsterwerda,
Germany, in the north to Poljanci, Croatia, in the south and from
Strassengel, Austria in the west to Guşteriţa, Romania in the east.
The completely preserved cap helmets from Žiar nad Hronom,
Paks and four other examples from Hungary with uncertain
findspot are richly decorated capswith tubular sockets on top. On
the sideof thehelmets, twoor threebundlesof several embossed,
parallel ribs are visible. On top of the cap of some helmets, the
so-called star decoration is visible [15]. Thehelmets fromŽiar nad
Hronom as well as one from the former Guttmann collection are
the only ones with cheek plates being preserved. This made it
possible to connect the cheek plates from Guşteriţa, Hočko
Pohorje, Mezőnyárád, Stetten and Uiora de Sus to this type of
helmet as well. The cheek plates all have a rather round,
kidney-shaped form with a central ridge. Unfortunately, three of
the completedecorated caphelmets couldnot be studied indetail
at all, since their actual repository isunknown.However, thealloy
composition of the two helmets from the former Guttmann
collection was previously published by Born and Hansen [3,
p. 270].

The helmets were not worn on the bare head. An inner
organic padding or a separate organic cap beneath was used. In
addition, an organic plume – possibly feathers, horsehair or
something similar – was attached to the knob or socket. Both
types of helmets show regularly distributed rivet holes parallel to
the rim of the helmet. Only the conical helmet from Biecz has
three rivet holes each only in the centre of its broader sides —
most likely to attach cheek plates. For chin straps, two rivet holes
would be sufficient and theywould not be so far from each other,
as it is know from other bronze cap helmets (Thonberg,
Wonsheim Szikszo). For the helmet from Biecz, we therefore
have to assume a separately worn organic cap or padding under
the helmet and not directly fixed to it. The other helmets
instead show regularly distributed rivet holes all around the rim
to attach the organic padding.

3. Protocol of Investigations: Invasive Methods

3.1. EDXS Compositional Analysis

The EDXS composition analyses were performed on drilling
samples as well as cross-sections of microfragments mechani-
cally sampled from the helmets or the cheek plates. In order to
perform themetallographical analyses, themicrofragmentswere
mounted in epoxy resin and polished with diamond paste up to
0.25 μmof diameter. The alloy compositionwas characterized by
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